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1 ANTIMONY  

1.1  Overview  

 

Figure 1 : Simpli fied value chain for antimony  for the EU, averaged over 2012 -

2016 1   

 

Antimony (chemical symbol Sb) is a soft, lustrous, silver -grey metalloid. It is stable in air 

at room temperature, but reacts with oxygen when heated to  form antimony trioxide 

(Sb 2O3). It has a relatively low melting point of 630°C and a density of 6.697 g/cm 3. 

Antimony is rare in the Earth's crust having a (upper) crustal abundance of only 0.4 ppm 

(Rudnick and Gao, 2003). Antimony is found in over 100 di fferent mineral species, typically 

in association with elements such as mercury, silver and gold. The principal ore mineral of 

antimony is stibnite (Sb 2S3). Antimony  was on the EUôs lists of critical raw materials in 

2011, 2014 and 2017.  

  
Figure 2 : End uses of antimony in the EU and EU sourcing of antimony ores and 

concentrates  (2012 - 2016)  (Eurostat, 2019a)  

                                           
1 JRC elaboration from multiple sources (see next sections). The orange boxes of the extraction and processing 
stages suggest that activities are not undertaken within the EU.  
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Figure 3 : EU sourcing of unwrought antimony and antimony oxides  (processing 

stage)  (annual average for 2012 - 2016) 2  

For the purpose of this assessment antimony is analysed at both extraction and processing 

stage. At mine stage, antimony is assessed as antimony ores and concentrates (trade code 

CN26171000) and at processing stage in the f orm of antimony wrought and powders 

(trade code CN811010) and antimony oxide (trade code CN282580).  

The antimony market size was reported at USD 1.77 billion in 2018 and is projected to 

reach USD 2.37 billion by 2023, at a CAGR of 6% between 2018 and 2023 . The application 

of antimony in the chemical industry is projected to drive the antimony market 

(Marketwatch Press Release, 2019). The majority of antimony is traded on annual 

contracts and only small amounts are sold on the open market. According to the 

information from USGS, antimony prices have decreased drastically in the period 2012 -

2016, from USD 12,445 per tonne in 2012 to USD 7,385 per tonne in 2016.  

The EU is a net importer of antimony ores and concentrates. T he average annual EU 

consumption of a ntimony ores and concentrates was approximately 649 tonnes per year  

for the period 2012 -2016 , supplied exclusively by import, predominantly from Turkey 

(62%), Bolivia (20%), and Guatemala (7%).  

The EU is a major global producer of antimony oxide for the period 2012 -2016. EU 

production of antimony oxide depends on EU imports of unwrought antimony. Between 

2012 and 2016, the apparent consumption of unwrought antimony and powder and 

antimony oxide in the EU averaged 39,300 tonnes per year  (Sb content) . The E U imported 

antimony metal and antimony oxides with an average (2012 -2016) of 22,200 tonnes per 

year. The EU import originated mainly from China, with annual import of 17,650 tonnes, 

accounting for 40% of the total EU sourcing.  

Antimony is mainly used as f lame retardant. It is also as used as lead alloy, in lead -acid 

batteries, as catalyst and stabiliser in plastics manufacture, and in glass and ceramics. 

Antimony is harder to substitute as retardant than in other applications.   

World antimony resources ha ve been estimated at 5 million tonnes in 2011 (Bio 

Intelligence Service, 2015). Principal identified world resources are located in Australia, 

                                           
2 JRC elaboration from multiple sources. See EU demand section.  



6 

 

Bolivia, China, Mexico, Russia, South Africa, and Tajikistan (USGS, 2019). Additional 

antimony resources may occu r in the Eastern United States (USGS, 2019). In Europe six 

countries are known to have antimony resources, including: France, Germany, Sweden, 

Finland, Slovakia and Greece. Most resources in Europe are based on historic estimates 

and are of little current economic interest.  

According to the USGS, world antimony reserves amount to 1.5 million tonnes and are 

concentrated in China (48%), Russia (18%) and Bolivia (16%).   

During the period 2012 -2016, the world annual production of antimony ores and 

concentrates  reached about 162 kt (WMD, 2019). China was the largest supplier of 

antimony ores and concentrates, producing 119 kt (74% of the global production). There 

is no reported EU production of antimony ores and concentrates in 2012 -2016 (WMD, 

2019).  

At processing stage, the average annual quantity of unwrought antimony and powders and 

antimony oxides traded globally for the period 2012 -2016 was 110 kt (Sb content). The 

main producer of antimony wrought and powders and antimony oxide during this period  

was China (59% of exported quantity) (UNComtrade, 2019).  

The global end -of - life (EoL) recycling rate for antimony is estimated to be between 1 and 

10% (UNEP, 2013). However, the Material Systems Analysis (MSA) study on antimony, 

undertaken by BIO by Delo itte in 2015, suggests that the EoL recycling rate for antimony 

in the EU is as high as 28% (BIO by Deloitte, 2015), mostly by recovery from lead -acid 

batteries .  

The government of China set export quotas of 54 .4 kt  (metal content) of antimony metal 

and an timony trioxide in 2016 (USGS, 2016, OECD, 2019). At the beginning of 2017, the 

Ministry of Commerce of China lifted the export quota and introduced an export license 

system. Among the suppliers of antimony to the EU, a trade agreement is in place with 

Tur key.  

A range of antimony -bearing substances falls within the EUôs Regulation on the 

Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) which came 

into force in 2007 albeit with a phased implementation.  

1.2  Market analysis , trade  and  prices  

 Global m arket analysis and outlook  

The qualitative forecast of supply and demand of antimony is presented in Table 1. As 

halogenated antimony trioxide is still highly regarded as an effective flame retardant , this 

is likely to remain the principal market for antimony in the EU. The continued use of 

antimony - tin oxide ( ATO)  in flame retardants is also likely to be driven by increasingly 

stringent  fire regulations. The use of antimony in lead -acid batteries is estimated to 

decrease  (Goovaerts, 2019) , as  various prod ucers  substituted antimony in this application 

on environmental grounds in many developing nations (Schwarz -Schampera, 2014). The 

main substitute for antimony in lead -acid batteries is tin alloy with lead  content , although 

this practice may not happen immediately .  

Global consumption of antimony is expected to increase from 2015 to 2020, primarily in 

the use applications: flame retardants , lead -acid batteries, and plastics. Asia is projected 

to remain the leading region regarding consumption, accounting for about 60% of global 

consumption by 2020 (USGS, 2016).  

China was the leading global producer of antimony ores and concentrates and ant imony 

metal and oxides in 2012 to 2016. The ore and concentrates production in China 
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experienced a decline in 2015 due to temporary mine closures and curtailments and 

environmental restrictions. Antimony mining in the Guizhou Province, one of the main 

anti mony -producing areas, was expected to be limited from 2018 as a part of the Chinese 

Governmentôs mining industry reforms aiming to reduce mine overproduction (USGS, 

2019).  

The government of China reduced its export quotas on antimony metal and antimony 

tri oxide from 59,400 tonnes in 2015 to  54,400 tonnes (antimony content) in 2016 (USGS, 

2016, OECD, 2019). At the beginning of 2017, the Ministry of Commerce of China lifted 

the export quota for antimony and introduced an export license system instead.  

In the  fall of 2017, as prices of antimony recovered from a general declining trend in 2011 -

2015, and after a series of anti -pollution checks, some private sector antimony producers 

in China began to re -open (USGS, 2018).  Several new antimony mines were also rep orted 

to have been opened outside China. For example, in 2018, one company in the United 

States announced the re -opening of two of its mines in Mexico (USGS, 2019).  

A new antimony plant in Oman  was planned to operate in 2019 . The plant was set up to 

treat  40,000 tonnes per year of antimony -gold concentrates to produce 20,000 tonnes per 

year of antimony metal and antimony trioxide, making it the largest antimony roaster 

outside of China (Roskill General News, 2019). Nevertheless, according to experts, most 

of the conversion of antimony ores into antimony metal or antimony trioxide  would  still 

take s place in China (Goovaerts, 2019).  

Table 1 : Qualitative forecast of supply and demand of antimony  (European 

Commission, 2017)   

Materials  

Criticality of the 
material in 

2020  

Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  
10 

years  
20 

years  

Antimony  x   +   +  +  +  +  +  

 

 

1.2.1.1  EU trade  

Antimony is traded in a number of forms, e.g. ores and concentrates, antimony trioxide 

(ATO), unwrought antimony metal and powders, scrap.  

The trend of EU import s and export s of antimony ores and concentrates are  presented in 

Figure 4. The EU is a net importer of antimony  ores and concentrates  with 100% of import 

reliance . The EU import s over the period 2012 -2016 was on averag e 1,444 tonnes  per 

year  (Eurostat, 201 9). The main suppliers of antimony ores and concentrates to the EU 

are Turkey (62%), Bolivia (20%), and Guatemala (7%)  (Figure 5) . The annual EU e xport s 

of antimony ores and concentrates in 2012 -2016 was reported a t  569  tonnes , i.e. less 

than half of the EU import s.  

China, by far  the  biggest global producer of antimony ores and concentrates imposed an 

export tax on antimony ores and concentrates : 20% on CN26171010 "Crude antimony 

antimony concentrates which are mineral products" and 10% on 26171090 "antimony ores 

and concentrates: other". The share of the imports of antimony ores and concentrates 

from China to the to tal EU supply was  2%  (Figure 5) .  
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Figure 4 : EU trade flows for antimony ores and concentrates, 2012 - 2016. 

(Eurostat , 2019a )  

 

 

Figure 5 : EU imports of antimony ores and concentrates , average 2012 - 2016  

(Eurostat, 2019a)  
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The EU trade of antimony trioxide is shown in  Figure 6. The EU is one of the most significant 

global exporters of antimony trioxide. In general, there was an increase in the EU export 

and a decreasing trend in the import of antimony tri oxide betwe en 2012  and  2015.  

 

Figure 6 : EU trade flows for antimony oxide (CN 282580 , tonnes of antimony 

oxide ) (Eurostat, 2019 a)  

 

Figure 7 : EU imports of antimony oxides, average 2012 - 2016 (Eurostat, 2019a)  

 

The EU relies on import of antimony in unwrought and powder form  for the production of 

antimony trioxide . The low export in comparison to the import suggests that most of the 

imported antimony unwrought and powder was consumed domestically (Figure 8). China 

supplied most of EUôs demand of unwrought antimony and powder over the year 2012-

2016, accounting for more than 80%  of EU imports ( Figure 9) .  
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Figure 8 : EU trade flows for antimony unwrought and powder  (CN code 

811010) (Eurostat, 2019 a)  

 

Figure 9 : EU imports of antimony  unwrought and powder , average 2012 - 2016  

(Eurostat , 2019 a)  

 

1.2.1.2  Prices and price volatility  

Antimony is traded in a number of forms such as ores and concentrates, antimony trioxide 

(ATO), unwrought antimony metal and powders, and scrap.  

Figure 10  show s the price trend of antimony metal from 1991 -2018 based on New York 

dealer price s. The price of antimony reached its peak of more than USD 14,000 per tonne 

in 2011. This uptrend  occurred in response to Chinese mine closures and the introduction 

of Chinese export quotas (Schwarz -Schampera, 2014). The increased price of antimony 

also triggered the use of substitution of antimony. Antimony price s have generally declined 

from  2011 to 2015. Reports indicated that elevated producer stocks in China and lower ï

than -expected consumption in Europe contributed to the price decline  (USGS, 2016) .  
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In 2016 and 2017, in China many large -scale producers reduce d production and many 

small - scale producers closed in response to price declines and, moreover, to the imposed 

stricter environmental standards from provincial and national governments. Antimony 

ingot prices have followed a steady decline since end -2018, w ith year - to -date prices down 

around 22% as of July 2019. Part of the decline in price has come from the growing 

vo lumes of stocks sold by Chinese  large scale producers of ingot and trioxide since the 

end of 2018 (Roskill General News, 2019).  

 

 

 
Figure 10 : Prices of antimony (US D per tonne) from 1991  to 20 18  (Data from 

USGS 3)   

 

1.3  EU demand  

 EU demand and consumption  

The EU is both an importer and producer of antimony trioxide. The main demand for 

antimony in the EU came from flame retardants (in the form of antimony trioxide) and in 

battery applications. The EU production of antimony trioxide also relies largely on th e 

import of unwrought antimony metal.  

The EU is a net importer of unwrought antimony metal. In the period 2012 -2016, the EU 

imported 18,5000 tonnes per year of unwrought antimony metal. The supply of unwrought 

antimony for the EU came mainly from China (8 3%), Vietnam (4%), and Tajikistan (4%).  

 Uses and end -uses of antimony  in the EU  

Figure 11  presents the main uses of antimony  in the EU  from 2012 to 2016 . 

                                           
3 https://www.usgs.gov/centers/nmic/antimony-statistics-and-information 
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Figure 11 : EU  end uses of antimony. Average EU import figures of antimony 

ores and concentrates  for 2012 - 2016  ( SCRREEN , 2019) .  

 

Approximately 43% of antimony (in the form of antimony trioxide, or ATO) is used in the 

production of flame retardants. Antimony trioxide is not a flame retardant in itself but it is 

combined with halogenated (i.e. brominated or chlorinated) flame retardant compounds. 

Halogenated antimony compounds are effective dehydrating agents, which inhibit ignitio n 

and pyrolysis in solids, liquids and gases. They also promote the formation of a char - rich 

layer on the substrate, which reduces oxygen availability and volatile -gas formation 

(Schwarz -Schampera, 2014). Antimony -based flame retardants are used in plastic s, cable 

coatings, upholstered furniture, car seats, fabrics and hou sehold appliances (i2a, 2014).  

Another important use of antimony, accounting for about 32% of global antimony 

consumption, is the production of antimonial or hard - lead alloys used in the manufacture 

of lead -acid batteries. The incorporation of 1 -15  % antimony in these alloys improves 

tensile strength and thus charging characteristics. Further, it also prevents the production 

of unwanted hydrogen during charging. Antimony - lead alloys that c ontain 1 -3% antimony 

are easy to cast and are used in the production of grid plates, straps and terminals in lead -

acid batteries (Schwarz -Schamp era, 2014; CRM_InnoNet, 2015).  

The production of lead alloys accounts for about 14% of the global antimony use.  Examples 

for this application are in the manufacture of low - load bearings used in the automotive 

sector, as well as in the manufacture of household and decorative items such as teapots, 

vases and lamp stands. Tin - lead -antimony solders are used extensively  in the electronics 

industry (Schwarz -Schamp era, 2014; CRM_InnoNet, 2015).  

About 6% of antimony, in the form of antimony trioxide (ATO), is used as a catalyst in the 

production of polyethylene terephthalate (PET). PET is one of the key input materials for  

the manufacture of plastic bottles, also for water and food bottles. ATO is also used as a 

heat stabiliser in polyvinyl chloride (PVC) (Schwarz -Schampera, 2014).  

Antimony in the form of sodium hexahydroxyantimonate, is used in the manufacture of 

high -qual ity clear glass. This use accounts for about 5% of the global antinomy 

consumption. In this particular application, antimonates are primarily used as degassing 

agents, which act to remove trapped air bubbles from the cooling glass. They also act as 
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a finin g agent for removing impurities (e.g. iron) that may produce unwanted colouration 

(Schwarz -Schampera, 2014).  

Other minor uses of antimony (accounting for less than 1% of the EU demand) are 

(Braibant, 2019):  

¶ Functional pigments used in plastics, rubber, pa ints and enamels (mainly 

Sb oxides and sulfides)  

¶ Lubricants used in brake pads and disk clutches (mainly Sb trisulfide)  

¶ Ammunition primer in blasting caps, ignition agents and smoking agents 

(mainly Sb trisulfide)  

¶ Catalysts for oil refining (mainly Sb oxid es)             

¶ Medical treatment of leishmaniosis (mainly pentavalent Sb species)  

Antimony -compounds are used also as cross - linking catalyst and stabilizers in explosive 

formulation, serving a function similar to catalysts and stabilizers (Castresana -Pelayo, 

2019).  

Relevant industry sectors are described using the NACE sector codes (Eu rostat, 2016c) , 

presented in Table 2. 

Table 2 : Antimony  applications, 2 - digit and associated 6 - digit CPA sectors, and 

value added  per sector ( Based on value  added  from Eurostat, 2019 b )   

Applications  2 - digit NACE sector  Value added per 

sector  

4 - digit CPA  

Flame 

retardants  

C20 -  Manufacture of 

chemicals and chemical 

products  

105,514  C2059 -  

Manufacture of 

other chemical 

products n.e.c.  

Lead -acid 

batteries  

C27 -  Manufacture of 

electrical equipment  

80,745  C2720 -  

Manufacture of 

batteries and 

accumulators  

Lead alloys  C25 -  Manufacture of 

fabricated metal products, 

except machinery and 

equipment  

148,351  C2599 -  

Manufacture of 

other fabricated 

metal products 

n.e.c.  

Plastics 

(catalysts and 

stabilisers)  

C20 -  Manufacture of 

chemicals and chemical 

products  

105,514  C2016 -  

Manufacture of 

plastic in primary 

forms  

Glass and 

ceramics  

C23 -  Manufacture of other 

non -metallic mineral 

products  

57,255  C2311 -  

Manufacture of 

flat glass  

 

 Substitution  

Substitution of antimony remains similar to with what was described at the critical raw 

material assessment in 2017. Antimony is reasonably easy to substitute in some of its 

applications (CRM_InnoNet , 2015 ). For example, compounds of chromium, tin, titanium, 

zinc and zirconium can substitute for antimony in the manufacture of pigments and glass. 

However, in its main application (i.e. as a flame retardant) antimony is much harder to 

substitute. Compoun ds such as alumina trihydrate, magnesium hydroxide and zinc borate 

may partially substitute for antimony in flame - retardant materials . H owever, their 

performance is inferior to antimony -based flame retardants.  
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Various combinations of cadmium, barium, calcium, lead, tin, zinc and germanium may 

substitute for antimony in the production of plastics (e.g. as stabilisers or catalysts), but 

this option is commonly more expensive. There are several metals that may substitute for 

antimony in the production of lead alloys (e.g. cadmium, calcium, selenium, tin and 

copper) . H owever, assuming 1:1 substitution in alloys is overly simplistic, for the simple 

reason that the properties of a given alloy are not controlled by a single metal, but rather 

by the combination  of several metals, where each metal may produce a range of effects 

in the alloy (Schwarz -Schampera, 2014) (CRM_InnoNet, 2015). Accordingly, any 

substitution would be associated with a price and/or performance penalty. In general there 

appears to be little  economic or technical incentive to substitute antimony in its principal 

applications.  

 

1.4  Supply  

 EU supply chain   

The flows of antimony through the EU economy are demonstrated in  Figure 12 . 

 

Figure 12 : Material System Analysis of antimony in 2012 , EU - 28  (Bio 

Intelligence Service, 2015)  

 

The extraction of antimony ores and the production of antimony concentrates does not 

occur in the EU. The EU is a net importer of antimony ores and concentrates with an import 

reliance of 100%.  

At processing stage, it is difficult to quantify the volume o f antimony trioxide produced in 

EU because such data are unavailable in the Eurostat Prodcom database. For this reason, 

antimony oxide trade figures from the UNComtrade were used as proxy as production 

data. Based on the quantity of antimony trioxide trade d globally in the period 2012 -2016, 

the EU countries, together with China, were among the most important exporters of 

antimony trioxide.  The EU export of antimony trioxide accounted for more than 30% of 

the average global exports for the period 2012 -2016.  

However, for the production of antimony trioxide, the EU relies on import of antimony in 

unwrought and powder form.  
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Figure 13 : Global production of antimony tri oxide, average 2012 - 2016 (UN 

Comtrade , 2019 )  

 

 

 Supply from primary  materials  

1.4.2.1  Geology, resources and reserves of antimony  

Geological occurrence:  

The most important antimony deposits, based on their antimony content, include: (1) 

greenstone -hosted quartz -carbonate veins and carbonate replacement deposits; (2) gold -

antimon y (epithermal) deposits; and (3) reduced magmatic gold systems. In many of 

these deposits, stibnite (Sb 2S3) is the principal ore mineral (Schwarz -Schampera, 2014).  

Greenstone -hosted antimony deposits are of particular economically importance. They are 

esti mated to tens of millions of tonnes in size and typically contain between 1.5 and 25% 

Sb2S3. These deposits typically comprise a stockwork of gold -antimony -quartz -carbonate 

veins hosted by metavolcanic and/or metasedimentary rocks. Carbonate replacement 

deposits are also found in some of these metasedimentary sequences (e.g. Xikuangshan, 

China), which are thought to form by hydrothermal alteration of the host material 

(Schwarz -Schampera, 2014).  

Epithermal gold -antimony deposits are generally smaller than gr eenstone -hosted deposits. 

They are typically up to 1 million tonnes in size, and have lower ore grades (up to 3.5% 

Sb2S3). The formation of these epithermal deposits is linked to the emplacement of 

magmatic porphyry copper systems in the shallow crust (upp er 1.5  km). The 

mineralisation generally takes the form of veins, or disseminations of stibnite and/or 

tetrahedrite ((Cu,Fe)12Sb4S13) in the host rocks (Schwarz -Schampera, 2014).  

Reduced magmatic gold systems are associated with the intrusion of metalumino us granite 

plutons, the mineralisation taking the form of quartz -carbonate sheeted veins, 

replacement bodies and/or skarns. The mineralisation may be enriched in several metals, 

including gold, tellurium, tungsten, arsenic and antimony. These deposits are similar in 

size to the greenstone -hosted antimony deposits, but have typically much lower grades 

(0.1 to 1.5% Sb 2S3) (Schwarz -Schampera, 2014).  
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Global resources and reserves 4 :  

Identified principal world resources of antimony are located in Australia, Bolivia, China, 

Mexico, Russia, South Africa, Turkey and Tajikistan. Additional antimony resources may 

occur in the Eastern United States (USGS, 2019).  

USGS listed countries and th e quantity of reserves of antimony  (Table 3) . The reserves 

originating from these countries were approximately 1.5  million tonnes of contained 

antimony  (USGS, 201 9). Apart from the countries listed in Table 3, reserves are known to 

exist in Myanmar, Guatemala, Iran, Kazakhstan, Laos, Pakistan, and Vietna m but there 

was no data on the quantity . 

Table 3 : Global reserves of antimony  in year 201 9  (Data from USGS , 201 9 ) .  

Country  
Antimony Reserves   

(tonnes of antimony content)  

United States  60,000  

Australia  140,000  

Bolivia  310,000  

China  480,000  

Mexico  18,000  

Russia (recoverable)  350,000  

Tajikistan  50,000  

Turkey  100,000  

 

EU resources and reserves 5:  

In Europe six countries are known to have antimony resources: France, Germany, Sweden, 

Finland, Slovakia and Greece  (Minerals4EU, 2019 ) . Most resource  figure s in Europe are 

based on historic estimates  and thus not reported in accordance with the UNFC system of 

reporting. These resources are currently considered to be  of little economic interest. Data 

for Germany are not reported beca use data collection in that country is under the 

responsibility of authorities at federal state level (Minerals4EU, 2019 ). Resource data for 

                                           
4 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of antimony in different geographic areas of the EU or globally. The USGS collects information about 
the quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template.4, which is also consistent with the 
United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 
 
5 For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve 
estimates for antimony. The Minerals4EU project is the only EU-level repository of some mineral resource and 
reserve data for antimony, but this information does not provide a complete picture for Europe. It includes 
estimates based on a variety of reporting codes used by different countries, and different types of non-
comparable datasets (e.g. historic estimates, inferred reserves figures only, etc.). In addition, translations of 
Minerals4EU data by application of the CRIRSCO template is not always possible, meaning that not all resource 
and reserve data for antimony the national/regional level is consistent with the United Nations Framework 
Classification (UNFC) system (Minerals4EU 2019).Many documented resources in Europe are based on historic 
estimates and are of little current economic interest. Data for these may not always be presentable in 
accordance with the UNFC system. However a very solid estimation can be done by experts. 
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some countries in Europe are available on the Minerals4EU (2019 ) website (see Table 4)  

but cannot be summed as they are partial and they do not use the same reporting code.   

Other than the resource estimation reported on Minerals4EU website, deposit of antimony 

was re ported in Rockliden, Sweden at 10 Mt with 0.18% Sb, (also contains 4.03% Zn, 

1.82% Cu, 52 ppm Ag, 0.06 ppm Au) (Depauw, G., 2019).  

In addition, antimony occurrences were also reported to exist in Austria, Bulgaria, Czechia, 

Hungary, Italy, Luxembourg, Port ugal, Romania, Slovenia, and Spain (Lauri et al., 2018).  

Austria was reported to have several deposits or occurrences and past production of 

antimony as either main commodity or by -product. The ProMine database estimated about 

20,000 tonnes of Sb reserves  and resources for Italy, of which 400 tonnes of antimony 

was at Su Suergiu deposit in Sardinia (Lauri et al., 2018). No information on resources 

were available concerning occurrences of antimony in Czechia, Hungary, Romania, and 

Slovenia.  

In Portugal, an timony was mined until 1967, when the Barroca da Mina/Barroca da Santa 

mine was closed. Portuguese deposits were estimated to have 17,700 tonnes of remaining 

resources of of antimony (Lauri et al., 2018).  

In Bulgaria, an exploration activity for gold -antim ony deposits took place in 2017. 

According to the reported exploration license, the estimated total endowment of antimony 

from these deposits was 124,000 tonnes.   

Table 4 : Resource data for the EU compiled in the European Minerals Yearbook 

of the Minerals4EU website (Minerals4EU, 2019 )  

Country  Reporting 

code  

Quantity  Unit  Grade  Code Resource 

Type  

France  None  26,250  t  Metal 

content  

Historic Resource 

Estimates  

Greece  UGSG 90  kt  2.5%  Indicated  

Slovakia  None  3.206  Mt  1.71% sub -

economic  

-  

Finland  none  0.3  Mt  0.41%  Historic Resource 

Estimates  

Sweden  Historic  17  Mt  0.06%  Historic Resource 

Estimates  

1.4.2.2   World and EU mine production  

During the period 2012 -2016, the world annual production of antimony ores and 

concentrates reached about 162 ,000  tonnes per year .  China was the largest supplier o f 

antimony ores and concentrates, producing 119 ,000  tonnes  or approximately 74% of the 

global production. Tajikistan followed behind China with an annual production of 12 ,900  

tonnes , co nstituting 8% of the global production . Russia, Myanmar, and Bolivia were the 

third, fourth, and fifth biggest global producers of antimony ores and concentrates during 

the period 2012 -2016, producing in total 10% of world production of ores and concentrat es 

(WMD, 2019). There is no EU production of antimony (WMD, 2019)  (Figure 14 ) .  

In 2016, several new antimony mine projects were being evaluated and devel oped in 

Armenia, Australia, Burma, Canada, China, Georgia, Italy, Laos, Russia, South Africa, and 

Turkey. In Oman, a producer announced plans to construct an antimony smelter that 

would have the capacity to produce 20,000 tonnes per year of antimony metal and oxide 

(Roskill General News, 2019) . The Omani antimony project would be the largest antimony 

roaster outside of China.  In 2018, a company in the United States announced the re -

opening of two of its mines in Mexico (USGS, 2019). In the next several year s after 2018, 
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antimony mining in the Guizhou Province was expected to be limited as a part of the 

Chinese Governmentôs mining industry reforms aiming to reduce mine overproduction 

(USGS, 2019).  

 

Figure 14 : Global mine production of antimony. Average for the years 2012 -

2016. (WMD, 2019)  

 Supply from secondary materials/recycling  

Secondary antimony can be found in two main types of sources: in waste from processing 

antimony bearing materials as well as in end of life products from ur ban mines and 

manufacturing residues ( Sundqvist Oeqvist, Pr. Lena et al., 2018) .  

The global end -of - life (EoL) recycling rate for antimony is estimated to be between 1 and 

10% (UNEP, 2013). The Raw Materials Supply Assessment (RMSA) study, undertaken by 

BIO  by Deloitte in 2015, suggests that the EoL recycling rate in the EU for antimony is as 

high as 28% (BIO by Deloitte, 2015). Secondary antimony is chiefly recovered from lead -

acid batteries. Therefore , the availability of secondary antimony is almost entir ely 

dependent on the extent of lead recycling and the market conditions for lead and lead -

acid battery scrap. S ince the s upply of primary antimony is heavily concentrated in a few 

countries, the recovery of secondary antimony is an important part of the su pply chain in 

countries  like, fo r example , the United States, Japan, Canada and the EU. On a global 

scale, it was estimated, that in 2010 the secondary production of antimony accounted for 

about 20% of total antimony supply ( Sundqvist Oeqvist, Pr. Lena et al., 2018) . 

In the EU, there are companies dealing with secondary antimony. Umicore is a company 

headquartered in Belgium , which recovers antimony from end -of - life batteries, mostly 

from electric cars. Solvay in France recycles halophosphate from spent flu orescent 

batteries ( Sundqvist Oeqvist, Pr. Lena et al. ,2018) .  

Antimony used in the manufacture of plastics and flame retardants is generally not 

recovered because antimony is dispersed in these products (Schwarz -Schampera, 2014). 

However, antimony could potentially be recovered from the bottom ash resulting from the 

incineration of some of these products at their end -of - ife stage, but this currently does not 

appear to be economically viable (BraibantC., 2017).  
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Table 5 : Material flows relevant to the EOL - RIR of antimony 6  

MSA Flow Value (t) 

B.1.1 Production of primary material as main product in EU sent to processing in EU 87312 

B.1.2 Production of primary material as by product in EU sent to processing in EU 0 

C.1.3 Imports to EU of primary material 236303 

C.1.4 Imports to EU of secondary material 0 

D.1.3 Imports to EU of processed material 81142 

E.1.6 Products at end of life in EU collected for treatment 130813 

F.1.1 Exports from EU of manufactured products at end-of-life 193 

F.1.2 Imports to EU of manufactured products at end-of-life 2847 

G.1.1 Production of secondary material from post consumer functional recycling in EU 
sent to processing in EU  0 

G.1.2 Production of secondary material from post consumer functional recycling in EU 
sent to manufacture in EU  4861 

 Processing  of Antimony  

There is no official data on the global production of antimony products. Based on the 

estimation from the global trade data, the quantity of antimony contained in antimony 

wrought and powders supplied to the market in the period 2012 -2016 was 45,700 tonnes 

per year. The main suppliers of antimony wrought and powders, are China (79%) followed 

by Vietnam (9%) and India (4%) (Comtrade, 2019). This figure w as estimated from the 

export figures of antimony wrought and powders from Comtrade.  

However, when interpreting these trade figures, there are uncertainties about the possible 

ñRotterdam effectò, i.e. some countries re-exports of antimony products appear 

m isleadingly as production figures.   

 

1.5  Other considerations  

 Environmental and health and safety issues  

A range of antimony -bearing substances fall within the EUôs Regulation on the Registration, 

Evaluation, Authorisation and Restriction of Chemicals (REACH), which came into force in 

2007 albeit with a phased implementation.  

1.6  Comparison with previous EU asse ssments  

The assessment has been conducted using the same methodology as for the 2017 list.  

In  criticality assessment 2014, supply risk of antimony was assessed at mine stage, with 

trade figures referring to antimony ores and concentrates. At the CRM asses sment 2017, 

the supply risk of antimony was assessed only at processing stage, focusing on unwrought 

antimony , which was considered a bottleneck for the EU  supply . Since there was no data 

on global supply of unwrought antimony , the  trade data (UN Comtrade)  for unwrought 

antimony was used as a proxy of production capacity. The figure of unwrought antimony 

exported from the EU, however, was omitted from the global picture of production 

capacity, since the EU relied 100% on import s of antimony ores and concent rates as raw 

materials. This consideration was reflected on the high supply risk value in CRM 2017. In  

criticality assessment 2020, supply risk of antimony was calculated at  both mine stage 

and refined stage . Following the  input from experts , in  criticalit y assessment 2020, supply 

                                           
6 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2) 
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risk of refined antimony was assessed for  the sum of  unwrought antimony and antimony 

oxides . The assessment also  took into account the EU production capacity  (Braibant, C., 

2019) . Th e taken approach  resulted in a lower supply risk value  at refined stage since the  

global supply is less concentrated and the EU has a  production capacity. The supply risk 

value for antimony is higher at mine stage, the stage where the EU has no production and 

therefore re lies 100% on imports from extra -EU countries.  Therefore, the supply risk figure 

reported in Table 6 refers to mine stage.    

The economic importance of  antimony showed a higher value in comparison with criticality 

assessment 00000000000000000000 2017, while the end uses in the EU remained the 

same. The increase economic importance parameter in 2020 can be explained by the 

change in the value added of the sectors for which antimony is assigned.  

The results of the current criticality assessment and earlier assessments are shown in 

Table 6.  

Table 6 : Economic importance and supply risk results for antimony  in the 

assessments of 2011, 2014 , 2017 , 2020  (European Commission, 2011; 

Euro pean Commission, 2014 ; European Commission, 2017 )  

Assessment  2011  

 

2014  

 

2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Antimony  5.84  2.56  7.07  2.54  4.3  4.3  4.77  2.01  

1.7  Data sources  

Data for the production of processed antimony (unwrought antimony and antimony oxides) 

are not available at global level. Therefore, the calculation of supply risk at processing 

stage was done using trade data from UN -Comtrade as a proxy, which is an appro ach that 

has to be carefully interpreted due to the possible óRotterdam effectô. In exceptional cases, 

certain production figures may be overestimated as re -exports might be counted as 

antimony production.  
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2 BARYTE 

2.1  Overview  

 

Figure 15 : Simplified value chain for baryte  for the EU, averaged over 2012 -

2016 7 

Baryte (or barite)(chemical symbol Ba) is a naturally occurring barium sulphate mineral 

(BaSO 4). It is inert, non - toxic and almost insoluble in water. Baryte has a high density, of 

4.5 g/cm 3, a high fusion point (1,580°C) and brightness, and a low oil absorption. Baryte 

is commonly white, or colourless, but can appear in various colours, like grey or black, 

depending on the  presence of impurities.  

The assessment has been conducted at the extraction stage. We consider a BaSO 4 content 

of 98% in barytes ores and concentrates, based on the hypothesis of the minimum purity 

for industrial grade for export purpose. Data sources ar e WMD (2019) for production (in 

kg of BaSO 4) and COMEXT (CN 25111000) for trade.  

  

Figure 16 : End uses and EU sourcing of barytes  ( Average 2012 to 2016 ) 8  

Over the 2012 -2016 period, the global production of baryte decreased by about 14%. The 

leading global supplier is China, with an average share of 38% in the world production, 

                                           
7 JRC elaboration from multiple sources, see next sections.  
8 JRC elaboration from multiple sources 
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followed by India, with 12%. Export restrictions to barytes are applied by China and 

Vietnam (OECD, 2019).  

In the EU, the only mining activities are in Germany (primary) and Bulgaria (reworking 

tailings). The much cheaper imports from India and China make domestic mining a rather 

unattractive option. Over the 2012 -2016 period, the EU imports of baryte diminished by 

27%, while the exports only had small fluctuations. Import reliance for baryte is 70%.  

Being baryte used extensively in the oil industry as a weighting agent for drilling muds, its 

worldwide market developments are strongly related with those of the oil industry, i.e. 

most likely a diminishing demand on the medium and long term, resulting in excess supply.  

The price of baryte ores have a slightly decreasing trend in China, which is reflected also 

in the US price of the ground baryte, at around 180 US$ per tonne in 2018.  

The EU annual average consumption of baryte is 506,410 tonnes per year, averaged over 

20 12 -2016. Its sourcing is mainly from outside EU: China (38%) and Morocco (28%), but 

25% comes from EU member states, out of which Germany is the major provider (10% of 

the total EU sourcing).  

Baryte is mainly used as a weighting agent (about 60% of end use s) or to elevate 

hydrostatic pressure to counteract high -pressure zones during drilling activities. The high 

specific gravity of baryte makes it suitable for a wide range of industrial, medical, and 

manufacturing uses.  

Several substitutes are available fo r these applications, but for the moment they are either 

economically less attractive (for drilling), or have inferior quality (for fillers) or they are 

not safe (for medical applications).  

Various sources estimate the EU reserves of barytes to be around 1 3.1 million tonnes (in 

Ba content), while at the global level these are projected at 380 million tonnes.  

According to SCREEN, baryte is present in small deposits in various EU countries (Belgium, 

Bulgaria, Croatia, Czech Republic, France, Germany, Ireland,  Italy, Poland, Portugal, 

Romania, Spain and Sweden). In Portugal, a proved mineral reserve of 112,000 tonnes 

for baryte is found in the Serras da Mina Fe -Mn-baryte mine.  

2.2  Market analysis, trade and prices  

 Global market analysis and outlook  

The World Mini ng Data reveals a clear decreasing trend in the world production of baryte, 

more precisely a decline by 14% over the 2012 -2016 period. The biggest global supplier 

is China (32%), followed by India (12%), Morrocco (10%), Iran (8%), Kazakhstan (7%), 

Turkey a nd Unites States, with 6% of the world production each.  

The consumption in ñdrilling mud" - and therefore of baryte -  fluctuates from year to year, 

as it is correlated with the amount of exploration drilling for oil and gas, which in turn 

depends, among ot hers, on oil and gas prices.  

 

 

Table 7 : Qualitative forecast of supply and demand of barytes  

Materials  
Criticality of the 

material in 
2020  

Demand forecast  Supply forecast  
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Yes No 5 years  10 years  20 years  5 years  
10 

years  
20 

years  

Baryte  x   +  + -  -+  + -  + -  ? 

 

We have found no reliable demand and supply forecasts for the next 5, 10 and 20 years 

from industry experts or from the literature. Nonetheless , we expect the baryte demand 

to follow global energy trends. In the medium term, the world demand for oil is likely to 

keep growing, although the rate of growth is slowing down (IEA, 2019) . However, the 

implementation of climate change policies is likely to impact the demand of oil in the 

energy mix, substantially diminish ing its share. From this perspective, on medium and 

longer term one could expect rather a moderation of demand for baryte, resulting 

eventually in excess supply.  

For the moment, baryte continues to be the preferred commodity for usage in drilling. 

Nevertheless, the availability of a large number of substitutes might influence its future 

market developments.  

 EU trade  

Over the 2012 -2016 period, the EU imports of ba ryte diminished by 27% (almost 141,000 

tonnes per year). Over the same time period, the exports only showed small fluctuations, 

remaining stable around 80,000 tonnes per year. These developments resulted in a 

decreasing trend of net imports.  

The EU imports  of baryters were mainly from China, Morocco, and Turkey. Free Trade 

Agreements between EU and Morocco, Turkey, Tunisia, Norway are in place.  

 

Figure 17 : EU trade flows for barytes  ( Averaged over the 2012 - 2016 ) (Eurostat, 

2019b)  
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Figure 18 : EU imports of barytes. Average 2012 - 2016 (Eurostat 2019b)  

 Prices and price volatility  

Prices for Chinese drilling grade barytes have decreased over the past five years, from 

131 -135 US D per tonne FOB China in 2012 to 80 -90 US D per tonne by the end of 2017.  

Beyond the extraction stage, the price of baryte depends on the degree of processing, 

which is determined by use/end -use and its quality requirements. Drilling -grade baryte 

has typically the lowest price. Filler app lications command higher prices due to the required 

physical processing (by grinding and micronising), and there are further premiums for 

whiteness and brightness and colour (The Barytes Association, 2016).  

As estimated by USGS, for the year 2017 and 2018 , the price for ground baryte is about 

180 USD/tonne FOB, but over the 2012 -2016 period has fluctuated, with an overall slightly 

decreasing trend ( Figure 19 ).  

 

 

Figure 19 . Prices of baryte, ground (US D per tonne) from 2012 to 2018 (Data 

from USGS)  

Due to its main application for drilling, the key driver for the baryte market is the evolution 

of oil and gas exploration (following trends in the fossil fuel production, influenced by the 
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rise in global demand for energy, and its composition). Fast -growi ng economies like China 

and India are expected to be the main contributors to the increasing global demand of oil 

and gas, due to the increasing energy consumption accompanying their rapid 

industrialization and urbanization.  

2.3  EU demand  

  EU demand and consu mption  

Over the period 2012 -2016, the EU consumed on average about 506,000 tonnes per year 

of barium contained in baryte.  

Net trade as a percentage of apparent consumption (i.e. the import reliance) for baryte is 

70% on average for that period.  

 Uses and end -uses of barytes in the EU  

Baryte is primarily used as a weighting agent in drilling fluids or ñdrilling mudsò for oil and 

gas wells, where baryteôs high specific gravity assists in containing pressures and 

preventing blowouts. Ground baryte is combined  with bentonite, water, and other 

materials to manufacture ñmudò which is pumped down the drill hole. Drilling muds remove 

cuttings up to the surface, while cooling and lubricating the drill bit (Schlumberger, 2013). 

In drilling muds, the current standard is the API (American Petroleum Institute) 

specification 13A 4.1 or 4.2. New standards are under discussion.  

Baryte is also used as a heavy filler in rubber, paint and plastics applications. The 

automotive industry mostly uses baryte as a soundproofing mat erial in moulded 

components, floor mats, and in friction products such as breaks and clutches pads. In the 

construction sector, baryte is used for the production of building materials or of special 

types of concrete having x - ray protection and sound insula tion. Baryte is used as filler in 

asphalt, in high quality primers and anti - corrosion coatings, abrasion - resistant paint such 

as bituminous paints etc. (Mineralia, 2016).  

In the chemical industry baryte is used for the preparation of barium compounds, not ably 

barium carbonate (BaCO 3). The latter is used in the production of special glass, as an 

ingredient in high - fire glazes, and in the brick and tile industry (BRGM, 2014). BaCO 3 is 

increasingly used in electronic components, such as electronics ceramics a nd capacitors. 

Another barium compound, barium meal (barium sulphate), is used in radio -diagnosis.  

In the EU, the oil and gas production accounted for more than half of the baryte 

consumption, while the remainder went to the chemicals and filler (The Bary tes 

Association, 2016)( Figure 20 ).  
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Figure 20 : EU  end uses of baryte. Average figures for 2012 - 2016  ( SCRREEN , 

2019) .  

The relevant industry sectors are described using the NACE sector codes in Table 8. 

Table 8 : Baryte applications, 2 - digit and ass ociated 4 - digit NACE sectors, and 

value added per sector (Eurostat, 2019b)  

Applications  2 - digit NACE sectors  4 - digit NACE 

sectors  

Value added of 

sector  

(M ú) 

Weighting agent in 

oil and gas well 

drilling fluids  

C23 -  Manufacture of other 

non -metallic mineral 

products  

C23.9.9 -  

Manufacture of 

other non -

metallic mineral 

products n.e.c.   

57,255  

Filler in rubbers, 

plastics, paints  

C22 -  Manufacture of 

rubber and plastic 

products  

C22.1.1 -  

Manufacture of 

rubber tyres and 

tubes; 

retreading and 

rebuilding of  

rubber tyres   

75,980  

C22.2.1 -  

Manufacture of 

plastic plates, 

sheets, tubes 

and profiles   

Chemical industry  C20 -  Manufacture of 

chemicals and chemical 

products  

C20.1.3 -  

Manufacture of 

other inorganic 

basic chemicals   

105,514  

 

 Substitution  

Substitutes for baryte used as a weighting agent for the oil and gas industry include 

hematite (Fe 2O3), ilmenite (FeTiO 3), calcium carbonate (CaCO 3), but they are economically 

less attractive than baryte. For this application, baryte has currently a market  share over 

99%. Hematite has a higher density and can be used to reduce the solidsô percentage for 

rheology control, and ilmenite can be used when drilling activities take place close to a 

cheap supply source ( Schlumberger, 2014; Huxtable, 2016).  
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For fil lers, the main substitutes of baryte are calcium carbonate and clays (kaolin, talc), 

which are widely used for general purpose fillers where quality or technical considerations 

are less stringent. In fact, they do not match baryte quality in heaviness, sou nd proofing 

and radiation shielding.  

There are various acceptable substitutes for barium carbonate in several applications in 

the chemical sector. Strontium carbonate is sometimes used as a substitute in ceramic 

glaze. There is no alternative to barium carbonate in dielectrics, and no safe su bstitute for 

medical applications.  

2.4  Supply  

 EU supply chain  

The EU production of baryte over the years 2012 -2016 is around 149,000 tonnes per year 

(BaSO 4) (World Mining Data, 2019). The main EU producer is Germany (41% of total EU 

production), with an aver age of 60,500 tonnes per year for the same period.  

 Supply from primary materials  

2.4.2.1  Geology, resources and reserves of baryte  

Geological occurrence:  

Baryte deposits are classified into three major types: stratiform, vein, and residual 

deposits. Stratiform (or bedded) deposits are the dominant source of industrial baryte. 

They are formed by the precipitation of baryte at or near the seafloor of sedimentary 

basins (sedimentary -exhalative or óSEDEXô deposits). These deposits are often associated 

with volcanic -hosted massive sulphide mineralization (mainly zinc - lead). Individual beds 

can range from massive to laminated or fine -grained, and may have a baryte content 

between 50% and 95% which is often greyish to dark -grey in appearance. In vein deposits, 

baryte fo rms by precipitation from hydrothermal fluids or deep -seated brines in faults, 

fractures and cavities. This type of baryte varies in colour from white to yellowish and is 

often iron -stained. Residual deposits are formed by the dissolution of the host rock of the 

stratiform or vein deposits, leaving irregular masses of baryte in a clay matrix (BGS, 2005; 

NSW Department of Industry, 2009).  

Global resources and reserves   

There is no single source of comprehensive evaluations of resources and reserves of baryte  

in different geographic areas of the EU, or globally). The USGS collects information about 

the quantity and quality of mineral resources but does not directly measure reserves, and 

companies or governments do not directly report reserves to the USGS. Indi vidual 

companies may publish regular mineral resource and reserve reports, but reporting is done 

using a variety of systems depending on the location of their operation, their corporate 

identity and stock market requirements. Translations between national reporting codes 

are possible by applying the CRIRSCO template 9. which is also consistent with the United 

Nations Framework Classification (UNFC) system. In any case, reserve and resource data 

are updated continuously with the evolutions of exploration and mining, which are in turn 

influenced by market conditions.  

The USGS (201 9) estimated around 740 million tonnes of (identified) resources and 3 20 

million tonnes of reserves, of which half are located in China and Kazakhstan ( Table 9).  

                                           
9 www.crirsco.com 
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Table 9 : Global reserves of baryte in 2015 (Data from USGS, 201 9 )  

Country  
Estimated Baryte Reserves 

(tonnes)  

Percentage of total 

(%)  

China  36,000,000  11  

Kazakhstan  85,000,000  27  

Turkey  35,000,000  11  

India  51,000,000  16  

Iran  24,000,000  8 

USA NA NA 

Morocco  NA NA 

Mexico  NA NA 

Pakistan  30,000,000  9 

Other countries  29,000,000  9 

World Total (rounded)  320,000,000  100  

 

EU resources and reserves   

For Europe, there is no complete and harmonised dataset that presents total EU resource 

and reserve estimates for baryte. Many documented resources in Europe are based on 

historic estimates.  

Table 10 : Resource data for th e EU compiled in the European Minerals Yearbook 

(Minerals4EU, 2019 )  

Country  Reporting code  Quantity  Unit  
Code Resource 

Type  

Czech 

Republic  

National reporting code  0.57  Mt  Potentially economic  

France  None  8.8 (BaSO 4)  Mt  Historic Resource 

Estimate  

Hungary  Russian Classification  86  Mm 3 C2 

Ireland  None  1.65  Mt  Historic Resource 

Estimate  

Italy  None  3.5  Mt  Historic Resource 

Estimate  

Poland  National reporting code  5.66  Mt  A+B+C1+C2  

Serbia  JORC 1 Mt  Total  

Slovakia  None  3.45  Mt  Verified (Z1)  

Spain  None  9.99  Mt  Historic Resource 

Estimate  

United 

Kingdom  

None  22  Mt  Total  

 

USGS (Mineral Commodity Summary, various editions) does not provide data on reserves 

in EU countries since 2014. Before 2014, reserves data were provided for Germany, the 

UK, France and Bulgaria (13.1  Mt of baryte for these four countries in 2005 ï not exp ected 

to have evolved since). The Mineral Profile ï Barytes from BGS (2005) provides the same 

data as USGS.  

Resource and reserve data for some countries in Europe are available in the Minerals4EU 

(2019 ) website, but they cannot be summed up as they are partial and do not use the 

same reporting code ( Table 10  and Table 11 ).  
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According to SCRREEN, baryte is present in small deposits in various EU countries 

(Belgium, Bulgaria, Croatia, Czech Republic, France, Germany, Ireland, Italy, Poland, 

Portugal, Romania, Spain, Sweden). In Portugal, a proved min eral reserve of 112,000 

tonnes for baryte is present in the Serras da Mina Fe -Mn-baryte mine. In the other EU 

countries mentioned, no data on reserves is available: in these cases, reserves are 

considered null (SCRREEN, 2019).  

Apart from the German (prima ry) and the Bulgarian (reworking tailings reworking) mines, 

no other mine is operating in the EU due to the competition with much cheaper imports 

from India and China.  

Table 11 : Reserve data for the EU compiled in the European Miner als Yearbook 

(Minerals4EU, 2019 )  

Country  Reporting code  Quantity  Unit  Code Reserve 

Type  

Croatia  National reporting 

code  

185.9  kt  No code  

Slovakia  None  633  kt  Verified (Z1)  

Spain  N/A  Reserves known to exist   N/A  

 

2.4.2.2  World and EU mine production  

World production of baryte is broadly linked to oil -well drilling activity and has increased 

from around 6 to 6.5 million tonnes per year in the early 2000s to 9.1 million tonnes per 

year in 2016. China is the largest baryte producer, contributing with an averag e of 3.7 

million tonnes  per year over the period 2012 -2016 ( see Figure 21 ).  

Nevertheless, Chinaôs averaged share in the world production of barytes has decreased 

from 44% to 38% as compared to the average in 2010 -2014 (CRM 2017). The second 

biggest supplier of baryte is India, which has also diminished its share in world production, 

from 18% to 12%. In return, several countries have increased their shar e in global baryte 

production over the period 2012 -2016: Iran (from 4% to 8%), Kazakhstan (from 5% to 

7%), Turkey (from 3% to 6%), and Russian Federation (from <1% to 2 %).  

The EU accounts for almost 2% of the world production of barytes averaged over the 2012 -

2016 period. Within the EU27, besides Germany, baryte is mined in Bulgaria and Slovakia. 

Since 2016, Bulgaria became the major producer and in 2017 accounted for 56% of EU27 

production of baryte.  

  

Figure 21 : Global and EU mine production of baryte, average 2012 ï2016 (WMD, 

2019)  
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The EU sourcing relies mainly on two extra -EU countries -  China (38%) and Morocco 

(28%). Nevertheless, one quarter of the EU sourcing comes from domestic supply, out of 

which Germany is the major pro vider (10% of the total EU sourcing) ( Figure 21 ).  

 Supply from secondary materials/recycling  

Baryte is barely re -used. As baryte only constitutes a smal l percentage of the total cost of 

any drilling project, only a very small quantity is recycled for re -use beyond the amount 

recovered at drill sites (U.S. Department of the Interior & USGS, 2014). In most other 

applications, baryte is not recovered at all (as in fillers, etc.) and cannot be recycled. An 

exception is the use of baryte in glass during glass recycling.  

In the current assement, the end -of - life recycling input rat for baryte is considered 1%, 

as in the previous assessment and confirmed by SCRREE N experts (2019).  

 Processing of baryte  

After natural barytes are extracted they are usually sorted through physical separation 

from other compounds (e.g. gravity separation or flotation methods) and crushed, on or 

near the mining site, to get ground baryte s, micronized barytes, baryte aggregates, etc. 

In a few cases, additional processing may be conducted to obtain the quality and colour 

required by the specific applications.  

2.5  Other considerations  

  Environmental, health and safety issues  

The naturally occu rring mineral baryte is not subject to EU REACH regulations (ECHA, 

2017). However, the re -precipitated blanc - fixe (barium sulphate) and also the barium salts 

are subject to REACH.  

The barium content of drinking water, food, and soils is rarely high enough to present a 

human health concern and no adverse toxicological effects of barium on plants or wildlife 

have been reported near baryte mines or elsewhere (USGS, 2017) 10 .  

  Socio - economic issues  

We find no specific information about socio -economic issues relat ed to barytes. 

Nevertheless, we suspect that for the major world producers -  China and India -  economic 

implications of baryte production might be relevant, especially in terms of jobs at the local 

and regional levels.  

2.6  Comparison with previous EU assessmen ts  

The assessment has been conducted at the extraction stage, using the same methodology 

as for the 2017 list.  

The results of this and of earlier assessments are shown in Table 12 .  

Table 12 : Economic importance and supply risk for baryte in the assessments of 

2011, 2014, 2017, 2020 (European Commission, 2011 - 2014 - 2017 ) ..  

 2011  
 

2014  
 

2017   2020  

Indicator  EI  SR EI  SR EI  SR  EI  SR 

                                           
10 https://pubs.usgs.gov/pp/1802/d/pp1802d.pdf 
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Baryte  3.7  1.7  2.8  1.7  2.9  1.6   3.3  1.26  

 

Compared to the previous assessment, the economic importance has increased, while the 

supply risk is lower.  

2.7  Data sources  

 Data sources used in the factsheet  

BGS (2005). Mineral profiles: Barytes. [online] Available at: 

http://www.bgs.ac.uk/mineralsUK/statistics/mineralProfiles.html  

BGS (2019). World Mineral Production 2012 -2016. [online] British Geological Survey, 

Available at: http://www.bgs.ac.uk/mineralsuk/statistics/home.html  

BRGM (2014). Mémento Barytine. Rapport BRGM/RP -63974 -FR. 

http:// infoterre.brgm.fr/rapports/RP -63974 -FR.pdf  

Duntanlich Mine (2014). Duntanlich Background. [online] Available at: 

http://duntanlich.com/  

ECHA (2019). Registered substances. [online] available at: https://echa.europa.eu/  

European Commission (2011). Critical raw materials for the EU. [online] Available at: 

https://ec.europa.eu/gr owth/sectors/raw -materials/specific - interest/critical_en  

European Commission (2014). Report on Critical Raw Materials for the EU. Non -Critical 

Raw Materials Profiles [online] Brussels European Commission, Available at: 

http://ec.europa.eu/growth/sectors/raw -materials/specific - interest/critical/  

European Commission (2019). Free trade agreements. [online] Available at: 

http://ec.europa.eu/trade/policy/countries -and - regions/agreements/  

Eurostat (2019)a. International Trade Easy Comext Database [online] Available at: 

http: //epp.eurostat.ec.europa.eu/newxtweb/  

Eurostat (2019)b. Annual detailed enterprise statistics for industry (NACE Rev. 2, B -E). 

[online] Available at: http://ec.europa. eu/eurostat/en/web/products -datasets/ -

/SBS_NA_IND_R2  

Huxtable (2016 & 2017). The Barytes Association. Personal communication, 2016 & 2017.  

IEA (2019), Oil 2019  Analysis and forecasts to 2024, available at: 

https://www.iea.org/oil2019/  

 

Mineralia (2016). Applications. [online] Available at: 

http://mineralia.es/en/sectors/construction.html  

Minerals4EU (2019). European Minerals Yearbook. [online] Available at: 

http://minerals4eu.brgm - rec.fr/m4eu -yearbook/theme_selection.html  

OECD (2019). OECD Export restrictions on Industrial Raw Materials. [online] Available at: 

http://qdd.oecd.org/subject.aspx?Subject=ExportRestrictions_IndustrialRawMaterials  

Schlumberger (2014). Technical Paper: Alternative Drilling Fluid Weighting Agents: A 

Comprehensive Study on Ilmenite and Hematite. [onlin e] Available at: 

http://www.slb.com/resources/technical_papers/miswaco/167937.aspx  

http://www.bgs.ac.uk/mineralsuk/statistics/home.html
http://infoterre.brgm.fr/rapports/RP-63974-FR.pdf
http://duntanlich.com/
https://echa.europa.eu/
https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en
http://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical/
http://ec.europa.eu/trade/policy/countries-and-regions/agreements/
http://epp.eurostat.ec.europa.eu/newxtweb/
http://ec.europa.eu/eurostat/en/web/products-datasets/-/SBS_NA_IND_R2
http://ec.europa.eu/eurostat/en/web/products-datasets/-/SBS_NA_IND_R2
https://www.iea.org/oil2019/
http://minerals4eu.brgm-rec.fr/m4eu-yearbook/theme_selection.html
http://qdd.oecd.org/subject.aspx?Subject=ExportRestrictions_IndustrialRawMaterials
http://www.slb.com/resources/technical_papers/miswaco/167937.aspx


35  

 

The Barytes Association [(2016 & 2017 (P. Huxtable, personal communication)]. [online] 

Available at: http://www.barytes.org/  

U.S. Department of the Interior & USGS (2014) ðA Case Study of Import Reliance on an 

Essential Material for Oil and Gas Exploration and Development Drilling, Scientific 

Investi gations Report 2014 ï5230  

USGS (2019). Mineral Commodity Summaries. Barite. [online] Available at: 

https://www.usgs.gov/centers/nmic/mineral -commodity -summaries  

SCRREEN worksho p. (2019). Validation Workshop on Critical Raw Materials, 10 -12 

September 2019, Thon Hotel Brussels City Centre.  

WMD (2019) World Mining Data 2019, Reichl, C.; Schatz, M; Zsak, G. Iron and Ferro Alloy 

Metals, non Ferrous Metals, Precious Metals, Industrial  Minerals, Mineral Fuels. Austrian 

Federal Ministry of Sustainability and Tourism. [online] Available at: 

www.en.bmwfw.gv.at/Energy/WorldMiningData/Seiten/default.aspx  

 

 Data sources used in the criticality assessment  

Baker, H. (2006). Drilling Fluids Reference Manual. [online] Available at: 

http://www.fanarco.net/books/drilling/Drilling_Fluids_Reference_Manual.pdf  

Barytine et Minéraux (2016). Eric Tardif, director, Personal communication, Now ETHIC 

SAS, 36310 Chaillac, France.  

BGS (2019). World Mineral Production 2012 -2016. [online] British Geological Survey, 

Available at: http://www.bgs.ac.uk/mineralsuk/statistics/home.html  

BRGM (2014). Mémento Barytine. Rapport BRGM/RP -63974 -FR. [online] Available at: 

http://infoterre.brgm.fr/rapports/RP -63974 -FR.pdf   

Ciullo, Peter A., (1996). Barite,pp 21 -23, in Ciullo P.A.(Ed), Industrial minerals and their 

uses: a handbook and formulary. Noyes Publications, USA. [online] Available at: 

http://rushim.ru/books/geochemie/industrial -minerals -and - their -uses.pdf  

European Commission (2014). Report on Critical Raw Materials for the EU. Non -Critical 

Raw Materials Profiles [online] Brussels European Commission, Available at: 

http://ec.europa.eu/growth/sectors/raw -materials/specific - interest/critical/  

European Commission (2016). Free trade agreements. [online] Available at: 

http://ec.europa.eu/trade/policy/countries -and - regions/agreements/  

Eurostat (2016)a. International Trade Easy Comext Database [online] Available at: 

http://epp.eurostat.ec.europa.eu/newxtweb/  

Eurostat (2016)b. Annual detailed enterprise statistics for industry (NACE Rev. 2, B -E). 

[online] Available at: http://ec.europa.eu/eurostat/en/web/products -datasets/ -

/SBS_NA_IND_R2  

INFORMED oil and gas conference (2015). Data reported by Peter Huxtable from The 

Barytes Association.  

OECD (2016). OECD Export restrictions on Industrial Raw Material s. [online] Available at: 

http://qdd.oecd.org/subject.aspx?Subject=ExportRestrictions_IndustrialRawMaterials  

Schlumberger Limited (2014). Technical Paper:  Alternative Drilling Fluid Weighting 

Agents: A Comprehensive Study on Ilmenite and Hematite. [online] Available at: 

http://www.slb.com/resources/technical_papers/miswaco/ 167937.aspx  

http://www.barytes.org/
https://www.usgs.gov/centers/nmic/mineral-commodity-summaries
http://www.fanarco.net/books/drilling/Drilling_Fluids_Reference_Manual.pdf
http://www.bgs.ac.uk/mineralsuk/statistics/home.html
http://infoterre.brgm.fr/rapports/RP-63974-FR.pdf
http://rushim.ru/books/geochemie/industrial-minerals-and-their-uses.pdf
http://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical/
http://ec.europa.eu/trade/policy/countries-and-regions/agreements/
http://epp.eurostat.ec.europa.eu/newxtweb/
http://ec.europa.eu/eurostat/en/web/products-datasets/-/SBS_NA_IND_R2
http://ec.europa.eu/eurostat/en/web/products-datasets/-/SBS_NA_IND_R2
http://qdd.oecd.org/subject.aspx?Subject=ExportRestrictions_IndustrialRawMaterials
http://www.slb.com/resources/technical_papers/miswaco/167937.aspx


36  

 

Scogings, A (2014). Drilling grade barite: the global outlook. [online] Available at: 

http://www.csaglobal.c om/wp -content/uploads/2015/03/Drilling -grade -barite - the -

global -outlook - IM -Mag-January -2015.pdf  

The Barytes Association (2016). [online] Available at: http://www.barytes.org/  

Vanderbilt Minerals (2013). Filler Minerals Reference -  A Guide to Filler Properties and 

Uses, Report N°703; 

http://www.vande rbiltminerals.com/ee_content/Documents/Technical/VR_703_Paint_Fill

er_Minerals_Reference_Web.pdf  

U.S. Department of the Interior & USGS (2014) ðA Case Study of Import Reliance on an 

Essential Material for Oil and Gas Exploration and Development Drilling, Sc ientific 

Investigations Report 2014 ï5230.  

USGS (2019). Mineral Commodity Summaries. Available at: 

https://www.usgs.gov/centers/nmic/mineral -commodity -summaries   

SCRREEN works hop. (2019). Validation Workshop on Critical Raw Materials, 10 -12 

September 2019, Thon Hotel Brussels City Centre.  

WMD (2019) World Mining Data 2019, Reichl, C.; Schatz, M; Zsak, G. Iron and Ferro Alloy 

Metals, non Ferrous Metals, Precious Metals, Industri al Minerals, Mineral Fuels. Austrian 

Federal Ministry of Sustainability and Tourism. [online] Available at: 

www.en.bmwfw.gv.at/Energy/WorldMiningData/Seiten/default.aspx  

2.8  Acknowledgments  

This factsheet was prepared by the JRC. The authors would like to than k Mrs. Corina 

Hebestreit (Euromines), the EC Ad Hoc Working Group on Critical Raw Materials (especially 

to Mr. Lluis Fontboté)  and all other relevant stakeholders for their contributions to the 

preparation of this factsheet.  

 

  

http://www.csaglobal.com/wp-content/uploads/2015/03/Drilling-grade-barite-the-global-outlook-IM-Mag-January-2015.pdf
http://www.csaglobal.com/wp-content/uploads/2015/03/Drilling-grade-barite-the-global-outlook-IM-Mag-January-2015.pdf
http://www.barytes.org/
http://www.vanderbiltminerals.com/ee_content/Documents/Technical/VR_703_Paint_Filler_Minerals_Reference_Web.pdf
http://www.vanderbiltminerals.com/ee_content/Documents/Technical/VR_703_Paint_Filler_Minerals_Reference_Web.pdf
https://www.usgs.gov/centers/nmic/mineral-commodity-summaries
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3 ALUMINIUM AND BAUXIT E 

3.1  Overview  

Bauxite is the primary raw material used to produce aluminium metal. It is a 

heterogeneous ore composed primarily of aluminium -containing minerals (gibbsite, 

boehmite and diaspore) with varying quantities of silica, iron oxides and other associat ed 

minerals. Bauxite generally contains more than 40% of aluminium oxide. Bauxite is refined 

into an intermediate product, alumina, which is then smelted into aluminium.  

 

Figure 22 : Simplified value chain for bauxite for the EU, averaged over 2012 -

2016 11  

Aluminium (chemical symbol Al) is a lightweight, silver -grey metal, and a good conductor 

of heat and electricity. Aluminiumôs superior malleability and low melting point of 660ÁC 

makes it highly workable and versatile. Also, the ab ility to form numerous alloys enhances 

its versatility. Furthermore, aluminium is highly corrosion - resistant as it develops a natural 

oxide layer, protecting it against corrosion. Another key property is that aluminium has a 

remarkable strength to weight r atio; some heat - treatable alloys offer similar performance 

to advanced steels and titanium. As a final point, aluminium is fully recyclable and reusable 

an infinite number of times. The combination of its excellent properties has made 

aluminium the second most widel y used metal in modern society (European Aluminium 

2019d) (IAI 2019e)(Hydro 2019)(Aluminium Association 2019).  

 

Figure 23 : Simplified value chain for aluminium  for the EU, averaged over 2012 -

2016  

                                           
11 JRC elaboration on multiple sources (see next sections) 
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Bauxite and aluminium ar e assessed separately in order to address bauxiteôs importance 

in the aluminium supply chain. But also the non -metallurgical applications of bauxite and 

bauxite -sourced materials to the downstream manufacturing industry. Bauxite is analysed 

at the extracti on stage, i.e. bauxite ore, and aluminium at the processing stage, in the 

form of primary aluminium. No assessment has been made for the criticality of the 

intermediate stage between bauxite and primary aluminium, namely the production of 

alumina. However,  information for alumina refining is provided in the factsheet.  

The trade codes used in this assessment are: CN  26060000 ñAluminium ores and 

concentratesò, for bauxite; CN 76011000 ñAluminium, not alloyed, unwroughtò and 

CN 76012010 ñUnwrought primary aluminium alloysò, for primary aluminium (Eurostat 

Comext 2019).  

In 2016, the value of the world production of bauxite is estimated at EUR 12.7 billion, and 

of primary aluminium at EUR 86 billion. The leading importers are China for bauxite and 

the US for unw rought aluminium. The most significant exporting countries for bauxite are 

Australia, Malaysia and Guinea, while for unwrought aluminium are Canada, Russia and 

the United Arab Emirates. Demand for primary aluminium is forecasted to remain strong 

in Europe and worldwide by 2050, increasing by 50% up to 2050 globally compared to 

2017 demand. The growth of the European demand for semi - finished aluminium is 

expected to rise strongly by a rate of 39% from 2017 to 2050, driven by transport (55% 

of growth), constr uction (28% of growth), and packaging (25% of growth).  

World market prices for primary aluminium dropped significantly by 39% over the 2007 -

2016 period. In 2018, the average annual price of aluminium rose to USD 2,108/t, i.e. a 

price increase of 31% since 2016. Nevertheless, in real terms the price a declined by about 

24% since 2007.   

  

Figure 24 : End uses  ( International Aluminium Association and literature; 

SCRREEN workshops 2019)  and EU sourcing of bauxite (average 2012 - 2016)  

(WMD 2019; E urostat  Comext 2019) .  

 

The EU consumption of bauxite was 15,406 kt per year averaged over 2012 -2016, which 

are mostly sourced through imports, mainly from Guinea (63%) and Brazil (10%). Greece 

is the leading domestic producer, contributing to EU sourcing by 12%. The import reliance 

of the EU was 87% between 2012 and 2016.  
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Figure 25 : End uses  (European Aluminium 2018a)  and EU sourcing of 

aluminium (average 2012 - 2016)  (WMD 2019; E urostat  Comext 2019) .  

 

Averaged over  2012 to 2016, the consumption of primary aluminium in the EU was 5,252 

kt, which are sourced through domestic production, mainly in Germany (10%) and France 

(7%), and through imports, mostly from Russia (17%) and Mozambique (9%). The Import 

reliance of th e EU was 59% (average 2012 -2016) (Euro Comext 2019).Approximately 90% 

of bauxite mined in the world is converted to alumina (aluminium oxide) using the Bayer 

process. Around 80 ï90% of the worldôs alumina is smelted to aluminium using the Hall-

Heroult proce ss. The typical bauxite grade useable in the Bayer process consists of 50 -

55% Al 2O3, up to 30% of Fe 2O3, and up to 1.5% of SiO 2. Bauxite is also used in refractories, 

cement, abrasives, chemicals and other minor uses. Practically, aluminium extraction of 

other ores or minerals than bauxite is not commercially available.  

Aluminium products are used in many domains, including transportation (aircrafts, 

vehicles, trains, boats, etc.), buildings and construction (windows, doors, cladding, curtain 

walls, etc.),  packaging (beverage cans, foil, food trays, boxes, etc.), high - tech engineering 

(electrical transmission lines, ladders, cylinder blocks, pistons, pulleys, etc.) and consumer 

products (domestic appliances, cooking utensils, cutlery, coins, etc.). A wide r ange of 

substitutes exists for aluminium, e.g. composite materials, magnesium, titanium and steel 

in mobility applications, steel and wood in construction, glass and plastic for packaging 

applications, copper for electrical applications.  

The aluminium ind ustry and aluminium are at the core of the implementation of the 

European Commissionôs long-term strategy for a modern, competitive, prosperous and 

climate -neutral economy by 2050 12 .  As an energy - intensive industry, aluminium 

production covers the largest p art of the greenhouse gas emissions of the EU non - ferrous 

metals sector, despite the considerable decrease of emissions achieved during the last 

years. The European aluminium sector accounted in 2016 for around 1% of the verified 

emissions of all stationar y installations of the European Union and about 2% of its 

industrial emissions (European Commission 2018).  

Further emissions reduction in the aluminium industry is achievable through new low -

carbon technologies for primary production, the shift to secondar y production through 

additional recycling, and by a decarbonised power sector. Finally, aluminiumôs unique 

properties make it a key enabler for the low -carbon and circular economy in areas such as 

the light -weighting in mobility, energy efficiency in const ruction, wind power, etc. 

                                           
12 https://ec.europa.eu/clima/policies/strategies/2050_en  

https://ec.europa.eu/clima/policies/strategies/2050_en
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(European Political Strategy Centre 2018) (European Aluminium 2019c)(European 

Aluminium 2019e).   

Estimates of world bauxite reserves are 30,000 million t, which are mainly located in 

tropical and subtropical regions. Guinea (25%) and Australia (20%) have the worldôs 

largest bauxite reserves. In the EU, Greece holds the largest exploitable bauxite deposits 

(250 million t) (USGS 2018b). Bauxite resources are also located in France, Hungary and 

Romania ( Minerals4EU 2019 ).  

The world production of bauxite is about 280 million t annually (average 2012 -2016), with 

29% mined in Australia and 20% in China. The EU mine production of bauxite is around 2 

million t per year, with 92% produced in Greece. Global alumina annual average 

production  amounts to nearly 109 million t in Al 2O3 content, and China represented 47% 

of the worldwide output. Australia (19%) and Brazil (9%) are other prominent market 

players in the world supply of alumina. The EU alumina production is 5.8 million t per year, 

wi th Ireland (30%) and Spain (25%) producing more than half (BGS 2019).  

The global primary aluminium production between 2012 and 2016 amounted to 54,628 kt 

per year. China is the worldôs largest producer of primary aluminium, making up over half 

of the worl dwide output (52%). Russia (7%) and Canada (5%) are the second and third 

world producer respectively. The EU production of primary aluminium is nearly 2,131 kt 

per year, averaged over 2012 to 2016. Germany (24%) and France (19%) are the leading 

EU producer s. Recycling represents a significant aspect of global aluminium supply, as 

more than one - third of aluminium metal that is produced globally originates from old or 

new scrap. In the EU, the ratio of recycling from old scrap to European demand for 

aluminium  (end -of - life recycling input rate) results in 12% in 2013 (Passarini et al. 2018).  

The massive expansion during the last decade of Chinese capacity in all stages of the 

aluminium value chain driven by government intervention has distorted the global 

alumi nium market substantially. Guinea, which is the main source for the EU supply of 

bauxite, has very weak governance which makes up a considerable risk to the responsible 

sourcing of bauxite and aluminium.  

3.2  Market analysis, trade and prices  

 Global market  

The geographic distribution of the aluminium industry producing centres has shifted 

significantly during the last 20 years to regions endowed with abundant bauxite or energy 

resources. New countries have emerged as significant bauxite producers (e.g. China , Brazil 

and Indonesia), while production in the global alumina industry has been relocated from 

the industrialised countries towards countries with access to plentiful and inexpensive 

bauxite sources.  

The world production of bauxite in 2016 was about 28 7,951  kt  (WMD 2019) , worth 

approximately EUR 12.7 billion 13 . In 2015, the main exporting countries were Malaysia 

(30%), Australia (23%), and Guinea (20%). Guinea is the fastest -growing exporter of 

bauxite. China accounted for 62% of world imports by weight ( see Figure 26 ).  

                                           
13 Estimation based on average price of bauxite in 2016 (EUR 44 per tonne) and the world bauxite production in 
2016 of 287,951 kt 



41  

 

  
Figure 26 : Top - 10 bauxite exporting (left) and importing (right) countries in 

2015 by weight. Data from (UN Comtrade 2019)  

 

The world production of alumina in 2016 was approximately 118,000 kt (BGS 2019) . China 

has become the largest alumina producer, but continues to import a large share of its 

bauxite needs (see Figure 26 ). As shown in Figure 27 , in 2016 the main exporting countries 

were Australia (36%) and Brazil (20%), whereas the major importers  were the United 

Arab Emirates (11%), Russia (11%) and Canada (10%).  

  
Figure 27 : Top - 10 alumina exporting (left) and importing (right) countries in 

2016 by value (UN Comtrade 2019)  

 

In the case of primary aluminium production, the shift in the geographic distribution is 

determined to a large extent by variations in energy prices. Primary output moved from 

long -established producers in the US, Japan and Europe (except Norway and Icelan d) to 

emerging ones, mostly in China, but also the Middle East and Russia. These emerging 

producers benefited from combinations of access to abundant and cheap electric power, 

favourable government policies and programs, and expanding domestic and foreign 

markets (USITC 2017). Most of the rapidly growing global smelting capacity was installed 

in China (90% of all new capacity during the last decade), as it is reflected in Figure 28 . 

The continuous increase of aluminium -smelting capacity has led to a decline in world prices 

of both primary aluminium and downstream exported aluminium products (EC 2018a). In 

2018, China accounted for 57% of the world's supply of primary alum inium, up from 11% 

in 1999 (IAI 2019d). The overwhelming expansion of Chinaôs primary production has also 
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driven the massive build -up of Chinaôs refining capacity for alumina (Aluminum Association 

et al. 2018).  

  

 

Figure 28 . Growt h of primary aluminium production by global region, 1999 -

2018 (in thousand t) (IAI 2019d)  

A recent report by the Organisation for Economic Cooperation and Development (USGS, 

2019b), has highlighted government interventions to the aluminium industry and the  

related market distortions in the global aluminium value chain. The report concludes that 

non -market forces appear to explain some of the increases in capacity in the aluminium 

sector and that the associated market distortions are a genuine concern for th e aluminium 

industry. According to the findings of the study, government support is common 

throughout the aluminium value chain as all companies examined in the study received 

support in financial or non - financial form. Government intervention is relativel y large in 

aluminium smelting and exceptionally large in China and countries of the Gulf Cooperation 

Council. The report asserts that of the documented subsidies provided to the 17 

international companies examined, 85% has gone to five Chinese companies. M assive 

government support to the rapidly growing aluminium smelting industry in China is mostly 

in the form of energy subsidies and concessional finance.  

Another key finding of the study is that apart from direct state support upstream in the 

value chain, trade measures such as Chinaôs export taxes on primary aluminium and 

incomplete value -added tax (VAT) rebates on exports of certain aluminium products has 

benefited downstream producers of semi - finished and fabricated articles of aluminium. 

Export restrict ions discourage exports of primary aluminium, therefore making aluminium 

cheaper to producers of semis in China than it would otherwise have been and facilitating 

their exports due to a cost advantage over global competition.  
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The world production of prima ry aluminium in 2016 was about 58,649 kt (WMD 2019) 

worth approximately EUR 86 billion 14 . The US (18%) was the largest recipient of 

unwrought aluminium, followed by Germany (11%) and Japan (9%). As regards exports, 

Canada (12%), Russia (12%), and the United  Arab Emirates (11%) were the leading world 

suppliers of unwrought aluminium in 2016 (  

Figure  29 ).  

  
 

Figure 29 : Top - 10 unwrought aluminium exporting (left) and importing (right) 

countries in 2016 by value (UN Comtrade 2019)  

 

Another distinctive feature of the global aluminium industry that has changed during the 

last decades is the degree of concentration and integration a t the company level. Currently 

many producers are not fully integrated with upstream and downstream stages in the 

value chain as they used to be with vertically integrated companies having assets from 

bauxite mining to aluminium smelting and further downst ream (Nappi 2013).  

As regards the exports restrictions imposed by the top -producing countries in 2017 for 

bauxite, Guinea had in place an export tax of 2%, and India an export tax of 15% along 

with a captive mining measure. China eliminated an export quot a in 2013. For alumina, 

no restrictive measures to exports were imposed by the major producing countries in 2017. 

For unwrought aluminium, China applied an export tax of 15% in 2017, for both HS6 codes 

760110 and 760120. An export tax of 1.25% imposed to e xports of unwrought aluminium 

alloys (HS 760120) by the Russian Federation was effective until August 2016 (OECD 

2019a).  

 Outlook for supply and demand  

Consumption of bauxite and alumina follows the trend of aluminium production closely. 

World consumption o f alumina for non -metallurgical uses is expected to increase slightly, 

attributable to continued growth in consumption of aluminium -hydroxide -based fire 

retardant materials and other alumina -based chemicals. Demand for high -purity alumina 

for devices such as smartphones, laptops, and tablets is also expected to continue to 

increase, although the effect on the total demand for bauxite and alumina would be 

marginal because of the limited volume of this market relative to aluminium smelting. 

Also, new entrants  to the high -purity alumina market are expected to use high -alumina 

                                           
14 Estimation based on average LME price of high-grade aluminium in 2016 (EUR 1,471 per tonne) and the global 
primary Al production in 2016 of 58,649 kt. Value of recycled aluminium production is not included. 
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clay instead of bauxite as the raw material for their processes, as higher purity levels can 

be obtained using high -alumina clay (USGS 2019a).  

World demand for aluminium is expected to inc rease as the global economy continues to 

expand and aluminium products become more accessible to consumers in developing 

economies (USGS 2019a). Demand for aluminium is driven by the light -weighting trend in 

mobility, the need for energy -efficient building s and light packaging and other applications 

(e.g. engineered products)  (Dessart and Bontoux 2017).  

According to published data in a recent European Aluminium Associationôs report (CRU 

data in  (European Aluminium 2019e)), world demand for primary aluminium is expected 

to increase by 50% by 2050, approaching 108 million t per year in 2050. European (EU28 

+ EFTA) demand for primary aluminium is forecasted to reach 9 million t. Chinese demand 

is expected to peak at almost 50 million t per year around 2035; b y 2050, China will have 

a 40% share of primary aluminium demand.  The most rapid growth is projected to be in 

India, which is going to replace China in terms of expansion of demand for primary 

aluminium by the mid -2030s, growing from 4% to 16% of glo bal demand.  

Europe is the second - largest consumer of primary aluminium and is likely to remain so 

until at least 2050. The total European aluminium ingot demand in 2050 will reach nearly 

18 million t, and it will be met by almost equal shares of primary ( production + imports) 

and recycled aluminium production (see Figure 30  and Figure 31 ). In a baseline scenario 

of the future primary aluminium production in Europe, domestic production of primary 

aluminium is expected to meet around 25% of the aluminium ingot demand by 2050. The 

average growth rate of sem i- finished aluminium consumption is forecasted to 39% from 

2017 to 2050. The main growth drivers of aluminium consumption in Europe will be 

increasing demand in applications where aluminiumôs unique properties make it the 

material of choice, i.e. transport  (up 55% compared to 2017), construction (up 28% 

compared to 2017) and packaging (up 25% compared to 2017) (CRU data in  (European 

Aluminium 2019e)).  

 

Figure 30 : Forecast of primary production in Europe (EU28+EFTA)  (2000 - 2050)  

(CRU datasets in (European Aluminium 2019e)).  
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Figure 31 : Demand by end use sector in Europe (EU28 + EFTA)  from 2017 - 2050  

(CRU datasets in (European Aluminium 2019e)).  

Table 13  summarises that the supply and demand of both aluminium and bauxite are 

expected to grow in the future.  

Table 13 : Qualitative forecast of supply and demand of aluminium and bauxite  

Materials  

Criticality of 
the material 

in 2020  
Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  
10 

years  

20 

years  

 Bauxite  x  +  +  +  +  +  +  

Aluminium   x  +  +  +  +  +  +  

 

 EU trade  

Although the EU does produce over 2,009  kt  of bauxite per year and 2, 131  kt  of primary 

aluminium per year (averaged over 2012 ï2016) . These figures are small compared to the 

scale of imports : 13,656 kt  for bauxite and 3,176 kt  for primary aluminium, as an average 

for the 2012 -2016 period. Exports of bauxite (259 kt), and export of primary aluminium 

(56 kt) are considerably smaller compared to imports. Figure 32  presents the trade flows 

for bauxite and Figure 34  for primary aluminium. In contrast, the EU is a net exporter for 

alumina : 2,120 kt  of Al 2O3 export s and 910 kt  of Al 2O3 imports, as an average for the 

2012 -2016 period) ( Figure 33 ).  
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Figure 32 : EU trade flows for bauxite (E urostat  Comext 2019)  

 

Figure 33 : EU trade flows for alumina 15  (Eurostat Comext 2019)  

 

 

Figure 34 : EU trade flows for primary aluminium (Eurostat Comext 2019)  

 

                                           
15 ¢ǊŀŘŜ ŎƻŘŜǎΥ I{ нумунл Ψ!ƭǳƳƛƴƛǳƳ ƻȄƛŘŜ όŜȄŎƭΦ !ǊǘƛŦƛŎƛŀƭ ŎƻǊǳƴŘǳƳύΩΣ I{ нумуол Ψ!ƭǳƳƛƴƛǳƳ ƘȅŘǊƻȄƛŘŜΩΦ 
Trade flows of aluminium hydroxide are converted to Al2O3 content 
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The countries of origin of imports of bauxite and p rimary aluminium are shown in  Figure 

35 . For bauxite, the EU is dependent mainly on Guinea for its supplies with an average of 

9,959  kt  imported from that country per year. Imports from Brazil 16  amounted to 

approximately 1,623 kt  per year, and from Sierra Leone to 1,036 kt  per year. Imports of 

primary aluminium were more evenly distributed. The leading suppliers were Russia (an 

average of 897 kt  per year), Mozambique (495 kt  ), Iceland (311 kt ), and Norway (300 

kt).  As before these figures are all averaged over 2012 ï2016.  

 

   
Figure 35 : EU imports of bauxite (left) and primary aluminium (right). Average 

2012 - 2016 (Eurostat Comext 2019)  

Guinea, the main exporter and principal supplier of bauxite to the EU, has an export tax 

of 2%, in force since 2011. The leading exporters of unwrought aluminium to the EU 

applied no export restrictions in 2017. A tax of 1.25% applied by the Russian Federation 

to exports of unwrought aluminium alloys is no longer in effect since September 2016 

(OECD, 2019a). Norway and Iceland, two of the important export ers of primary aluminium 

to the EU, are part of the European Economic Area agreement (EEA) which is in place since 

1994 (European Commission 2019). Canada is part of the Comprehensive Economic and 

Trade Agreement (CETA) which is entered into force provisio nally in 2017. Finally, the EU 

signed an Economic Partnership Agreement (EPA) on 10 June 2016 with the Southern 

African Development Community (SADC). Among other countries, the agreement 

comprises Mozambique, a significant exporter of primary aluminium to the EU, which 

started applying the EPA in February 2018 (European Commission 2019).  

 Prices and price volatility  

Metallurgical -grade bauxite is mainly traded under long - term contracts, and the prices for 

these are generally not published  (USGS 2018a). Spot prices for speciality forms of bauxite 

and alumina for non -metallurgical applications are published by trade journals  (USGS 

2018a). From June 2013 to June 2018, bauxite prices in China ranged from EUR 36 to EUR 

68 per t, with an average of EUR 47 per t (se e Figure 36 ).  

                                           
16 The EU has concluded a trade agreement with the four founding members of Mercosur (Argentina, Brazil, 
Paraguay, and Uruguay) as part of a bi-regional Association Agreement. 
https://ec.europa.eu/trade/policy/countries-and-regions/regions/mercosur/ 

https://ec.europa.eu/trade/policy/countries-and-regions/regions/mercosur/
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Figure 36 : Bauxite price trend, CIF Qingdao port, monthly average (ú/t). Data 

from (S&P Global Market Intelligence 2018)  

 

The alumina market was priced as a percentage of the London Metal Exchange (LME) 

aluminium price in the past, and some companies still use long - term LME -based contracts. 

Since 2010, the market has moved to use indices of spot prices cal culated by price -

reporting agencies based on transactions in the physical market, because of the changing 

dynamics of the LME and the alumina market and the  increased cost of caustic soda  

(Fastmarkets MB 2019). LME launched a new cash -settled futures contr act of alumina on 

March 2019 settled against CRU Alumina Price Index and the Fastmarkets MB Alumina 

FOB Australia Index by equal weighting to each index  (Fastmarkets MB 2019)(LME 2019). 

The Chicago Mercantile Exchange (CME) also has an exchange - traded futu res contract 

based on the Fastmarkets MB Alumina Fob Australia index  (CME Group 2019).  

Alumina prices have been relatively stable from 2011 to early 2017, as a percentage of 

LME aluminium price. According to CRU data, the CRU Alumina Price index (API) has been 

the 17% of the LME aluminium price on average. In 2017 and 2018, alumina price surged 

driven by market tightness caused by production disruptions at Hydroôs Alunorte alumina 

refinery, and sanctions against UC Rusal  (Thomas 2018), traded on some occasi ons at 

30% of the outright aluminium price. Throughout 2018ôs escalation in alumina prices, the 

LME aluminium price became disconnected from the market, and instead of increasing in 

line with the raw materials, the aluminium price remained flat  (Fastmarket s MB 2019b).  

Aluminium is an exchange - traded commodity, listed in two exchanges: London Metal 

Exchange (LME) and the Shanghai Futures Exchange (SHFE).  

¶ LME: All primary aluminium contracts globally (excluding China) are traded on the 

LME with a base price t hat is listed daily. LME prices are determined on the basis of global 

supply and demand. On top of the LME base price, an additional market premium is 

negotiated between buyer and seller for physical material contracts across the value chain. 

The market pr emiums account for the manufacturing of value -added products depending 

on the shape, alloy and other aspects, the delivery location to reflect costs associated with 

transaction and transportation from storage warehouses to downstream plants, the 

existing t ariff status, and other contractual services. The LME base price is not negotiated 
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between the buyer and seller as it is the global reference point. For example, the all - in 

price of the metal a wrought producer may charge includes the prevailing LME exchan ge 

cost for the relevant volume of aluminium along with the premium fee (European 

Aluminium 2018c) (USITC 2017) (London Metal Exchange 2017);  

¶ SHFE: Aluminium base prices in China are set on the SHFE, where only Chinese 

companies can trade aluminium (Europe an Aluminium 2018c).  

 

Both in LME and SHFE paper transactions represent much higher movements than physical 

ones. Therefore, speculatorsô anticipations of potential global movements are reflected in 

prices (Aluminum Association et al. 2018).  

After its peak  in spring 2008, aluminiumôs price collapsed by almost 50%, and recovery 

started in early 2009. However, world market prices for primary aluminium have remained 

significantly lower than the levels reached in 2008 ( Figure 37 ). China is increasing its 

aluminium -smelting capacity continuously, accounting for more than half of the worldôs 

supply since 2013, which has caused the decline of prices worldwide not  only of primary 

aluminium but also of downstream semi - finished and finished aluminium products 

exported by China (EC 2018b).  

 

Figure 37 : Monthly London Metal Exchange (LME) aluminium settlement 17  

price 18 , unalloyed primary ingots of a minimum 99.7% purity, in USD/t. (World 

Bank 2019)  

 

In real terms, the average annual aluminium price (LME settlement price) declined by 38% 

from 2007 to 2016 (World Bank 2019) . In 2017, the average annual LME settlement price 

of aluminium increased to  USD 1,968 per t; a price increase of 19% since 2016, driven by 

winter closures and supply reform in China (Thomas 2018). Nevertheless, the average 

annual aluminium price in 2019 remained approximately 27% lower in real terms in 

comparison to 2007. The sho rt - term peak observed in April 2018 was the result of US 

sanctions imposed to the worldôs second-largest aluminium producer (Rusal), and the 

widespread uncertainty caused in the international aluminium market.  The monthly 

aluminium price at the LME rose to  almost USD 2,600 per t (EUR 1907 per t), which 

                                           
17 Settlement price beginning 2005; previously cash price 
18 Nominal prices, not adjusted for inflation 
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marked a 6 -year high (DERA 2018). Since then, world aluminium prices are generally 

declining, and the monthly LME -cash price dropped to USD 1,724 per t (EUR 1,558 per t) 

in August 2019 (see  Figure 38 ).  

 

 
Figure 38 . Monthly London Metal Exchange (LME) a luminium price 19  (99.7% 

cash), in EUR/t (S&P Global Market Intelligence 2019)  

Figure 39  shows aluminium long term prices from 1910 to 2018. It shows real prices, 

lower and upper real price benchmarks (solid line for real price, solid horizontal l ine for 

lower real price benchmark, dashed line for upper real price benchmark, real prices 

deflated by using US PPI, basis 2017, vertical dashed line indicates break in price 

specification) (Buchholz, 2019).  

 

 
Figure 39 : Long term prices for Aluminium. USD per t. (Buchholz et al., 2019)  

 

3.3  EU demand  

 EU consumption of bauxite  

The EU apparent consumption of bauxite between 2012 and 2016 is calculated at about 

15,406 kt per year. Of this 1,750 kt per year came from within the EU (c alculated as EU 

production minus exports to non -EU countries) with the remaining 13,656 kt imported 

from outside the EU. Based on these figures, it is not surprising that the net import reliance 

for the EU is high at 87% (averaged over 2012 -2016).  

                                           
19 Not adjusted for inflation 
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  Uses an d end -uses of bauxite in the EU  

The majority (95%) of bauxite mined worldwide is refined into alumina, and the remainder 

(5%) is consumed directly for non -metallurgical applications. The share of bauxite output 

which is converted to alumina for the product ion of aluminium metal (smelter -grade) 

ranges from 85% to 89%, while the proportion used for the production of alumina for 

other applications (chemical -grad e) is reported to vary from 6% to 10% (V. Hill and 

Sehnke, 2006) (Flook, 2015). Non -metallurgical ap plications of bauxite, including those of 

chemical -grade alumina, are found in refractories, cement, abrasives and chemicals.  

Refractory -grade bauxite or sintered chemical -grade alumina are used for the manufacture 

of high -alumina refractories, mainly for the iron and steel industry (Flook 2015).  

Aluminous cement is used where rapid strength and/or resistance to certain types of 

corrosion are required. Calcined chemical grade alumina is required for the production of 

high -purity alumina cement for castable monolithic refractories.  

In abrasives, calcined bauxite and calcined speciality -grade alumina are used for the 

manufacture of abrasive materials for grinding.  

The chemical uses of bauxite include the production of aluminium sulphate (used as a 

flocculatin g agent in water or effluent treatment), aluminium chloride, and aluminium 

fluoride or sodium aluminate. Bauxite applixations in ceramic proppants for oil and gas 

drilling fluids, in welding fluxes, as slag adjuster and in road surfacing are included under  

this category.  

The main categories of end uses for bauxite between 2012 and 2016 are shown in Figure 

40 . 

 

Figure 40 : Global  end uses of bauxite (International Alumi nium Association and 

literature;  SCRREEN workshops 2019 ), and EU consumption of bauxite (average 

2012 - 2016)  (WMD 2019; Eurostat Comext 2019)  

The relevant industry sectors are described using the NACE sector codes in Table 14 . 

Table 14 : Bauxite applications, 2 - digit and associated 4 - digit NACE sectors, and 

value - added per sector (Eurostat 2019)  

Applications 

for bauxite  

2 - digit NACE 

sector  

Value - added of NACE 

2 sector (millions ú) 

4 - digit NACE 

sector(s)  

Refining to 

alumina  

C24 ï Manufacture of 

basic metals  

55,426  C2442 ï Aluminium 

production  

Refractories  C23 ï Manufacture of 

other non -metallic 

mineral products  

57,255  C2320 ï Manufacture 

of refractory products  
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Cement  C23 ï Manufacture of 

other non -metallic 

mineral products  

57,255  C2351 ï Manufacture 

of cement  

Abrasives  C23 ï Manufacture of 

other non -metallic 

mineral products  

57,255  C2391 ï Production 

of abrasive products  

Chemicals  C20 ï Manufacture of 

chemicals and 

chemical products  

105,514  C2013 ï Manufacture 

of other inorganic 

basic chemicals  

 

 EU consumption of aluminium  

For primary aluminium, the EU apparent consumption is calculated at 5,252 kt per year 

(ave rage 2012 -2016) and of this 2,075 kt came from within the EU (again calculated as 

EU production minus exports to non -EU countries). The remaining 3,177 kt were imported 

from outside the EU, resulting in net import reliance of 59% averaged over 2012 -2016.  

Figure 41  demonstrates the aluminium ingots apparent consumption by the EU industry in 

comparison with the total aluminium metal demand from 2010 to 2017, as they are 

derived from official statistics (Eurostat).  

 

Figure 41 : Aluminium ingots apparent consumption 20  and aluminium metal 

demand 21   

 Uses and end -uses of aluminium in the EU  

Figure 42  shows the EU end uses of aluminium  in 2017 , and Figure 43  presents the end 

uses of aluminium worldwide  in 2015 .  

 

                                           
20 Calculated as domestic production of unwrought aluminium (PRODCOM codes PRC 24421130, PRC 24421154) 
plus net imports of unwrought aluminium (HS 760110, HS 760120). It is necessary to note that in the criticality 
assessment, primary aluminium is analysed, and not unwrought aluminium  
21 Calculated as domestic production of unwrought aluminium plus net imports of unwrought aluminium (HS 
760110, HS 760120), semi-finished aluminium products (HS 7604-HS 7609), powders and flakes (HS 7603) and 
castings and forgings (HS 761699) 
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Figure 42 : Main  end uses of aluminium in Europe in 2017 (European Aluminium 

2018), and EU consumption of primary aluminium (average 2012 - 2016)  

 

 

Figure 43 : World consumption of aluminium by major end - use sectors, 2015. 

(CRU data in (USITC 2017))  

 

Aluminiumôs excellent combination of properties together with its relative cost-

effectiveness have led to its widespread use in a variety of applications (OECD 2015). The 

following paragraphs provide some examples because there is insufficient space in this 

factsheet to list them all.  

The largest market for aluminium in Europe is the transport sector (see Figure 42 ) where 

the metal is used in the manufacture of road vehicles (cars, buses, trucks), trains, aircraft, 

ships, spacecraft, bicycles, etc. Within a vehicle, aluminium is sometimes used for body 

panels, but it is also used for engine blocks, transmission housings, wheels, radiators, 

cylinder heads, heat exchangers, pistons, etc. Although aluminium often represents less 

than 10% of the total quantity of materials utilised in a car, due to its favourable strength 

to weight ratio its use can significantly reduce weight with consequent improvements in 

fuel consumption. The second example of this sector is the use of aluminium in aircraft 
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where its lightness, workability and strength make it an ide al material. Some of the most 

common aircraft models in the world today are 70 ï80% aluminium.  

Within the construction sector  can be found in a multitude of applications. Essential uses 

are in manufacturing doors, windows, cladding, roofing, staircases, air  conditioning units, 

solar protection, parts of internal walls and other components. Aluminium retains its useful 

properties for long periods, which means it is beneficial for architects in designing 

buildings.  

Aluminium is one of the most versatile forms of packaging , as it can be formed into almost 

any shape. It is mainly used to protect food, drinks and pharmaceutical products against 

damage from light, liquid, temperature or bacteria, and it is non - toxic. By type of 

aluminium packaging, flexible packagi ng (wraps, plain foil, lidding, household foil etc.) 

represents 28% of the market, semi - rigid packaging 18% (trays and other food 

containers), and rigid packaging 54% (beverage and food cans, aerosol cans, closures, 

tubes, etc.) (European Aluminium 2014).  

High - tech engineering includes mechanical engineering applications such as pistons, 

cylinder blocks, pulleys, guide rails, optical equipment, pneumatic cylinders, measuring 

instruments, etc. It also comprises electrical and heat transfer engineering applic ations 

such as power cables, ladders, cable sheathing, heat exchangers, busbars (electrical 

conductors), cooling fins, etc.  

Aluminium is also widely used to manufacture consumer durables  such as cooking utensils, 

watches, the outer casing of some types of equipment (e.g. photographic equipment, 

smartphones, tablet computers, etc.), electrical appliances, LED lighting, paints, alloys for 

some coins, cookers, boilers, sports equipment, mirrors and reflectors, etc. As an example, 

aluminium utensils are easy to  wash, corrosion - resistant, not easily damaged, and the 

material is an excellent heat conductor allowing heat to spread evenly through a cooking 

pan.  

The relevant industry sectors are described using the NACE sector codes in Table 15 . 

 

 

 

 

Table 15 : Aluminium applications, 2 - digit and examples of associated 4 - digit 

NACE sectors, and value - added per sector (Eurostat 2019)  

Applications 

for primary 

aluminium  

2 - digit NACE sector  Value - added 

of NACE 2 

sector (Mú) 

Examples of 4 - digit NACE 

sector(s)  

Mobility 

(Transport and 

Automotive)  

Both C29 ï 

Manufacture of motor 

vehicles, trailers and 

semi - trailers,  

 

AND  

 

C30 ï Manufacture of 

other transport 

equip ment  

160,603  

 

AND 

 

44,304  

C2910 ï Manufacture of motor 

vehicles; C2920 Manufacture of 

bodies for motor vehicles; 

C2932 ï Other parts for motor 

vehicles; C3030 ï Manufacture 

of air and spacecraft; C3011 ï 

Building of ships and floating 

structures; C3020 ï 

Manufacture of railway 

locomotives and rolling stock; 

C3092 ï Manufacture of 

bicycles  
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Applications 

for primary 

aluminium  

2 - digit NACE sector  Value - added 

of NACE 2 

sector (Mú) 

Examples of 4 - digit NACE 

sector(s)  

Construction  C25 ï Manufacture of 

fabricated metal 

products, except 

machinery and 

equipment  

148,351  C2511 ï Manufacture of metal 

structures and parts of 

structures; C251 2 ï 

Manufacture of doors and 

windows of metal; C2599 ï 

Manufacture of other fabricated 

metal products n.e.c.  

Packaging  C25 ï Manufacture of 

fabricated metal 

products, except 

machinery and 

equipment  

148,351  C2592 ï Manufacture of light 

metal packaging  

High -Tech 

Engineering  

C28 ï Manufacture of 

machinery and 

equipment not 

elsewhere specified  

182,859  C2811 ï Manufacture of 

engines; C2812 ï Manufacture 

of fluid power equipment; 

C2893 ï Manufacture of 

machinery for food processing; 

C2529 ï Manufacture of ta nks, 

reservoirs and containers of 

metal; C2732 ï Manufacture of 

other electronic and electrical 

wires and cables.  

Consumer 

Durables  

C25 -  Manufacture of 

fabricated metal 

products, except 

machinery and 

equipment  

148,351  C2571 ï Manufacture of cutlery  

 

  



56  

 

 Substitution  

Alumina production from non -bauxite sources is theoretically possible from nepheline 

concentrates, and commercial production has been reported in Russia (Vadim Smirnov 

1996)(Jorjani and Amirhosseini 2007). However, information is limited on th e costs, 

performance and production levels. Other potential bauxite substitutes for the supply of 

alumina are anorthosite, alunite, low -grade kaolin and clay, and coal fly ash (Kuzvart 

2006). In particular, anorthosite, which is abundantly available worldw ide, has been 

evaluated with success as a source of aluminium ore in Norway, but the process developed 

was not commercially compatible with existing bauxite -based alumina production (Wanvik 

2000). The project AlSiCal funded by Horizon 2020 (September 2019 ïAugust 2023) is 

going to research further the technology for producing alumina from anorthosite which 

generates no bauxite residues (CORDIS 2019). In general, no evidence was found to 

suggest that bauxite substitution with the above potential substitutes i s currently carried 

out on a commercial scale. Substitutes for other applications were not considered in the 

assessment as their application shares were less than 10% each. However, refineries were 

under feasibility studies or construction worldwide in 201 5 to produce high -purity 

(99.99%) alumina from high -alumina clays, therefore substituting bauxite  (USGS 2016).  

For aluminium, a variety of substitutes were assessed. Steel is considered the primary 

substitute material for aluminium in mobility, construction, packaging and machinery 

applications (Graedel et al. 2015b).  

For the mobility applications (transport and a utomotive), composites such as carbon - fibre -

reinforced plastic have been successfully used for many applications, e.g. in cars, fuselages 

and wings of aeroplanes, but the cost is currently significantly higher than aluminium 

(USGS 2019) (Rao et al. 2018). Titanium and magnesium are also possible substitutes in 

this sector. Steel is the only one of these materials with lower cost to aluminium. However, 

steel is heavier than aluminium, and consequently, for specific applications, the 

performance could be lowe r (USGS 2019) (Djukanovic 2016) (Musfirah and Jaharah 2012).  

In the construction sector, additionally to steel, plastics (such as PVC or vinyl) and wood 

were considered as possible substitutes. In all cases, the cost and performance were 

assessed to be sim ilar to aluminium.  

Glass, plastics and steel are potential substitutes for aluminium for packaging applications, 

and again for all of these, the performance was considered to be similar, and costs same 

or lower.  

In the high - tech engineering application, c opper can replace aluminium in electrical lines 

for power transmission and distribution, as well as in heat -exchange applications, but the 

current costs of copper are higher than aluminium. Cast iron and cast steel may also 

substitute aluminium in specific  applications at similar cost and performance.  

Potential substitutes for consumer durables were not assessed as this application sector 

represents less than 10% of aluminium demand. However, copper can substitute 

aluminium in cooking utensils and home app liances (e.g., refrigerators) (Graedel et al. 

2015b).  
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3.4  Supply  

 EU supply chain  

The aluminium flows through the EU economy  in 2013  are shown in Figure 44 . 

 

Figure 44 : Simplified MSA of aluminium flows in the EU in 2013 (Passarini et al. 

2018)  

 

3.4.1.1   EU sourcing of bauxite  

Within the EU, bauxite was mined between 2012 and 2016 in four countries, but the 

combined output from these countries (about 2,000 kt per year) represents less than 1% 

of the worldôs total production of bauxite. EU production is small when compared to the 

overall global production of more than 281,000   kt per year, or compared to the largest 

producing country: Australia (80,092   kt per year).  

Greece is the leading EU bauxite producer, with a yearly output of nearly 1,850 kt, 

averaged over 2012 -2016. Operating mines are located in the Parnassos -Giona  zone  in 

Central Greece, and are owned by Mytilineos Holdings SA and Imerys Indust rial Minerals 

Greece (Vassiliadou 2015) (S&P Global Market Intelligence 2019b). 90% of the mining of 

bauxite in Greece takes place in underground exploitations and 10% in opencast ones 

(Mining Greece 2019). Small quantities of bauxite are also mined in Hun gary and France 

(around 80  kt per year each) and Croatia (under 9 kt per year).  

In addition to domestic production, more than 13,656   kt per year of bauxite are imported 

to the EU. Of these imports, 33% go to Ireland, with another 26% imported by Spain, 

18% by Germany, 9% by Romania, 8% by France, and 3% by Greece. EUôs net import 

reliance between 2012 -2016 was 87% for bauxite. Figure 45  presents the EU sourcing 

(domest ic production + imports) of bauxite.  
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Figure 45 : EU sourcing of bauxite. Average 2012 - 2016  (WMD 2019; Eurostat 

Comext 2019)  

 

3.4.1.2  EU sourcing of alumina  

Table 16  presents the active alumina refineries in 2018 in six EU countries. The EU output 

averaged 5,793 kt  in Al 2O3 content over 2012 ï2016 contributing to about 5% of the global 

production of alumina . Imports to the EU totalled 910 kt  in Al 2O3 content and as an average 

over the same period. Figure 46  provides the EU sourcing (domestic production + imports) 

for alumi na.  

Table 16 . Operating alumina refineries in the EU by capacity in 2018. Data from 

(Balomenos 2019), (S&P Global Market Intelligence 2019a), companiesô 

websites.  

Plant  Country  Operator  Ownership  
Annual 

capacity (kt)  
Products  

Aughinish  Ireland  
Aughinish 

Alumina Ltd  

United Co. 

RUSAL Plc  
1,990  Smelter -grade  

San 

Ciprián  
Spain  

Alcoa World 

Alumina and 

Chemicals 

(AWAC)  

Alcoa Corp. 

(60%), Alumina 

Ltd (40%)  

1,500  

Smelter -grade, 

hydrated 

alumina  

Stade  Germany  

Aluminium 

Oxid Stade 

(AOS) GmbH  

Dadco Alumina 

& Chemicals Ltd  
1,050  

Smelter -grade, 

specialty 

aluminas  

Agios 

Nikolaos  
Greece  

Aluminium of 

Greece  

Mytilineos 

Holdings S.A.  
850  

Smelter -grade , 

hydrated 

alumina  

Gardanne  France  ALTEO 
H.I.G. Capital 

Europe  
635  

Specialty 

aluminas  

Tulcea  Romania  ALUM 

Vimetco N.V., 

Bayraktar 

Holding (Alro)  

500  

Smelter -grade, 

hydrated 

alumina  

Total     6,525   
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Figure 46 : EU sourcing of alumina. Average 2012 - 2016. Production data from 

(BGS 2019a) and trade flows 22  from (Eurostat Comext 2019)  

3.4.1.3   EU sourcing of primary aluminium  

As regards primary aluminium, in 2018 there are fifteen active aluminium smelters in nine 

countries in the EU, contributing about 4% to world production. Production levels averaged 

over 2012 ï2016 data, vary between 504  kt  in Germany to 47  kt  in the Netherlands. These 

figures are rather small when compared to the global total of 54 ,628  kt  per year, or 

compared to China, the largest producing country with more than 28 ,336   kt  per year.  

 

Table 17 . Operating primary aluminium smelters in the EU by capacity in 2018. 

Data from (Light Metal Age 2019), (S&P Global Market Intelligence 2019a), 

companiesô websites. 

Plant  Country  Operator  Ownership  

Annual 

capacity 

(kt)  

Shutdown 

Capacity 

(kt)  

Dunkerque  France  

Liberty 

Aluminium 

Dunkerque  

 GFG 

Alliance  
285  -  

Slatina  Romania  SC Alro SA  
Vimetco 

N.V.  
282  -  

San Ciprian  Spain  Alcoa Europe  Alcoa Corp.  250  22  

Rheinwerk 

Neuss  
Germany  

Hydro 

Aluminium 

Deutschland 

GmbH  

Norsk 

Hydro  ASA 
230  80  

                                           
22 ¢ǊŀŘŜ ŎƻŘŜǎΥ I{ нумунл Ψ!ƭǳƳƛƴƛǳƳ ƻȄƛŘŜ όŜȄŎƭΦ !ǊǘƛŦƛŎƛŀƭ ŎƻǊǳƴŘǳƳύΩΣ I{ нумуол Ψ!ƭǳƳƛƴƛǳƳ ƘȅŘǊƻȄƛŘŜΩΦ 
Trade flows of aluminium hydroxide are converted to Al2O3 content 
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Plant  Country  Operator  Ownership  

Annual 

capacity 

(kt)  

Shutdown 

Capacity 

(kt)  

Ģiar nad 

Hronom  
Slovakia  Slovalco AS  

 Norsk 

Hydro ASA 

(55.3%), 

Slovalco 

Invest, a. s. 

(44.7%)  

175  -  

Essen  Germany  
TRIMET 

Aluminium SE  

TRIMET 

Aluminium 

SE 

170  -  

Delfzijl  Netherlands  

Aluminium 

Delfzijl BV 

(Aldel)  

 Damco 

Aluminium 

Delfzijl 

Coöperatie 

U.A.  

111  -  

Agios 

Nikolaos  
Greece  

Aluminium of 

Greece  

Mytilineos 

Holdings 

S.A.  

190 -  

St Jean de 

Maurienne  
France  TRIMET France  

TRIMET 

Aluminium 

SE 

145  -  

Hamburg  Germany  
TRIMET 

Aluminium SE  

TRIMET 

Aluminium 

SE 

135  -  

Sundsvall  Sweden  

Kubikenborg 

Aluminium AB 

(Kubal)  

United Co. 

RUSAL Plc 
130  -  

Voerde  Germany  
TRIMET 

Aluminium SE  

TRIMET 

Aluminium 

SE 

96  -  

Aviles  Spain  
Alcoa Inespal 

SA 
Alcoa Corp.  93  27  

La Coruña  Spain  
Alcoa Inespal 

SA 
Alcoa Corp.  87  26  

Kidricevo  Slovenia  Talum d.d.  ELES 85  -  

Total     2, 464  15 5 

 

In addition to the total EU production of primary aluminium of nearly 2 ,132  kt  per year, a 

further 3 ,178   kt  per year of primary aluminium was imported into the EU  (average 2012 -

2016) . The net import reliance is 59% for primary aluminium. Figure 47  presents the EU 

sourcing (domestic production + imports) of primary aluminium.  
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Figure 47 : EU sourcing of primary aluminium. Average 2012 - 2016  (WMD 2019; 

Eurostat Comext 2019)  

 

3.4.1.4   EU supply of recycled aluminium  

The European Aluminium Association reports that the number of recycling plants in Europe 

was 220 in 2015, many of which are small and medium -sized enterprises (SMEs) 

(European Aluminium 2016). Over a third of EU consumption in aluminium ingots is 

satisfied by recycling of old and new scrap ( Figure 48 ).  

 

Figure 48 : Contribution of secondary production and net imports to the EU 

consumption of unwrought Al (ingots). Background data 23  from (Eurostat 

Prodcom, 2019) (Eurostat Comext, 2019)  

                                           
23 The apparent consumption of unwrought Al is calculated from official Eurostat data for shipments and net 
imports. PRC codes used for production (sold) of unwrought Al: 24421153 and 24421155 from 2010 to 2012; 24421130 and 

24421154 from 2013 to 2017. CN codes for trade flows of unwrought Al: CN 76011000, CN 76012000 and CN 76011080. The 
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 Supply from primary materials  

3.4.2.1   Geology, resources and reserves of bauxite  

Geological occurrence: Aluminium is the most common metallic element, making up 

approximately 8% of the Earthôs crust, and the third most abundant element after oxygen 

and silicon. In the upper crust, the abundance of Al 2O3 is 15.4 wt% (Rudnick and Gao 

2014) (V. Hill and Sehnke 2006). Although aluminium occurs in a wide range of minerals 

(mainly oxides and silicates), it is too reactive to occur naturally. Therefore, it is 

challenging to extract aluminium f rom most of the minerals in which it is present. Bauxite 

is the only ore used for the commercial extraction of aluminium, which may contain 40 -

60% aluminium oxide (Aluminum Association 2007).  

 

Bauxite is a heterogeneous rock composed of a wide variety of minerals. The bauxite ores 

consist primarily of the aluminium hydroxides gibbsite (65% Al 2O3), boehmite and diaspore 

(each around 85% Al 2O3), or their mixtures, with varying proportions of silica, iron oxides, 

titania, aluminosilicates and other impurities . Each of these three types of bauxite has 

different characteristics that make them more or less desirable for mining and 

metallurgical purposes (Vassiliadou 2015).  

 

Deposits of bauxite are residual accumulations caused by intense lateritic weathering. Mo st 

bauxite deposits can be classified into two categories: those developed over carbonate 

rocks (karst bauxite); and those developed over other types of rocks (lateritic bauxite). 

The karst bauxites occur predominantly in the Caribbean (e.g. Jamaica), Medi terranean 

(e.g. Greece, France), China, Central Urals and Kazakhstan. The lateritic bauxites which 

are the major source for worldôs production are found mostly in Africa (e.g. Guinea), South 

Asia (e.g. India), Australia, North and South America (e.g. Guyan a) (V. G. Hill and Sehnke 

2006).  

Global resources and reserves 24 :  Globally, the United States Geological Survey (USGS , 

2018b ) estimates that known resources of bauxite are in the range of 55 ï75  billion t , in 

Africa (32%), Oceania (23%), South America and th e Caribbean (21%), Asia (18%), and 

elsewhere (6%). USGS notes that because the aluminium element is so abundant across 

the world, there are ñessentially inexhaustibleò quantities in materials other than bauxite. 

However, these are currently not economical to extract and therefore should not yet be 

included in any estimates of resources.  

 

The worldôs known bauxite reserves are estimated by USGS at about 30 billion t.  A total 

of 90% of these are concentrated as large blanket deposits in tropical and subtropical 

regions where bauxite typically occurs in extensive, relatively thin near - surface layers 

(layer thickness generally is 4 -6 metres )  (IAI 2019a).  Guinea has the l argest known 

bauxite reserves globally (25%), followed by Australia (20%), Vietnam (12%) and Brazil 

(9%). Global reserves of bauxite are sufficient to last at least another 100 years at the 

                                           
secondary production is estimated by subtracting primary production from the total unwrought Al production, and may not 
reflect secondary ingot production by integrated casthouses.     
24 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of bauxite in different geographic areas of the EU or globally. The USGS collects information about 
the quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template, which is also consistent with the 
United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 
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rate of extraction in 2016  (WMD 2019; USGS 2018b) . The breakdown p er counties is given 

in Table 18 . 

Table 18 : Global reserves of bauxite in 2017 (USGS 2018b)   

Country  Bauxite Reserves  

(million t)  

Percentage of the 

total (%)  

Guinea  7,400 25.0  

Australia 6,000 20.0  

Vietnam 3,700 12.0  

Brazil  2,600 9.0  

Jamaica  2,000 7.0  

China  1,000 3.0  

Indonesia 1,000 3.0  

Guyana  850 3.0  

India 830 3.0  

Russia  500 2.0  

Greece 250 1.0  

Saudi Arabia  210 1.0  

Kazakhstan  160 1.0  

Malaysia  110 1.0  

United States  20 1.0  

Other countries (unspecified) 3,200 11.0  

World total (rounded) 30,000 100  

 

EU resources and reserves 25 : According to USGS (2018b), the largest exploitable 

deposits of bauxite in the EU are located in Greece with estimated reserves of 250 million 

t. The most important known exploitable  deposits are located in the  zone of mountains  

Helikon -Parnassus -Giona - Iti,  where  reserves are  estimated at approximately 100 million 

tonnes (Vassiliadou 2015) (Tsirambides and Filippidis 2012).  The Minerals4EU (2019)  

project published bauxite resources and reserves data for some EU countries. Of these, 

only Romania reported statistical data in compliance with the United Nations Framework 

Classification (UNFC) system of reporting. Data cannot be summed as they are part ial, 

and they do not use the same reporting code.  

 

 

 

                                           
25 For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve 
estimates for bauxite. The Minerals4EU project is the only EU-level repository of some mineral resource and 
reserve data for fluorspar, but this information does not provide a complete picture for Europe. It includes 
estimates based on a variety of reporting codes used by different countries, and different types of non-
comparable datasets (e.g. historic estimates, inferred reserves figures only, etc.). In addition, translations of 
Minerals4EU data by application of the CRIRSCO template is not always possible, meaning that not all resource 
and reserve data for bauxite the national/regional level is consistent with the United Nations Framework 
Classification (UNFC) system (Minerals4EU 2019). Many documented resources in Europe are based on historic 
estimates and are of little current economic interest. Data for these may not always be presentable in 
accordance with the UNFC system. However, a very solid estimation can be done by experts. 
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Table 19 : Bauxite resources data for the EU ( Minerals4EU 2019 )  

Country  
Reporting 

code  

Quantity 

(million t of 

bauxite)  

Grade  

(% Al 2O3)  

Classification  

 

France  None  432  NA 
Historic resource 

estimate  

Greece  
USGS 130  35 -40  Indicated  

USGS 240  NA Inferred  

Hungary  

Russian 
Classification  

5.28  NA A 

Russian 
Classification  

9.73  NA B 

Russian 
Classification  

72.19  NA C1 

Russian 
Classification  

36.73  NA C2 

Romania  UNFC 97  NA 333  

Italy  None  1.25  NA Sub -Economic  

 

Table 20 : Bauxite reserves data for the EU  

Country  
Reporting 

code  

Quantity 

(million t of 

bauxite)  

Grade  

(% 

Al 2O3)  

Classification  

 

Source  

Greece  None  250  NA NA (USGS 

2018b)  

Romania  UNFC 2.5  NA 121  (Minerals4EU) 

2019  

Italy  None  1 NA Estimated  Minerals4EU 

2019  

3.4.2.2  Exploration and new mine development projects in the EU  

No active exploration projects are reported in the EU  (S&P Global Market Intelligence 

2019b). The H2020 ñSmart Explorationò (2019) research project targets the Gerolekas 

bauxite exploration site in Greece.  

3.4.2.3   Bauxite mining  

For bauxite extraction, conventional surface mining techniques are commonly applied. 

Bauxite does not require complex beneficiation because the ore grade is usually already 

sufficient; simple mineral processing techniques (crushing, washing and screening) are 

only needed to remove clay and fine sands before shipment to alumina refineries or  other 

markets  (IAI 2019a).  

Bauxite is typically classified according to its intended commercial application, e.g. 

metallurgical, abrasive, cement, chemical etc. Of all bauxite mined, in 2014 about 95% is 

refined to alumina for aluminium smelting and othe r uses, and the remainder (5%) is used 

directly for non -metallurgical bauxite applications (V. Hill and Sehnke 2006)(Flook 2015).  

3.4.2.4   World and EU mine production of bauxite  

Globally bauxite was mined in 32 countries in 2016 with total production averaged over 

the 2012 ï2016 period to more than 281 ,123  kt  per year. Figure 49  demonstrates the most 

significant producers. Australia is the leading producer and accounts for 28 % of the world 

total. China (20%), Brazil (13%), India (8%) and Guinea (8%) are other important 

producers and together with Australia hold a 77% share of world mine production.  
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The EU annual production of bauxite (average 2012 -2016) is about 2,009 kt. 92% of the 

EU production was mined in Greece (0.7% of world total, 92% of EU production); much 

lower bauxite quantities were extracted in Hungary, France and Croatia (<0.1% each of 

global total) (WMD 2019).  

  
Figure 49 : Global and EU mine production of bauxite. Average for the years 

2012 - 2016 (WMD 2019)  

 

 Alumina refining  

The bulk of world bauxite production is used as feed for the manufacture of alumina 

(aluminium oxide, Al 2O3) via a wet chemical caustic leach process kno wn as the Bayer 

process. Typically, 2 -3 t of bauxite are required to produce one t of alumina. At the 

refinery, the bauxite is washed and milled to reduce the particle size, and any excessive 

silica is removed. Hot caustic soda is added to dissolve the alu minium -bearing minerals 

(gibbsite, boehmite and diaspore) to form a saturated solution within a digester at 

temperatures of between 140°C and 280°C depending on the type of ore. The slurry is 

then rapidly cooled in a series of flash tanks to around 106°C a nd a chemical flocculant 

added to assist in the sedimentation of the solid bauxite residue so that it can be removed 

from the saturated solution in settling tanks and filters. Next, the saturated solution is 

progressively cooled under controlled conditions , and aluminium trihydrate precipitates as 

crystals; with a chemical formula of Al(OH) 3 this is also known as óalumina hydrateô. These 

crystals are separated from the remaining liquor using vacuum filtration, and calcined at 

1,100 °C to form alumina (IAI 2 019a) .  

The produced alumina can be classified as smelter -grade for aluminium smelting, or 

chemical -grade for other applications. Smelter -grade alumina represents a share of 89 -

94% of the total alumina output (Flook, 2015) (V. Hill and Sehnke, 2006). The c hemical -

grade alumina can be further distinguished to speciality calcined alumina grades and 

alumina trihydrate, with a market share of 45% and 55%, respectively (Flook 2015).  

 

3.4.3.1   World and EU production of alumina  

The annual average output of alumina amount ed 108,752000 kt over the period 2012 -

2016. The largest producer was China (47% of the worldwide total in 2016), followed by 

Australia (19%) and Brazil (9%). Within the EU there are alumina refineries in France, 
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Germany, Greece, Ireland, Romania and Spain (Hungary ceased production in 2015), with 

a combined total of almost 5,794 kt that amounts to 5% of the global total.  

  

Figure 50 : Global and EU production of alumina. Average for the years 2012 -

2016 (BGS 2019)  

 

 Aluminium smelting  

Primary aluminium is obtained from the electrolytic smelting of alumina (aluminium oxide, 

Al2O3) into molten aluminium metal by means of the Hall -Héroult process. This involves 

passing an electrical current (direct current at 600,000 ampere) into a line of electrolytic 

cells, or ópotsô, connected in a series known as a ópotlineô. Each pot is a large carbon-lined 

container, which forms the cathode of the cell. Inside the pot is an electrolytic bath of 

molten cryolite at a temperature of 960 ï980°C in to which the alumina powder is dissolved. 

Aluminium fluoride is added to the solution to optimise the chemistry. Carbon blocks are 

suspended in the solution to serve as the anode. The electrical current is passed from the 

anode via the electrolytic bath to  the cathode and then on to the anode of the next post 

in the series. As it passes through the bath, the dissolved alumina is split into molten 

aluminium and oxygen. The molten aluminium metal sinks to the bottom of the pot from 

where it is siphoned every day or two in a process known as ótappingô. Typically 15,000 

kilowatts of electricity and 1.9 t of alumina are required to produce one t of aluminium 

metal (IAI 2019c) (IAI 2019b)(OECD 2015).  

Molten aluminium is either sold directly to customers or transfe rred to the casthouse, 

where it is purified, alloyed if necessary and cast into various unwrought products. Forms 

of unwrought primary aluminium shipped to customers include T -bars, ingots for rolling, 

extrusion ingots (or billets), continuously cast strip s, ingots for forging, ingots for castings 

(or foundry alloys), pigs, sows, wire rod etc. These shapes are then fabricated into semi -

finished products (flat rolled -products, extrusions, wire, etc.) and subsequently into 

finished goods (Bertram et al. 2017) (USITC 2017).  

3.4.4.1   World and EU production of primary aluminium  

The global primary aluminium production over the 2012 ï2016 period totalled to an 

average of 54,658 kt per year. The largest world producers are shown in Figure 51 . China 

accounts for 52%  of the world's production of primary aluminium. Russia (7%), Canada 

(5%), United Arab Emirates (4%) and India (4%) are following on the list of major 

producers  (WMD 2019) . 

Within the EU for 2012 -2016, there were aluminium smelters in Germany, France, Spain, 

Romania, Greece, Slovakia, Sweden, Slovenia, Netherlands and Italy. These contributed 
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a total of nearly 2,132 kt of aluminium (4% of the global total), based on figures a veraged 

over 2012 ï2016. Since 2012, the Italian smelter is closed.  

  

Figure 51 : Global and EU production of primary aluminium. Average for the 

years 2012 - 2016 (WMD 2019)   

 

 Supply from secondary materials/recycling  

Bauxite is consumed during all of its uses and therefore is not available for recycling. 

Although some refractory products are subsequently recycled, this is generally to further 

refractory applications and is very small in quantity compared to the global production of 

bauxite. The majority of bauxite uses results in a substance that is subsequently 

transformed into a different product, e.g. cement into concrete or alumina into aluminium 

metal (SCRREEN workshops 2019).  

Aluminium is infinitely recyclable without downgr ading its quality. Secondary aluminium is 

produced by melting aluminium scrap.  The scrap utilised in secondary aluminium 

production consists of 'new scrap' which is generated during the production and fabrication 

of wrought and cast products, and 'old scra p' which is recovered from articles at the end 

of their useful life  such as used beverage cans, packaging etc.  

Recycling of aluminium needs as little as 5% of the energy originally used for its primary 

production, with obvious financial and environmental b enefits. More than one - third of all 

the aluminium produced globally originates from scrap.  According to the European 

Aluminium Association, 37% of the aluminium ingot needs in Europe in 2017 were covered 

by recycled aluminium (European Aluminium 2019b).  The high value of aluminium scrap 

is a key incentive and significant economic stimulus for recycling (IAI 2009).  

While the end -of - life recycling rate (EoL -RR) for aluminium is high, old scrap generally 

makes up a relatively small share of overall material input to the EU (Passarini et al. 2018). 

The increasing demand for aluminium, coupled with the long - life of many applications (e.g. 

buildings, mobility) prevents recycled production from covering the demand, making 

primary production still necessary (Dessa rt and Bontoux 2017).  

3.4.5.1   Post - consumer recycling (old scrap)  

End-of -life scrap (óold scrapô) is defined as scrap arising from products that have been 

used but are no longer required because they have been worn out or become obsolete. 

For aluminium, this incl udes a wide range of products including aluminium beverage cans 
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or food packaging; components from aircraft, cars or other vehicles; articles arising from 

the demolition of buildings such as window profiles; or discarded equipment (European 

Commission 2017 ). Post -consumer scrap has to be collected and sorted before it can be 

recycled. According to European Aluminium (2016), EoL -RR in Europe for aluminium used 

in transport and buildings was over 90%, whereas 60% of the aluminium used in 

packaging was recycle d in 2013. The recycling rate for aluminium beverage cans in the 

EU, Switzerland, Norway and Iceland reached an all - time record of 74.5% in 2017 

(European Aluminium 2019a).  

The aluminium industry produces recycled aluminium at óremeltersô and órefinersô, as well 

as in internal melting and casting facilities (ócast housesó). Remelters supply rolling mills 

and extruders with rolling ingots or extrusion billets (wrought alloys) for further 

processing, and refiners supply foundries with casting ingots (casting alloys) and the steel 

industry with deoxidants  (IAI 2009)(European Aluminium 2016). Aluminium scrap is used 

as an input, including new (pre - consumer) scrap (e.g. cut -off ends, turnings) from 

manufacturing and casting processes and old (post -consumer) scrap  from durable and 

nondurable products (e.g. used beverage cans, window frames).  

Recycling of old aluminium scrap involves the collection, sorting, pre - treatment, melting 

and casting. The most significant factors in determining the quantity of aluminium fr om 

óold scrapô to be recycled are the collection systems for the wide-ranging end -of - life 

products and the long lifespan of some of the products. Estimates suggest that 75% of all 

aluminium ever produced is still in use (European Aluminium 2018b). Secondar y 

aluminium production is characterized by the diversity of old scrap types available (a high 

variety of alloys, size, type and degree of contamination by paints, ink or plastics) which 

correspondingly determines the necessary pre - treatment technique (e.g.  mechanical 

separation) and the melting process to be applied (e.g. rotary furnace with salt flux). In 

the secondary aluminium industry, órefinersô produce casting alloys (e.g. for cast engine 

blocks) and óremeltersô produce wrought alloys (e.g. for sheets and extrusion) (European 

Aluminium 2016).  

According to the MSA study of aluminium (2018), the end -of - life recycling input rate (EoL -

RIR) was 12% in 2013 (SCRREEN workshops 2019). The EoL -RIR measures the quantity 

of end -of -life scrap (i.e. óold scrapô) contained within the total amount of metal available 

to manufacturers (which would also include primary metal and ónew scrapô). If the EU had 

processed domestically the flow of aluminium waste and scrap exported in 2015, the EoL -

RIR would have increased to 16% (Passarini et al. 2018).  



69  

 

Table 2 1 : Material flows relevant to the EOL - RIR 26  of aluminium in 2013. Data 

from (Passarini et al. 2018)  

MSA Flow Value (kt) 

B.1.1 Production of primary material as main product in EU sent to processing in EU 495.523 

B.1.2 Production of primary material as by-product in EU sent to processing in EU 0 

C.1.3 Imports to EU of primary material 4,458.156 

C.1.4 Imports to EU of secondary material 268.253 

D.1.3 Imports to EU of processed material 
10,478.17

6 

E.1.6 Products at end of life in EU collected for treatment 4,337.805 

F.1.1 Exports from EU of manufactured products at end-of-life 0 

F.1.2 Imports to EU of manufactured products at end-of-life 0 

G.1.1 Production of secondary material from post-consumer functional recycling in 
EU sent to processing in EU  2,209.139 

G.1.2 Production of secondary material from post-consumer functional recycling in 
EU sent to manufacture in EU  0 

 

3.4.5.2   Industrial recycling (new scrap)  

Aluminium metal scrap and other aluminium -bearing wastes are also generated during the 

fabrication and manufacture of aluminium products (referred to as ónew scrapô or 

óprocessing scrapô). This could be in the form of metal that did not meet required 

specifications, excess metal removed during casting or forging, grinding sludge or turnings 

generated during machining processes. The recycling of new scrap is more straightforward 

than for old scrap because it contains less co ntamination from other materials. New scrap 

constitutes the most significant source of secondary aluminium, representing about 70% 

of secondary material input in the EU in 2013 (Passarini et al. 2018).  

 

3.5  Other considerations  

 Environmental, and health and s afety issues  

The most significant environmental concern related to the production of aluminium is 

greenhouse gas emissions (OECD 2015). Globally, approximately 40% of greenhouse 

emissions are the result of the aluminium production process itself (direct em issions), and 

around 60% relates to electricity generation for smelting (indirect emissions) (IAI 2009). 

As an energy - intensive industry, aluminium production covers the largest part of the EU 

greenhouse gas emissions of the non - ferrous metals sector, desp ite the considerable 

decrease of emissions achieved in the last years. Since 1990, the European primary 

aluminium production has reduced by 55% the direct CO 2 emissions per t. The European 

aluminium sector accounted in 2016 for around 1% of the verified em issions of all 

stationary installations of the EU and about 2% of its industrial emissions (European 

Commission 2018).  Incremental improvements in energy efficiency will not be enough but 

will require breakthrough innovations in the smelting process to dra stically reduce direct 

carbon emissions by 2050 (European Aluminium 2019e). New low -carbon technologies are 

under development in aluminiumôs production route, e.g. low emission electrolysis.  

The shift to secondary production through further recycling coul d bring significant 

additional benefits, as the recycling of aluminium saves energy consumption by 95% and 

emissions up to 98% (European Commission 2018). Finally, a decarbonised power sector 

                                           
26 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2)  
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could further reduce the emissions of the aluminium industry (Eu ropean Aluminium 

2018b).  

European Aluminium regularly publishes Life Cycle Inventory (LCI) data for the production 

of aluminium in EU -28 and EFTA countries (Norway, Switzerland and Iceland), verified by 

external experts. An updated Environmental Profile report  was published in 2018 covering 

the entire aluminium value chain in Europe, from the metal supply (primary and recycling) 

to semi - fabrication (rolling , foil and extrusion). Based on 2015 production data, the report 

provides LCI datasets for the key process steps essential for calculating the environmental 

impacts of aluminium products fabricated in Europe. Among key findings are:  

- The Global Warming Potential (GWP) for primary aluminium production in Europe 

decreased by 21% versus 2010.  However, the overall environmental impact of the primary 

aluminium used in Europe remains relatively stable balanced by an equivalent increase in 

the environmental imp act of imports. The carbon intensity of the primary aluminium 

production in Europe is approximately 7 kg CO 2- eq per kg of aluminium produced 

compared to a global average of 18 kg CO 2-eq per kg of aluminium;Since 2010, the Global 

Warming Potential (GWP) for  the aluminium rolling mill process decreased by 25%, for the 

extrusion process decreased by 11% and for process scrap recycling reduced by 9% 

(European Aluminium 2018b).  

EU OSH requirements exist to protect workersô health and safety, employers need to 

identify which hazardous substances they use at the workplace, carry out a risk 

assessment and introduce appropriate, proportionate and effective risk management 

measures to eliminate or control exposure, to consult with the workers who should receive 

traini ng and, as appropriate, health surveillance 27 .   

According to the CLP Regulation European Commission No 1272/2008, aluminium is 

classified as:  

- Water - react. 2  

- Pyr. Sol 1 or Flam. Sol. 1  

 Contribution to low - carbon technologies  

Aluminium can play a key role in low -carbon technologies and energy -efficient applications 

due to its specific properties such as lightweight, heat and electrical conductivity, 

corrosion - resistance, recyclability, and formability.  

Due to its lightweight, improved fuel efficiency and carb on emissions reduction are 

achievable through increased aluminium use in transport without compromising safety, 

from passenger aircraft to cars. Aluminium replacing steel in car manufacture reduces the 

overall weight of the vehicle (Euromines 2019b). Also,  aluminium used in buildings 

improves energy efficiency, notably via windows, curtain walls and ventilated facades 

(European Aluminium 2019c). The recyclability and durability of aluminium contribute 

further to the sustainability of buildings. Aluminium re cycling rates from construction 

materials are in the order of 90% while aluminium use in buildings and construction offers 

long service life without maintenance (Eurometaux 2015)(European Aluminium 2019e). 

Moreover, aluminium is a material used in wind and  solar power installations, as well as 

in charging infrastructure for electric vehicles (European Aluminium 2019e) (European 

Political Strategy Centre 2018). In wind turbines in particular, several tonnes of aluminium 

may be required in parts such as the g earbox, while materials based on aluminium 

honeycomb technology combining high strength and low weight may be used in blades 

and cores within wind turbines. In solar thermal systems, aluminium is used primarily in 

absorbers, casings and frames (Euromines 2 019). Finally, aluminium becomes the 

                                           
27 https://ec.europa.eu/social/main.jsp?catId=148 

https://www.european-aluminium.eu/resource-hub/environmental-profile-report-2018/
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preferred material for high and extra -high voltage submarine cables, which will play a 

significant role in connecting northern and southern Europe, ensuring a more liquid 

electricity market by transporting renewable ene rgy to where it is needed (European 

Aluminium 2019e).  

 

 Socio - economic issues  

Bauxite mines are commonly found in the tropical and sub - tropical area; thus deposits 

often overlap or are adjacent to, areas of high conservation value. Besides, bauxite mining 

and related activities usually take place on, or near, indigenous lands and local 

communities. Mining frequently requires access to large zones of land and water resources 

that sustain local communities (IAI, Australian Aluminium Council, and Brazilian 

Alu minium Association 2018).  

The Performance Standard of the Aluminium Stewardship Initiative (ASI, 2019) includes 

principles for the respect of human rights especially in the context of local community 

relationships, resettlement, and cooperation with indig enous people, in order to obtain 

their free and informed consent before the approval of any project affecting their lands or 

territories.  

Guinea, which holds the most extensive world reserves of bauxite, is the EUôs most 

important supplying country for ba uxite and one of the top world exporters. Guinea has 

very weak governance (World Bank 2018), and the Human Development Index value for 

2017 is very low (0.459), which positions the country at 175 out of 189 countries and 

territories in the low human develo pment category (UNDP 2018). A report released by the 

Human Rights Watch (2018), focusing on the Guinea ôs two largest mining projects, 

highlights the profound human rights consequences to local communitie s that live closest 

to the fast -growing bauxite mining industry such as damages to water sources, loss of 

farmlands, undermined air quality etc.  

3.6  Comparison with previous EU assessments  

The assessment has been conducted using the revised methodology introdu ced in the 

2017 assessment. For bauxite, the calculation of the supply risk (SR) was carried out at 

the extraction stage of the value chain, and for primary aluminium at the processing stage, 

in both cases using both the global HHI and EU HHI calculation a s prescribed in the 

methodology. No assessment has been made of the criticality of the intermediate stage 

between bauxite and primary aluminium, namely the production of alumina. The same 

stages for each material were evaluated in the 2017 exercise. It has  to be noted that the 

assessment for aluminium does not address the aluminium ingot supply (i.e. aluminium 

metal), but only primary aluminium. The results of this and earlier assessments are 

presented in Table 22 .  

Table 22 : Economic importance and supply risk results for bauxite and 

aluminium in the assessments of 2011, 2014, 2017, 2020 (European 

Commission 2011)(European Commission 2014b)(European Commission 

2017b)  

Assessment  2011  

 

2014  

 

2017  

 

2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Bauxite  9.5  0.3  8.5  0.6  2.6  2.0  2.9  2.1  

Primary 

Aluminium  
8.9  0.2  7.6  0.4  6.5  0.5  5.4  0.6  

 

https://www.hrw.org/africa/guinea
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The revised criticality methodology affects both the economic importance (EI) and supply 

risk (SR) calculations; therefore the calculated indicators of EI and SR are not directly 

comparable with results of the 2011 and 2014 assessments. For example, the decrease of 

economic importance of bauxite between 2014 and 2017 is an interpretation biased by the 

change in methodology.  

For bauxite, the supply risk indicator is marginally higher (SR=2.06, rounded to 2.1) in 

comparison to the 2017 assessment (SR=2.04, rounded to 2.0). For primary aluminium, 

the SR resu lt is slightly higher (SR=0.59, rounded to 0.6) compared to the 2017 

assessment (SR=0.49, rounded to 0.5), reflecting the rising trend in the concentration of 

global supply.  

The calculation of economic importance is based on the use of the NACE 2 -digit sec tors 

and the value -added for the identified sectors (see Table 2 and Table 3). The figures used 

for the value -added were the averages of the period 2012 -2016, corresponding to 27 

Member States (i.e. excluding UK).  

For bauxite, the same allocation of end uses and corresponding 2 -digit NACE sectors was 

applied in the 2017 and the current assessment for the calculation of the economic 

importance indicator (EI). The increase in EI in comparison to the 2017 assessment can 

be attributed to the results scaling s tep 28 , because the value -added of the largest 

manufacturing sector in the current assessment is lower, as it corresponds to 27 Member 

States (i.e. excluding UK). In contrast, in the 2017 assessment it was related to EU28.  

The calculation of economic importance for aluminium is not straightforward due to its 

wide - ranging end uses. Hence, for the mobility application sector, two 2 -digit NACE sectors 

have been applied and the calculation formula adjusted to accommodate this. In reality, 

other 2 -digit NAC E sectors may include some aluminium which have not been incorporated 

into the assessment. The difference in the EI of aluminium compared to the previous 

assessment is attributed to the fact that to each of the applications óTransportô and 

óAutomotiveô the whole percentage of Al demand (39%) was allocated in 2017. In the 

current assessment, the updated share of total demand (42%) for these two applications 

is equally split between them (21% each). Moreover, the applications of ñConsumer 

durablesò in the current assessment is associated with the more relevant 2 -digit NACE 

sector C25 ñManufacture of fabricated metal products, except machinery and equipmentò 

and not with the sector C28 ñManufacture of machinery and equipment not elsewhere 

specifiedò. 

3.7  Data sourc es  

The source of bauxite and primary aluminium production data was óWorld Mining Dataô 

published by the Austrian Federal Ministry for Sustainability and Tourism and the 

International Organising Committee for the World Mining Congress. Trade data were 

extra cted from Eurostatôs Comext database. The dataset developed by the EU MSA study 

of aluminium was the source for the EoL -RIR.  Data on trade agreements are taken from 

the DG Trade webpages, which include information on trade agreements between the EU 

and oth er countries. Information on export restrictions is derived from the OECD database 

on export restrictions on Industrial Raw Materials. The European Aluminium Association 

was the source of end -uses for aluminium products in Europe, and the Aluminium/Bauxite  

factsheet of the 2017 assesment the source for bauxite end -uses.  

 

                                           
28 The results are scaled by dividing the calculated EI score by the value of the largest manufacturing sector NACE 
Rev. 2 at the 2-digit level and multiplied by 10, in order to reach the value in the scale between 0-10. 
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4 BERYLLIUM 

4.1  Overview  

 

Figure 52 : Simplified value chain for beryllium 29  for the EU, averaged over 

2012 - 2016  

Beryllium (Be, atomic number 4, formerly also known as glucinium) is a lightweight, dark, 

silver -grey metal with hexagonal -close -packed structure, with high thermal stability and 

conductivity, flexural rigidity. Beryllium was on the EUôs list of critical raw materials in 

2011, 2014 and 2017. For the purpose of this assessment, beryllium was assessed at ores 

and concentrates and refined stage. The trade code for beryllium ores and concentrates is 

CN 26179 00003 . Two trade codes exist for refined  beryllium :  CN 28259020 ñBeryllium 

oxide and hydroxideò and CN 81121200 ñunwrought beryllium; beryllium powdersò, which 

however could not be used in the calculations.  All quantities are provided in Be content. 

Approx imately 80% of beryllium in commerce exists as an alloy with copper, typically 

containing 2% or less beryllium.  

   

Figure 53 : EU consumption and sourcing of refined Beryllium.  

 

                                           
29  JRC elaboration from multiple sources (see next sections).  The orange boxes of the production and processing 

stages suggest that activities are not undertaken within the EU. *The quantity in the Processing stage in the EU 

refers to criticality assessment 2017.  
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The annual worldwide production of beryllium in 2 014 is estimated at 300 tonnes, expected 

to increase to more than 425 tonnes per year by 2030 (BeST, 2019b) . Beryllium is not 

traded on any metals exchange. The price of beryllium is dependent on the form. Prices 

are established by direct contract negotiat ion between primary producers and refiners or 

users (European Commission, 2017).  USGS publishes an estimated annual average price 

of beryllium content in beryllium -copper master alloys. In 2018, the price of contained 

beryllium in ber yllium -copper master alloy was USD 500 perkg (USGS, 2019).  

The average annual EU consumption of refined beryllium in 2016 was estimated at 37.5 

tonnes per year (BeST, 2019a). The EU relied entirely on imports to meet its demand for 

refined beryllium in 201 2-2016. More than half of the refined beryllium supply to the EU 

came from the United States.  

The application of beryllium is indispensable in defence, transportation or energy 

applications where reliability is essential to ensure safe operation, includin g the 

construction of the ITER fusion reactor. Other uses are in electronic and 

telecommunications equipment and industrial components (European Commission, 2017).  

World resources of beryllium are estimated at 100,000 tonnes, of which 60% are located 

in th e United States. In the United States, proven and probable reserves were estimated 

at about 21,000 tonnes of beryllium content (USGS, 2019). Resources of beryllium in 

Europe are known to exist in Austria, Czechia, France, Finland, Germany, Italy, Portugal,  

Spain, Sweden, and Norway. There are no known reserves of beryllium in the EU.  

The world annual production capacity of beryllium ores and concentrates in 2016 was 

estimated at 5,360 tonnes. The two major producers of beryllium ores were the United 

States (72% of global supply) and China (22% of share) (BeST, 2019a). In the EU, no 

beryllium is mined in 2016.  

Global supply of refined beryllium in 2016 was estimated at 220 tonnes. Refined beryllium 

was mostly produced in the United States (50% of global supp ly), followed by Kazakhstan 

(25%), Japan (17%), and China (8%) (BeST, 2019a). Among these countries, the EU has 

a free - trade -agreement in place with Japan.  

Beryllium is not recycled from end finished products (end -of - life recycling input rate 0%), 

but bet ween 94% and 100% of new scrap is recycled (between 100 and 135 tonnes in 

2013, i.e. about 20% of global demand).  

Beryllium -containing dusts are toxic by inhalation causing chronic beryllium disease (CBD), 

also called chronic berylliosis, a chronic life - th reatening lung disease. Therefore, industrial 

risk mitigation measures are implemented in the EU (European Commission, 2014).  

4.2  Market analysis, trade and prices  

 Global market analysis and outlook  

Beryllium annual consumption is expected to grow to 425 tonnes per year by 2020 and to 

more than 450 tonnes per year by 2030, driven by applications such as the construction 

of the ITER fusion reactor (BeST, 2019b). It is not possible to split the forecast  by major 

end -market applications, due to the lack of available data. The larger increases are 

expected in defence and commercial applications such as (non -medical and industrial) X -

ray products, semiconductor processing equipment and new types of berylliu m alloys.  

According to Freeman (2016), the demand for beryllium products will increase for the next 

10 years, starting from 20 16, as well as for the supply. Forecast on 20 years was not 

available  
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Table 23 : Qualitative forecast of s upply and demand of Beryllium (Data from 

Freeman, 2016)  

Materials  

Criticality of the 
material in 2020  

Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  10 years  20 years  

Beryllium  x  +  +  ? +  +  ? 

 

 EU trade  

The EU does not import any beryllium ores  (CN 2617900003)  because there are no 

processing activities undertaken in the EU, also in the period considered for this 

assessment (2012 -2016).  

The EU sourced refined beryllium exclusively from import.  The EU import of refined 

beryllium  amounted to 37.5 tonnes per year on average for the period 2012 -2016 (BeST, 

2019a). Approximately 80% of beryllium imported in to the EU are beryllium -containing  

alloys  (mainly copper -beryllium alloys CuBe 2)  and master alloys, 15% in the form of pure 

metal and the remaining 5% are used in beryllium oxide ceramics. Figure 55  shows the 

EU import s of refined be ryllium. The suppliers of the EU are the U nited States  (55%), 

Kazakhstan (23%), Japan (17%), with whom the EU has a free - trade -agreement in place, 

and China (5%) (BeST, 2019a).  

Eurostat -Comext report s trade of processed beryllium  under two codes: 28259020 

ñberyllium oxide and hydroxideò and 81121200 ñunwrought beryllium; beryllium powdersò. 

Unfortunately t hese data are not sufficient to depict EU imports and exports of all refined 

beryllium (no codes for several types of refined beryllium, for example coppe r-beryllium 

alloys, the major part of EU import of beryllium). For this reason Comext data could not 

be used in the calculations. For illustration purposes  only , trade flows for beryllium in  

Figure 54  refer  to ñunwrought beryllium; beryllium powdersò. 

 

Figure 54 : EU trade flows for ñunwrought beryllium , beryllium powders ò (CN 

81121200); . Data source: Eurostat - Comext (Eurostat, 2019a)   

 



84  

 

  

Figure 55 : EU imports of refined Be, annual average 2012 - 2016. Data source: 

(BeST, 2019a)  

There were no exports taxes, quotas or prohibition of Be products in place from countries 

exporting to the EU (OECD, 2019).  However, according to experts, in the defence sector, 

there was a need of export licenses from the US or Kazakhstan (Freeman, 2016). On the 

contrary, the United States were not allowed to export Beryllium to China (BeST, 2019a).  

 Prices and price volatilit y  

Since beryllium is not traded on any metals exchange , there is no quotation on stock 

market. Prices are established by direct contract negotiation between primary producers 

and refiners or users (BRGM, 2016).  There is no publication of beryllium prices n either on 

Metal Pages nor Metal Bulletin. The USGS publishes an annual average estimated price of 

beryllium -copper master alloy as presented in Figure 56 .   

 

 

Figure 56 : Price trend of beryllium  contained in beryllium - copper alloy US D 

per kg. Data source: USGS (USGS, 2019)  

According to experts, the price of beryllium is dependent on its form (BeST, 2016b). The 

following prices refer to the prices of the specific beryllium containing products.  

¶ As a fully machined aerospace component of pure beryllium: ú300 ï 1,500/kg  

¶ As a cast aluminium 39% beryllium alloy aerospace component: ú200 ï ú500/kg 

¶ As a copper 2% beryllium alloy: ú20 ï 50 /kg  

¶ As a copper 0.3% beryllium alloy in strip form: ú12 ï 20 /kg  
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4.3  EU demand  

Annual worldwide production of refined beryllium (in alloys, metal or ceramics) in 2016 is 

estimated as 220 tonnes (BeST, 2019a).  

 EU demand and consumption  

The annual EU consumption of beryllium ores is null. In the EU, the consumption of 

processed beryllium materials is about 37.5 tonnes per year of beryllium content over the 

average 2012 -2016 (BeST, 2019a). Approximately 80% of beryllium used in the EU goes  

into copper -beryllium alloys (containing 0.2 -2% of beryllium) for the manufacture of high 

performance electrically conductive terminals and mechanical components. About 15% of 

beryllium is used in a metal matrix containing over 50% beryllium. The remainin g 5% of 

beryllium are used in beryllium oxide ceramics for producing electrical insulation 

components with high thermal conductivity.  

Berylliumôs superior chemical, mechanical and thermal properties make it a favourable 

material for high technology equipme nt (e.g. in aerospace) for which low weight and high 

rigidity are important qualities. A large share of the world pure beryllium production is 

used for military purposes. Due to the high price and unique properties, only small 

amounts of pure beryllium are  used in the civilian sector (European Commission,2014; 

Freeman, 2016).  

 Uses and end -uses of Be in the EU  

Figure 57  presents the main uses of beryllium in the EU  over the year 2012 -2016 . 

 

Figure 57 : EU  end uses of Beryllium. ( SCRREEN , 2019;  Be ST, 2019;   

The end -uses of beryllium products in the EU are the following (CRM Experts, 2019):  

¶ Electronics and telecommunication equipment: Beryllium is used as an alloying 

element in copper to improve its mechanical properties without impairing the 

electric conductivity. Copper beryllium is used in electronic and electrical 

connectors, battery, undersea fibre optic cables, chips (c onsumer electronics + 

telecommunications infrastructure)  

¶ Transport and Defence:  

o Automotive electronics: connectors in vehicle components (Copper -

Beryllium -  CuBe) for air -bag crash sensor and deployment systems, 
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airbags, anti - lock brake systems and many ot her life safety applications, for 

weather forecasting satellites, undersea earthquake tsunami detection 

monitors, air traffic control radar, fire sprinkler systems (Nickel -Beryllium 

(NiBe), power steering and electronic control systems, etc.  

o Other light me tal vehicle components (Be used for recycling process of 

magnesium containing light alloys in <10 ppm): car body panels, seat 

frames, car steering components and wheels, etc.  

o Aerospace components: landing gears, engine for aircraft, mirrors for 

satellites,  etc.  

¶ Industrial components:  

o Moulds for rubber and plastics, made of CuBe alloys  

o Metals: Bar, plate, rod, tube, and customized forms  

¶ Energy application: copper -beryllium is used to stop the leaking during the Oil 

spills, as well as in non -magnetic equipment, down -hole equipment and non -

sparking safety equipment used to improve extraction equivalent of energy 

applications. Pure beryllium is used in fusion r esearch and fission energy 

production.  

¶ Others: among others, Be in medical application is used as beryllium foil for high -

resolution medical radiography, including CT scanning and mammography; 

beryllium oxide ceramic in lasers; beryllium as components to analyse blood and 

in X - ray equipment, etc.  

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2019c) in 

Table 24 .  

Table 24 : Beryllium applications, 2 - digit and associated 4 - digit NACE sect ors 

and value added per sector ( Da ta from the Eurostat database; Eurostat, 2019c )  

Applications  2 - digit NACE sector  

Value added 

of 2 - digit 

NACE sector 

(Mú) 

4 - digit NACE sectors  

Electronic and 

telecommunicati

ons equipment  

C26 -  Manufacture of 

computer, electronic 

and optical products  

65,703 C2610 Manufacture of 

electronic components, 

C2630 Manufacture of 

communication equipment  

Transport and 

Defence: Vehicle 

electronics  

C26 -  Manufacture of 

computer, electronic 

and optical products  

65,703 C2651 Manufacture of 

instruments and appliances 

for measuring, testing and 

navigation, C2670 

Manufacture of optical 

instruments and 

photographic equipment  

Transport and 

Defence: Auto 

components  

C29 -  Manufacture of 

motor vehicles, 

trailers and semi -

trailers  

160,603 C2930 Manufacture of other 

parts and accessories for 

motor vehicles: Airbags, car 

body panels, seat frames, 

car steering components and 

wheels  

Transport and 

Defence: 

Aerosp ace 

components  

C30 -  Manufacture of 

other transport 

equipment  

44,304 C3030 Manufacture of air 

and spacecraft and related 

machinery: Landing gears, 

engine for aircraft, mirros for 

satellites  
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Applications  2 - digit NACE sector  

Value added 

of 2 - digit 

NACE sector 

(Mú) 

4 - digit NACE sectors  

Energy 

application  

C26 -  Manufacture of 

computer, electronic 

and optical products  

65,703 C2651 Manufacture of 

instruments and appliances 

for measuring, testing and 

navigation  

Industrial 

components: 

Moulds  

C28 -  Manufacture of 

machinery and 

equipment n.e.c.  

182,589 C2823 Manufacture of 

machinery for metallurgy 

ceramic  

Industrial 

components:  

Metal  

C24 -  Manufacture of 

basic metals  
55,426 C2420 Other non - ferrous 

metal production: Bar, plate, 

rod, tube, and customized 

forms  

 Substitution  

Substitution of beryllium always leads to a loss of performance. As beryllium is expensive, 

it is used only when it is absolutely needed (Freeman, 2016). For example, copper -

beryllium is used when reliability is essential to ensure safe operation in the defence, 

transport or energy sector. Pure beryllium and aluminium -beryllium (with 6 2% of 

beryllium) are used only in applications where the unique property combinations are 

essential for mission capabilities. (BeST, 2016a).  

   

No other alloys offer the same combinations of copper -beryllium alloys, aluminium -

beryllium alloys or pure beryl lium properties. In all cases, there is a reduction in 

performance.  

Alternate materials for copper -beryllium alloys may include (BeST, 2016a):  

¶ Copper nickel silicon alloys (Corson alloys)  

¶ Copper iron alloys  

¶ Copper titanium alloys  

¶ Copper Nickel Tin Spinodal  Alloys (Cu -Ni-Sn)  

¶ Phosphor bronzes (Cu -Fe-P) 

¶ High Performance Bronzes (Cu -Pb-Sn + Al / Fe / Mn)  

 

Alternate materials for the mechanical properties provided by beryllium metal could 

include (BeST, 2016a):  

¶ Titanium alloys  

¶ Magnesium alloys  

¶ Aluminium alloys  

¶ Carbon fibre composite  

 

Alternate materials for the thermal properties provided by beryllium metal:  

¶ Aluminium metal matrix composites with Silicon Carbide / Boron Nitride  

¶ Carbon Reinforced Composites  

 

The share of applications where beryllium can be substi tuted by these materials is less 

than 10%, especially for some applications in the defence, transportation and energy 

sector.  

 

In parallel to substitution, reduction in the quantity of beryllium used in applications is also 

not feasible, since in practice beryllium is only used where absolutely necessary, for high 

priceconstrain. Furthermore,  the most prevalent use of beryllium occurs in copper -

beryllium alloys, which only contain between 0.2% ï 2% of beryllium (BeST, 2019c).  
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4.4  Supply  

 EU supply chain  

The flows of beryllium through the EU economy are demonstrated in Figure 58 .  

The EU has only limited involvement in the supply chain of beryllium for t he manufacturing 

of products made of pure beryllium and copper -beryllium (CuBe) alloys. The supply chain 

of beryllium in the EU is summarised as follow:  

¶ The extraction and processing stage of beryllium takes place outside the EU. There 

are no known reserv es of beryllium in the EU and no beryllium ores and 

concentrates are imported into the EU. Primary beryllium is processed into 

beryllium oxides and hydroxides outside the EU (Bio Intelligence Service, 2015).  

¶ Over the years 2012 -2016, the import reliance o f the EU on beryllium has been 

estimated at 100%. The EU entirely depends on imports of processed and semi -

finished products, mainly under the form of beryllium master alloys and alloys 

(around 30 tonnes of beryllium per year), beryllium metal (around 5.6 tonnes of 

beryllium per year), and beryllium oxide (around 1.9 tonnes). There is no 

production of alloys or metal but reprocessing (rolling, stretching, slitting, cutting) 

of imported strips and bars (BeST, 2019a; Bio Intelligence Service, 2015). Some 

bery llium ceramics are produced in the EU out of imported beryllium oxides. The 

European industry uses these processed materials to manufacture various finished 

products. Some beryllium -copper alloy strip, rod, bar and plate products are 

produced in France, Ge rmany and Switzerland.  

¶ During the manufacture step, the European industry generates a lot of scrap 

(around half of the beryllium input) which is generally sent back to suppliers outside 

Europe for recycling (Freeman, 2016). The EU also imports a large quan tity of 

finished products containing beryllium (Bio Intelligence Service, 2015).  One 

company in France is known to treat Beryllium -copper alloy scrap to produce new 

alloy (Sundqvist Ökvist et al. 2018) . 

¶ The beryl lium contained in the waste ends up in landfill or is downcycled with a 

large magnitude material stream. However, there is no post -consumer functional 

recycling of beryllium in Europe and in the world (Bio Intelligence Service, 2015).  

 

 

Figure 58 : Simplified MSA of beryllium flows in the EU in 2012 (BIO Intelligence 

Service, 2015)  
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 Supply from primary materials  

4.4.2.1  Geology, resources and reserves of beryllium  

Geological occurrence: Beryllium is a relatively rare element with  a concentration of 

about 2.8 -3 ppm in the earthôs crust, and 2.1 ppm in the uppercrust (Rudnick, 2003). It 

is concentrated in some minerals, predominantly in beryl and bertrandite (BeST, 2016b; 

European Commission, 2014).  

Until the late 1960s the only ber yllium mineral commercially exploited was beryl 

(Be3Al2Si6O18) . Beryl contains between 3 and 5% of beryllium but the material is harder 

than bertrandite (Be 4Si2O7(OH) 2) leading to difficulties to refine into beryllium. Today the 

most important commercial b eryllium mineral is bertrandite (over 75% of mining 

operations) which is extracted from ores containing 0.3 -1.5% beryllium. Beryllium is also 

extracted from beryl as a by -product of small - scale emerald gemstone mining operations 

in Brazil, Argentina and ot her countries in South America and Africa (BeST, 2016b).  

Global resources and reserves:  World resources of beryllium are estimated a t  about 

100,000 tonnes, of which 60% of it is located in the Spor Mountain deposit in Utah, United 

States. The proven and probable reserves from this deposit is estimated a t  21,000 tonnes 

of beryllium content respectively (USGS, 2019). No information is ava ilable for the 

breakdown of world reserves by country.  

EU resources and reserves: The Minerals4EU reports no data on beryllium resources 

and reserves in the EU (Minerals4EU, 2019).  

According to experts, there are very limited resources (about 12 tonnes) o f beryllium in 

Europe. (Bio Intelligence Service, 2015). There are known resources of beryllium in several 

locations in Europe, notably the Bordvedaga deposits at Rana in the north of Norway. 

Smaller deposits are also known to exist in Germany, Czechia and  Ireland (Bio Intelligence 

Service, 2015). These resources are in the form of beryl crystals and areusually found in 

a matrix of granitic pegmatite rock . 

According to a report by Lauri, L. et al. (2018), the following countries in Europe are known 

to have resources of beryllium , though most of them are not of economic significance:  

Å Austria. Beryl -bearing complex pegmatites are known to be present in 

various locations in Austria. Only two deposits (Spittal/Wolfsberg feldspar 

deposit and Markogel granite qua rry) are reported to  hav e extracted in the 

past, but no data for beryllium is given.  

Å Czechia. Rare -metal pegmatites and granites containing contain beryl as an 

ore mineral are known to exist, but only two occurrences (Rasovna Marġ²kov 

and Vetrny Vrch) rep ort beryllium as the main commodity.  

Å Finland. Beryllium minerals are known to be present in Finland. Beryllium 

contents are reported from four deposits in Finland. The resource estimate 

available is available for the Rosendal deposit (South -West of Finlan d) with 

206.85 tonnes of beryllium.  

Å France. According to BRGM (2016), there are some known resources in 

France in 6 deposits, including one evaluated at 2,400 tonnes of contained 

beryllium (BRGM, 2016). Tens of granite intrusions and granitic pegmatites 

with beryllium minerals are known in F rance, mostly located in Bretagne in 

(North -West of France) and in the Pyrenees (Lauri et al., 2018)  

Å Germany. Beryllium minerals are present in many granites and granitic 

pegmatites. No records available for beryllium mining (Lauri et al., 2018)  
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Å Italy. So me occurrences of beryllium associated with granitic pegmatites are 

known, but they are mainly with mineralogical interest.  

Å Portugal. Portugal has had deposits in complex granitic pegmatites 

containing beryl in addition to Sn, Nb, Ta, and W minerals. Small - scale 

beryllium production took place in the mid -1900s from several deposits.  

Å Spain. Four beryllium -bearing occurrences are listed. Three of these are 

granitic pegmatites that contain beryl as an ore mineral. One occurrence 

(Galiñeiro) is associated with  peralkaline gneisses and is currently of interest 

in terms of REE exploration.  

Å Sweden. One beryllium deposit and closed mine, Selvitberget, was reported 

but there is no resource estimate available  

Å In addition, the area of Högtuva in the middle of Norway, Nordland County 

was reported to host several spatially restricted Be beryllium deposit with 

phenakite as the main ore mineral (Schilling, et. al., 2015).  

However, according to experts, there are no reserves of beryllium in Europe (Bio 

Intelligence Service,  2015).  

4.4.2.2  World and EU mine production  

The world annual production of beryllium ores in average between 2012 and 2016 was 

approximately 251 tonnes of beryllium content, mainly in the United States (220  tonnes ), 

China (20  tonnes ) ( Figure 59 ). There is no reported mining of beryllium ores in the EU  

(USGS, 2019).   

 

 

Figure 59 : Global mine production of beryllium in tonnes and percentage. 

Average for the years 2012 - 2016. Data source: USGS (USGS, 2019)  

 

 Supply from secondary materials/recycling  

4.4.3.1  Post - consumer recycling (old scrap)  

There is no known post -consumer functional recycling of beryllium in Europe and in the 

world. Berylli um is not recycled from end finished products (BeST, 2016b), therefore the 

end of life recycling input rate is 0%. The recuperation of pure metal of beryllium from 

end finished products is extremely difficult because of the small size of components and 

the  tiny fraction of beryllium contained in appliances (less than 40 ppm in appliance having 

the highest amount of Be) (BeST, 2016b).  The beryllium contained in the waste usually 
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ends up in landfill. The stock accumulated in landfill in the EU over the last 2 0 years is 

estimated at around 610 t onnes  of beryllium content (Sundqvist Ökvist et al. 2018) .  

4.4.3.2  Industrial recycling (new scrap)  

Beryllium can be recovered from new scrap generated during the manufacture of beryllium 

products and from old scrap. Almost all the new scrap (between 94% and 100%) is sent 

back to the producer and recycled (Freeman, 2016). In 2013 secondary beryllium 

production from new scrap recycling was between 100 and 135 tonnes, i.e. about 20%  of 

global demand (BRGM, 2016).  

There are some companies that recycle beryllium new scrap , for example Monico Alloys 

and Materion (United States). In the EU, NGK Berylco ( France ) , located near Nantes , is 

known to treat Beryllium -copper alloy scrap to produ ce new alloy. (Sundqvist Ökvist et al. 

2018) . 

 Refining of beryllium  

The extraction of beryllium from its main sourceôs beryl and bertrandite involves several 

stages. After mining the ores, they are first converte d to an acid -soluble form. To obtain 

comparatively pure beryllium hydroxide or oxide, and in a further step beryllium chloride 

or fluoride, complex chemical processes are used. These halogenides are then reduced to 

metallic beryllium with other metals or b y melt electrolysis. The beryllium metal obtained 

is subject to one or more refining processes and finally to further treatment.  The metal or 

other product is then incorporated into the end product, before being sent on for use 

(BeST, 2016b).  

Annual worldwide production of refined beryllium (in alloys, metal or ceramics) in 2016 is 

estimated as 220 tonnes. The US production accounted for 50% (110 tonnes) of the share 

of global production followed by Kazakhstan (55 tonnes), Japan (37.4 tonnes) and Chin a 

(17.6 tonnes), each with 25%, 17%, and 8% of share respectively. (BeST, 2019a)  

The United States possesses fully integrated beryllium producer in the world, involved in 

the mining, ore processing, manufacture, sale and recycling of beryllium -bearing prod ucts. 

Japan does not extract beryllium ores but refine it from imports (Freeman, 2016) 

Kazakshstan refines its beryllium from stockpiled ores and will most likely to continue to 

do so in the future (BeST, 2019c).  

 
Figure 60 : Glob al production of refined beryllium products. (BeST, 2019a), year 

2016  
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4.5  Other considerations  

 Environmental and health and safety issues  

Because of the toxic nature of beryllium, various international, national, and State 

guidelines and regulations have been established regarding beryllium in air, water, and 

other media. Industry is required to carefully control the quantity of beryllium pa rticles as 

dust, fumes, and mists in the workplace (USGS, 2019).  

In the EU, beryllium is classified under the Europea n regulation as a carcinogenic material 

of 1B category under the Guidance on Labelling and Packaging. It is highly toxic if inhaled 

in dus t form during some operational steps, leading to chronic respiratory disease called 

chronic beryllium disease (European Commission, 2014).  

Beryllium was evaluated by the German Federal Institute of Occupational Safety and 

Health, BAuA 30  under the REACH Com munity Rolling Action Plan (CoRAP) in 2014. The 

evaluation concluded that the risk associated to the exposure of beryllium is limited to the 

workplace. Beryllium is not on the REACH Substance of Very High Concern (SVHC) list and 

is not restricted under REA CH or any other EU Directive in relation to its uses. In line with 

BauAôs recommendation, beryllium was considered for regulation under the EU Carcinogen 

and Mutagen Directive (CMD) 31  and an EU wide binding occupational exposure limit was 

adopted. The EU ad opted a binding occupational exposure limit (OEL) for Beryllium and 

compounds of 0. 2 µg/m 3 ï inhalable fraction 8 Hour Time Weighted Average ï in the frame 

of the Carcinogens and Mutagens Directive. A transitional OEL of 0.6 µg/m 3 was adopted 

until 11 July  2026 in order to aid industry to comply with the new occupational exposure 

limit (BeST, 2019c)). In 2017, a voluntary workers protection programme was launched 

by industry in the sector to engage various stakeholders to improve workers safety during 

the p roduction and processing of beryllium -containing materials in the EU 32 .  

4.6  Comparison with previous EU assessments  

The assessment has been done using the same revised methodology as used in the 

assessment for the CRM list 2017. The results of this and earlier  assessments are shown 

in Table 25 .  

Table 25 : Economic importance and supply risk results for beryllium in the 

assessments of 2011, 2014 (European Commission, 2011; European 

Commission, 2014) and 2017  

Assessment  2011   2014   2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Beryllium  6.17  1.32  6.74  1.45  3.9  2.4  4.17  2.29  

The economic importance of beryllium has slightly reduced compared to the value from 

2017. Since the end -use sectors of beryllium remained the same as in the assessment in 

2017, this decrease is the result of the change in the value added in the sectors fo r which 

beryllium is relevant.  

In this criticality assessment, the supply risk of beryllium was assessed at both extraction 

and refining stage. The supply risk presented in Table 25  referred to the value of supply 

risk at extraction stage, which resulted higher than the value of the refining stage. In 

general, the supply risk of beryllium has lowered in comparison to the supply risk in 2017, 

                                           
30 Bundesanstalt für Arbeitsschutz und Arbeitsmedizin 
31 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L0983 
32 ά.Ŝ wŜǎǇƻƴǎƛōƭŜέ ς www.berylliumsafety.eu 
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because the g lobal supply of beryllium ores and concentrates over the year 2012 -2016 

was less concentrated than in 2010 -2014.  

4.7  Data sources  

The quantitative data for Be production at extraction stage for the 2012 -2016 period was 

available from World mining data (in metric tonne of concentrates) and the USGS. 

Preference was given to the data provided by the USGS since it reported beryllium mine  

production in beryllium content.  

Eurostat data was not usable for beryllium refined products (only beryllium oxide and 

powders, and no master alloys) (Eurostat, 2016a; Eurostat, 2016b). The SCRREEN experts 

network provided information on refined berylliu m products global supply for the year 

2016 and EU supply for the assessment of supply risk of beryllium at refined stage for the 

year 2012 -2016.  
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5 BISMUTH  

5.1  Overview  

 

Figure 61 : Simplified value chain for Bismuth (2012 - 2016 average figures) 33  

Bismuth (chemical symbol Bi) is a very brittle metal with a pinkish metallic lustre. It occurs 

naturally in the minerals bismuthinite (sulfide), bismutite (carbonate) and bismite (oxide). 

Very rarely extracted  as main metal, it is mainly a by -product of lead and tungsten. 

Bismuth was on the list of CRMs in 2017 and not assessed before.  

For the purpose of this assessment bismuth at processing stage is analysed. Bismuth is 

assessed in the form of bismuth metal (9 9.8% Bi contained, CN8 code CN8 81060010)  

Quantities expressed in tonnes of bismuth content.  

The world market value of refined bismuth production is estimated to U SD 6.828/t over 

the period Oct 2018 -  Sept 2019 (DERA 2019). Over the period 2012 -2016 China was the 

top producer of mined and refined bismuth. Bismuth is not traded on any metals exchange, 

and there are no terminal or futures markets where buyers and sellers can fix an official 

price. New environmental policies that came into effect in China in 2 018, resulted in many 

bismuth smelters shutting down temporarily for inspections or permanently for infractions 

(USGS 2019). Global bismuth prices decreased from USD 10.635/t in the period Jul 2017 

ï Jun 2018 to USD 6.828/t in Oct 2018 -  Sept 2019 (DERA 201 9).  

  

Figure 62 : End uses (Blazy 2013) (SCRREEN Workshop 2019) and EU sourcing 

of Bismuth. (2012 - 2016 average) (DERA 2015)(USGS 2016)(Eurostat 2019b)  

The EU consumption of bismuth is 1,985 t, which is imported mainly from China and 

sourced through domestic production  in Belgium. The EU is a net importer of refined 

                                           
33 JRC elaboration on multiple sources (see next sections) 
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bismuth.  EU import reliance on refined bismuth is almost 50% (average of 2012 -2016) 

due to the predominant share of imports from China in the EU supply for this period,  which 

represents 93% of the total EU imports (1,135 t).  

Bismuth is mainly used  in the pharmaceutical and animal Ȥfeed industries (62%). Fusible 

alloys represent the second most important use (28%). Other uses include metallurgical 

additives and a number of  other industrial applications such as coati ngs, pigments, and 

electronics (Ecclestone 2014) (Blazy 2013) (SCRREEN workshops 2019). Substitutes exist 

for bismuth in many applications as in some of them it is primarily used for its non - toxicity 

as a replace ment for already existing materials (metals).  

During the Minerals4EU (2019)  project, resources of bismuth were reported only in 

Bulgaria in the category ñNo statistical data available but resources known or believed to 

existò. Exploration projects were mentioned in Portugal and Slovakia with no further 

information ( Minerals4EU 20 19 ). World reserves of bismuth are estimated at around 

370,000 t o f contained bismuth (USGS 2017) . However, these estimations have been 

unchanged for many years (except for Vietnam) and are likely to be incomplete since they 

are based on bismuth content of  lead ores only, overlooking bismuth content in copper 

and tungsten ores.  

The world annual production of refined bismuth (99.8% Bi content) (average 2012 -2016) 

is about 19,183 t with 80% of production in China (USGS 2016). In Europe, US.Geological 

Survey M inerals Yearbook (2016) mention mine production in Bulgaria (3.8 t, average 

2012 -2016), stopped in 2014.  

Bismuth is difficult to recycle because it is mainly used in dissipative applications, such as 

pigments and pharmaceuticals. Given the type of applica tions, bismuth is not recyclable 

(MSA,2019 -2020).  

Several bismuth Ȥcontaining substances are registered with REACH. However, none of them 

is on the list of substances of very high concern. Even though  the REACH dossier indicates 

that data is lacking on the physical, health and environmental hazards of bismuth, this 

element is generally acknowledged for its non - toxicity in many of its uses.  

5.2  Market analysis, trade and prices  

 Global market analysis and outlook  

Global demand for bismuth is estimated to grow at 4-5% by year averaged over 2012 -

2016, thanks to high demand in pharmaceutical applications. There may also be growth 

in applications where there is a requirement for very low temperature solders, where 

bismuth is competitive. Another emerging market could come from the substantial interest 

in developing new classes of semiconductor, thermoelectric materials and topological 

insulators. It could lead to the development of emerging semiconductor compounds and 

alloys that contain bismuth (BIWS 2018).  

On the sup ply side, Fortune Minerals Ltd. in Canada (London, Ontario) was granted final 

approval for a Type A water license for the NICO gold -cobalt -bismuth -copper mine in the 

Northwest Territories in 2014. The water license was one of the final steps in the permitt ing 

process, allowing construction to begin once financing had been received. Output was 

expected to be 41,500 troy ounces per year of gold, 1,600 metric t per year (t/yr) of 

cobalt, 1,700 t/y of bismuth, and 250 t/y of copper (USGS 2016) (Fortune 2019b). Fortune 

continues to pursue off - take agreements and financing solutions with the objective of 

commencing construction activities as soon as project financing is secured. Feasibility 

studies, test mining, pilot plants and environmental assessments have alre ady been 

completed (Fortune 2019a).  
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New environmental policies that came into effect in 2018 in China resulted in many 

bismuth smelters shutting down temporarily for inspections or permanently for infractions. 

However, smelters still in operation increased their output to offset the loss of production 

from the closures (USGS 2019) . 

Table 26 : Qualitative forecast of supply and demand of Bismuth  

Materials  

Criticality of the 
material in 

2020  

Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  
10 

years  
20 

years  

Bismuth  x   +  ? ? +  ? ? 

 

 

 EU trade  

EU is a net importer of refined bismuth. With about 1,134 t per year (Bi  content), import 

is eight times higher than export in the period 2012 -2016, according to Comext (Eurostat 

2019b). Export is about 150 t year. Imports for 2016 was two times higher than in 2015. 

Such increase could be linked with a reaction to the speculati ve accumulation of stocks in 

the Fanya Metal Exchange or to intra -company material transfer from 5N Plus subsidiary 

in Belgium.  

  

Figure 63 : EU trade flows for refined Bismuth (Eurostat, 2019b)  

EU import reliance on refined bismu th is almost 50% (average of 2012 -2016) due to the 

predominant share of China in the EU supply for this period, which represents 93% of the 

total EU imports.  

At the moment, there are no exports, quotas or prohibition in place between the EU and 

its suppliers (OECD 2019).  
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Figure 64 : EU imports (average  2012 - 2016) of refined Bismuth (Eurostat 

2019b)  

 

 Prices and price volatility  

Bismuth is not traded on any metals exchange, and there are no terminal or futures 

markets where buyers and sellers can fix an official price. References for prices are 

obtained through averages of past deals between private parties, generally available 

through paid subscription (e.g. Asian Metal, Metal Pages).  

 

 

Figure 65 : B ismuth long term prices. USD/t. (Buchholz et al. 2019)  
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Figure 66 : Bismuth prices (99.99% Bi) in USD/kg ( DERA, 2016 )  

 

Over the past decade, the bismuth price has highly fluctuated. Prices rose dramatically in 

2007 following a state -directed effort to concentrate bismuth production in China. This led 

to the closure of numerous smelters in the country, whic h accounts for 80 to 90% of global 

refined bismuth production. The global financial crisis brought bismuth back to prices close 

to 15 USD/kg in 2009. Between 2010 and 2014, speculative investment in bismuth metal 

by the Fanya Metal Exchange -  which claimed  to have bought over 18,000 t of bismuth in 

about a two year period -  brought prices back up, until investigations into activities at the 

Exchange resulted in an abrupt end to these purchases and prices falling dramatically to 

around 10 USD/kg by 2015 and 2016 (Wilburn et al., 2016).  

The trade dispute between the two largest global economies has directly resulted in the 

introduction of import tariffs in both China and the US, making it more expensive to trade 

and causing oversupply because of slower downstr eam consumption. The US introduced 

a 10% import tariff on Chinese bismuth products in September 2018 and increased it to 

25% in May 2019. The import duties forced suppliers to cut their offer prices during the 

first half of 2019 to stimulate export demand.  The bismuth price in Europe has fallen close 

to the cost of production; suppliers are now operating at very low margins. The price of 

bismuth 99.99% Bi min., in -whs Rotterdam was assessed at 5.60 -6.40 USD/kg in October 

2019 (Fastmarkets 2019).  

5.3  EU demand  

 EU demand and consumption  

The European apparent consumption in the period 2012 -  2016 (5 year average figure) is 

estimated at 1,985 t per year, of which 1,000 t per annum is the domestic production, in 

Belgium, 1,135 t per annum is the imports to the EU fro m extra EU countries and 150 t 

per annum is the exports from the EU in the same period  
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 Uses and end -uses of Bismuth  

Figure 67  presents the main uses of bismuth (average  2012 -2016).  

  

Figure 67 : End uses of bismuth. Data f rom (Blazy 2013) (SCRREEN workshops 

2019) (2012 - 2016 average figures)  

Bismuth is considered as an ñeco-friendlyò material. As a result, its first sector of 

application is in the  pharmaceutical and animal Ȥfeed industries (62% of total uses for 

bismuth chemicals ï see Figure 67 ). In modern medicine, compounds of bismuth are 

mainly applied clinic ally for gastrointestinal disorders as anti -ulcer agents. Examples are 

De-Nol and Pepto -Bismol used to treat and prevent gastric and duodenal ulcers. The use 

of bismuth (III) is also seen in nuclear medicine, anticancer, antitumor and antimicrobial 

studies  (Yang 2007).  

Fusible alloys represent the second most important use (28%). Bismuth is notably used 

as a replacement for more harmful metals (on top of which is lead) in solders. Other uses 

include metallurgical additives and a number of other industrial applications such as 

coatings, pigments, and electronics (Ecclestone 2014).  

With an increasing focus on reducing the consumption of lead globally, bismuth alloys have 

found roles as efficient substitutes. Its low melting point has increased its use in elec tronics 

and its low toxicity makes it ideal for use in food processing equipment and copper water 

pipes. The medical industry has also found it to be a highly effective in X - ray shielding 

(Masan Resources 2019).  

Relevant industry sectors are described usin g the NACE sector codes (Eurostat 2019a).  

Table 27 : Bismuth applications, 2 - digit and associated 4 - digit NACE secto rs, and 

value added per sector (Eurostat 2019a)  

Applications  
2 - digit NACE 

sectors  

Value added of 

NACE 2 sectors 

(Mú) 

4 - digit NACE sectors  

Chemicals  C20 -  Manufacture of 

chemicals and 

chemical products  

             105,514  C2029 -  Manufacture of 

other chemical 

products n.e.c.  

Fusible alloys  C32 ï Other 

manufacturing  

               39,160  C3290 -  Other 

manufacturing n.e .c.  

Metallurgical 

alloys  

C24 -  Manufacture of 

basic metals  

               55,426  C2431 ï Casting of iron  
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 Substitution  

Substitutes exist for bismuth in many applications as in some of them it is primarily used 

for its non - toxicity as a replacement for already existing materials (metals).  

In pharmaceutical applications, it can be replaced by alumina, calcium carbonate, and  

magnesia. In pigment uses, by titanium dioxide -coated mica flakes or fish -scale extracts, 

and in devices such as fire sprinklers, by glycerine - filled glass bulbs. Resins can replace 

bismuth alloys for holding metal shapes during machining. Free -machining alloys can 

contain lead, selenium, or tellurium as a replacement for bismuth (USGS 2019).  

5.4  Supply  

 EU supply chain  

As a by -product, bismuth supply chain is firstly dependent on primary production of lead 

and tungsten. At the world level, the bismuth supply chain is in large part relying on 

Chinese supply of primary refined materials (purity of 99.8% Bi) still containing a lot of 

impurities. Those materials are massively exported to Europe, North America and South -

East Asia for further refining.  

Chinese cont rol of the first steps of the bismuth market is an important aspect of this 

metalôs criticality. China became one of the only producers of bismuth by reducing costs 

of production and increasing capacities in the early 2000s. In 2007, China announced the 

consolidation of the sector by the merging of six Hunan bismuth producers accounting for 

30% of China's refined bismuth metal production in a single consortium (Hunan Bismuth 

Industry Co). This was done in response to the merging of the two largest players i n 

Europe (MCP Aramayo Ltd in the UK and Sidech SA in Belgium to create MCP group, then 

acquired in 2011 by Canada's 5N Plus).Also, China announced the reduction of production 

due to environmental and mine safety issues, together with export restrictions. I t 

succeeded in its objective to tighten supply to the rest of the world and become by far the 

leading producer in the following years.  

In the EU, several companies are active in high added -value bismuth applications, for 

instance:  

¶ 5N Plus, which controls around 50% of the bismuth market and specialty products 

(refined bismuth, bismuth chemicals, and low melting point alloys) and which 

subsidiary in Belgium is among the largest world im porters of Bi (5N Plus, 2015).  

¶ BASF, which is one of Europe's largest pr oducers of bismuth vanadate (BiVO 4), a 

key pigment for use in coatings and paints.  

No trade restrictions were identified for bismuth (OECD 2019). The only stocks that are 

known to exist on bismuth were at the Fanya Stock Exchange.  

 Supply from primary materials  

5.4.2.1  Geology, mining and processing of bismuth  

Geological occurrence: Bismuth mineralization can occur in various geological settings. 

Main occurrences are notably in tungsten, copper, gold and lead skarn deposits, as a by -

product in tin pegmatites, a nd in magmatic -hydrothermal mineralization related to 

granites (Pohl 2011). As a by -product, extraction methods depend on the type and 

mineralogy of the ore. Bismuth has been mined as a main product only in the Cerro Tasna 

mine (Bolivia) and also in  China (Shizhuyuan). In China, artisanal mining for bismuth also 

exists, with manual separation of bismuth - rich mineralization contributing significantly to 

global production of concentrates (Blazy 2013).  
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The two main sources for the recovery of bismuth metal are  known to be lead and tungsten 

extraction and processing, with 50 to 60% coming from lead processing according to 

industry experts. Minor recovery of bismuth can also come from metallurgy of tin and 

copper, for instance in Japan, although in most cases it is seen as a penalizing impurity in 

those treatments(Blazy, 2013; Krenev, 2015; SCRREEN workshops 2019).  

Recovery as a by -product of lead extraction  

During the production of high purity lead from primary sources, two cases can be 

distinguished (Blazy 2013) :  

¶ If the bismuth content of lead bullion is higher than 4%, the electrolytic route is 

preferred (Betts process). Bismuth is recovered from the impure mixture of metals 

left in the residual anode slimes. The slime is heated, and bismuth is finally 

recovere d after a reduction step using carbon . Concentration reaches 70 -75% 

bismuth;  

¶ If the bismuth content is 0.05 Ȥ3.5%, the thermal route is preferred (Kroll ȤBetterton 

process). It is based on the precipitation of bismuth using calcium and magnesium 

which are a dded to molten lead. Concentration reaches 15 -40% bismuth.  

Recovery as a by -product of tungsten extraction  

Not much is known concerning Chinese operations to recover bismuth from tungsten. An 

important part comes from artisanal mining and uses standard gra vity concentration 

equipment including jigs and shaking tables. At the industrial scale, one example is the 

Xihuashan plant, where the ore is composed of scheelite, wolframite, cassiterite, 

bismuthinite, molybdenite, copper sulphides and REE -bearing minera ls. A commercial 

concentrate of bismuthinite is obtained through various flotation processes and sold for 

further transformation (Blazy 2013). In Vietnam, first commercial production of bismuth 

concentrates occurred in September 2014 at the Nui Phao mine. These concentrates are 

also obtained through bismuth flotation, followed by leaching and cementation (Masan 

Resources, 2015).  

Global resources and reserves 34 :  For reserves, the only reference at the global level is 

from USGS (USGS 2017). However, these esti mations have been unchanged for many 

years (except for Vietnam) and are likely to be incomplete since they are based on bismuth 

content of lead ores only, forgetting bismuth content in copper and tungsten ores.  

 

Table 28 : Global reserves of bismuth (Data fromUSGS, 2017)  

Country  Reserves  

(t of contained Bi)  

China  240 000  

Vietnam  53 000  

                                           
34 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of bismuth in different geographic areas of the EU or globally. The USGS collects information about 
the quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template.34, which is also consistent with 
the United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 
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Mexico  10 000  

Bolivia  10 000  

Canada  5 000  

Other countries  50 000  

Total  368 000  

 

EU resources and reserves 35 :  

During the Minerals4EU (2019)  project, resources of bismuth were reported only in 

Bulgaria in the category ñNo statistical data available but resources known or believed to 

existò. Exploration projects were mentioned in Portugal and Slovakia with no further 

information.  

5.4.2.2  World a nd EU mine production  

Regarding mine production, China is the main producer in the world, although figures vary 

according to different sources (BGS, 2018; USGS, 2016; WMD 2019), partly due to the 

difficulty of assessing the part of artisanal production. A nother important producer is 

Vietnam, where commercial production of bismuth concentrates started in September 

2014 at the Nui Phao mine. Objectives of the company are to produce 2,000 t per year 

and to become the second most important producer in the worl d (Masan Resources 2019).  

The distortion of the bismuth market due to speculative investment in the Fanya Minor 

Metal Exchange in China impacted the bismuth production. Fanya began trading bismuth 

in March 2013 and accumulated huge stocks of the metal in a  2-year period. In November 

2014, bismuth stocks were reported to reach 16,900 t for about 2 years of world 

production equivalent (Wilburn et al., 2016). The consequences were a dramatic fall of 

prices and a stronger constraint on current producers.  

In Eu rope, BGS Mineral Statistics mention mine production in Bulgaria of 3 t in 2013. 

Bismuth is produced in Bulgaria as a Lead -Bismuth alloy (7% Bi content) by the Bulgarian 

smelter KCM 2000 Group (KCM 200 Group 2019). EU Production of a Lead -Bismuth alloy 

(6 -12% Bi content) is also sited in Germany and produced by Aurubis (Aurubis 2019) (CRM 

experts 2019).  

The world annual production of mined bismuth in average between 2012 and 2016 is 

around 10,332 t of bismuth content, mainly in China (WMD 2019).  

                                           
35 For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve 
estimates for bismuth. The Minerals4EU project is the only EU-level repository of some mineral resource and 
reserve data for bismuth, but this information does not provide a complete picture for Europe. It includes 
estimates based on a variety of reporting codes used by different countries, and different types of non-
comparable datasets (e.g. historic estimates, inferred reserves figures only, etc.). In addition, translations of 
Minerals4EU data by application of the CRIRSCO template is not always possible, meaning that not all resource 
and reserve data for bismuth the national/regional level is consistent with the United Nations Framework 
Classification (UNFC) system (Minerals4EU 2019).Many documented resources in Europe are based on historic 
estimates and are of little current economic interest. Data for these may not always be presentable in 
accordance with the UNFC system. However, a very solid estimation can be done by experts. 
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Figure 68 : Global mining production of bismuth (average 2012 - 2016) (WMD 

2019)  

5.4.2.3  Refining of Bismuth  

ñRefined bismuthò refers to the bismuth metal of a purity of at least 99.8%, in opposition 

to ñBi mine productionò referring to bismuth sulphide concentrates quantities. However, 

confusions are often made between these two categories when considering global bismuth 

production (BGS, 2018; WMD 2019; USGS, 2016). Furthermore, as for many other minor 

metals, obtaining production figures for bismuth  is quite difficult because of the opaque 

nature of the market and its size.  

The criticality assessment was performed at the refining stage because of the import 

reliance of the EU on refined bismuth products. There are only a few producers in the world 

at this stage. The main one is in China, responsible for 80% of total world production 

(19,183 t), the main company being Hunan Jinwang Bismuth Industrial Co Ltd 

(www.en.jin -wang.com.cn) with capacities of 8,000 t.  

In the EU, the company 5N Plus is a huge player on the bismuth market and specialty 

products (refined bismuth, bismuth chemicals, and low melting point alloys) and has a 

subsidiary in Belgium. DERA (2015) reports 1,000 t of bismuth metal produced in Belgiu m 

over 2012 -2014. Belgium bismuth metal production is supplied from various EU producers 

manily, i.e. Umicore in Belgium, Aurubis Cu plant in Germany, Boliden in Sweden and for 

some years from the Nui Phao mine in Vietnam (BGR 2019).  

Refining is needed to  obtain bismuth metal of a purity of at least 99.8%. Most of the time, 

the thermal route is preferred. During this process, caustic soda and potassium nitrate are 

added to the molten bismuth to remove impurities (As, Sb, Se, Te, Sn). An addition of zinc 

me tal can be necessary when impurities include copper, silver and gold (Blazy 2013). Final 

treatment with soda ash can bring purity to 99.99% Bi (technical grade).  

Others processes exist depending on the nature of the impurities and the required quality 

of final products. Electrolytic refining is preferred to obtain higher purity, up to 99.999% 

(pharmaceutical grade). Bismuth can be commercialised in the form of high purity ingots, 

pieces, pellets, or even as powdered oxide.  

China
71%

Vietnam
14%

Mexico
7%

Japan
5%

Peru
2%

Others
1%

Global production : 10,332 t
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Figure 69 : G lobal p roduction capacity of refined bismuth. (USGS 2016), average 

2012 - 2016  

 

 Supply from secondary materials/recycling  

Bismuth is not recycled (MSA, 2019 -2020) (SCRREEN workshops 2019). Bismuth is 

difficult to recycle because it is mainly used in many dissipative applications, such as 

pigments and pharmaceuticals (Umicore 2019).  

 

Table 29 : Material flows relevant to the EOL - RIR of Bismuth  

MSA Flow Value (t) 

B.1.1 Production of primary material as main product in EU sent to processing in EU 0.00 

B.1.2 Production of primary material as by product in EU sent to processing in EU 800.00 

C.1.3 Imports to EU of primary material 3000.00 

C.1.4 Imports to EU of secondary material 0.00 

D.1.3 Imports to EU of processed material 1134526.00 

E.1.6 Products at end of life in EU collected for treatment 0.00 

F.1.1 Exports from EU of manufactured products at end-of-life 0.00 

F.1.2 Imports to EU of manufactured products at end-of-life 0.00 

G.1.1 Production of secondary material from post consumer functional recycling in EU 
sent to processing in EU  0.00 

G.1.2 Production of secondary material from post consumer functional recycling in EU 
sent to manufacture in EU  0.00 

 

 

5.5  Other considerations  

 Environmental and health and safety issues  

Several bismuth Ȥcontaining substances are registered with REACH. However, none of them 

is on the list of substances of very high concern. Even though  the REACH dossier indicates 

that data is lacking on the physical, health and environmental hazards of bismuth, this 

element is generally acknowledged for its non - toxicity in many of its uses.  

EU OSH requirements exist to protect workersô health and safety, employers need to 

identify which hazardo us substances they use at the workplace, carry out a risk 
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assessment and introduce appropriate, proportionate and effective risk management 

measures to eliminate or control exposure, to consult with the workers who should receive 

training and, as appropria te, health surveillance 36 .  

 Socio - economic issues  

No specific issues were identified during data collection and stakeholders consultation.  

5.6  Comparison with previous EU assessments  

The assessment has been conducted using the same methodology as for the 2017 li st. 

Supply risk has been analysed at processing stage.  

The results of this and earlier assessments are shown in  Table 30 .  

Table 30 : Economic importance and supply risk results for Bismuth in the 

assessm ents of 2011, 2014, 2017, 2020 (European Commission 

2011a),(European Commission 2014), (European Commission 2017)  

Assessment  2011  

 

2014  

 

2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Bismuth  Not assessed  Not assessed  3.6  3.8  4.01  2.22  

Since 2017, the value -added criticality assessment corresponds to a 2 -digit NACE sector 

rather than a ómegasectorô, which was used in the previous assessments.  

5.7  Data sources  

The choice of data source for production data of processed bismuth was a combination of  

USGS (2016) and DERA (2015) as these sources cover refined bismuth. Production data 

from World Mining Data may contain a mix of pure ñmine producersò and ñrefinersò. For 

instance, it reports figure s from Japan and Vietnam, but in the first country there is no 

mining of bismuth and in the second, there is no refining (only bismuth concentrates are 

sold). Trade data were extracted from the Eurostat Easy Comext database for the 

Combined Nomenclature CN 8 code 81011000: 'unwrought bismuth; bismuth powders; 

bismuth waste and scrap (excl. ash and residues containing bismuth)ô (Eurostat 2019b). 
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6 BORATES 

6.1  Overview  

 

Figure 70 : Simplified value chain for borates for the EU, averaged over 2012 -

2016 37   

Borates are naturally occurring minerals containing boron (B, atomic number 5). The 

industry defines borates as any compound that contains or supplies boric oxide (B 2O3). 

Borates are thus inorganic salts of boron and refer to a large number of mineral and 

chemical compounds that contain borate anions. They have metabolising, bleaching, 

bu ffering, dispersing, and vitrifying properties.  

For this assessment, borates at both extraction (natural borates) and processing stage 

(refined borates) are analysed. At mine stage, borates are assessed in the form of natural 

borates and their concentrate s (CN8 code 25280000, B content 20%).  

 

Figure 71 : End uses  (IMA Europe 2016)  and consumption (average 2012 - 2016) 

of borates in the EU (Eurostat Comext 2019) (WMD 2019) (UN Comtrade 2019) 

(WITS 2019).  

At the processing stage, the b oron compounds considered are boric acid and diboron oxide, 

borax and anhydrous borax. The trade codes used for EU trade of refined borates are 

                                           
37 JRC elaboration on multiple sources (see next sections) 
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Diboron trioxide (CN8 28100010, B content 31%); Oxides of boron and boric acids excl. 

diboron trioxide (CN8 2810 0090, B content 17%); Anhydrous disodium tetraborate 

ñrefined boraxò (CN8 28401100, B content 21%); Disodium tetraborate penthahydrate 

(CN 28401910, B content 15%); Disodium tetraborate decahydrate "refined borax" (CN8 

28401990, B content 9%). (Eurostat Co mext, 2019)  

  
Figure 72 : EU sourcing of natural borates (left) and refined borates (right) 

(average 2012 - 2016) (Eurostat Comext 2019) (WMD 2019) (UN Comtrade 

2019) (WITS 2019).  

The trade codes used are: Oxides of boron, boric acids (HS6 281000, B content 17%); 

Anhydrous disodium tetraborate ñrefined boraxò (HS6 284011, B content 21%); Disodium 

tetraborate, not anhydrous (HS6 284019, B content: 12%). (Eurostat Comext, 2019)  

All quantities are expressed in boron content, which is  calculated as the boron atomic 

weight divided by the specific molecular weight.  

The world market value of boron minerals (natural borates) production is estimated at 

EUR 1.25 billion. Turkey and the US dominate global exports in natural and refined borated 

respectively, while China is the leading importing country. The demand for borates 

depends on the growth of the global economy and the rise of living standards due to the 

nature of end uses.   

After being relatively flat for many years, borate price s had a downward trend between 

2005 and 2015. The average EU imports unit value for natural borates in 2018 was EUR 

285 per t and for refined borates (borax pentahydrate and boric acid) EUR 360 per t of 

B2O3 (boric oxide) content. (Eurostat Comext, 2019)  

The total EU consumption of borates between 2012 and 2016 was around 62,850 t per 

year, comprising of 20,847 t per year natural borates (33%) and 42,003 t per year of 

refined borates (67%). The EU is entirely dependent on imports of borates for its 

consumpt ion as there is no domestic production. The imports of natural borates to the EU 

come almost entirely from Turkey (98%). Turkey (60%) and the US (35%) are the main 

sources of EU imports of refined borates. Import reliance is 100% for both natural and 

refin ed borates (Eurostat Comext 2019).  

Borates are essential ingredients in a variety of household and commercial products 

including: insulation fiberglass, textile fiberglass and heat - resistant glass; detergents, 

soaps and personal care products; ceramic and enamel frits and glazes, ceramic tile 

bodies; agricultural micronutrients; other uses including wood treatment, polymer 

additives and pest control products. Borates can be substituted with other materials in 

soaps, wood preservatives, and detergents (IMA E urope 2016) (SCRREEN workshops 

2019).  
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The known world borate reserves are around 1,100 million t of contained boron(USGS 

2019c). 75 -80% of the worldôs boron reserves are located in Turkey (Helvacē 2017). No 

boron deposits are located in the EU.  

The world annual production of natural borates is about 4,594,840 t of boron minerals 

(around 918,968 t in B content), averaged over 2012 to 2016. Turkey is the leading 

producer with a share of 43% of world mine production, followed by the US, which 

accounts for one -quarter (25%) (WMD 2019). Concerning refined borates, there is no 

official data on the world output. According to trade data relevant to oxides of boron and 

boric acids (B content 17%), anhydrous disodium tetraborate (refined borax) (B content 

21%), other  than anhydrous disodium tetraborate (refined borax) (B content 12%), it can 

be inferred that the US supplies the majority of processed borates (67%), followed by 

Chile (9%) (UN Comtrade 2019). There is no production of natural or refined borates in 

the EU . 

Given the type of applications, borates are not recyclable. Glass recycling is considered 

non - functional for boron, and the end -of - life recycling input rate (EoL -RIR) is less than 1% 

(BIO Intelligence Service 2015a) (SCRREEN workshops 2019).  

A role for b orates in the implementation of the European Commissionôs long-term strategy 

for a climate -neutral economy by 2050, is identified in wind turbines through neodymium -

iron -boron magnets and energy efficiency in buildings through insulation fibreglass.  

Borate  substances have been listed as substances of very high concern  on the candidate 

list of the EUôs REACH Regulation, and prioritisation has been given to some for 

authorisation under REACH (ECHA 2019a).  

 

6.2  Market analysis, trade and prices  

 Global market  

The world production of boron minerals in 2017 was about 4,594,840 t  (WMD 2019) worth 

approximately EUR 1.25 billion 38 . Borates mine production declined over the past decade 

at an annual compound rate of -1.9%, mainly due to decreasing production from Argentina  

and Peru. Turkey and the US remain the largest producers.  

Two companies dominate the global market by having a share of over 75%; Eti Maden 

which controls all borate deposits across Turkey and US Borax owned by Rio Tinto, which 

operates the Boron mine in California. It is reported that the market is not going to 

diversify any time soon as exploration is minimal by other companies (McCormick 2018). 

However, at current levels of consumption, world resources are adequate for the 

foreseeable future (USGS 2019b).  

According to UN Comtrade trade data for 2016 (see Figure 73 )Turkey dominates the export 

market of natural borates with a share of 71% of the total value, while the main importing 

country is China (38% of total imports by val ue). In terms of volume, the cross border 

trade (imports) of natural borates amounted to about 1 million t  in 2016. For refined 

borates ( Figure 74 ),  the US holds the largest share of the market with 64% of the total 

exports, whereas China is again the leading importer (33% of total imports by value).  

 

                                           
38 Estimation based on the average unit value of EU imports in 2016 (EUR 290 per tonne of natural borates) and 
the global production in 2016. 
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Figure 73 : Top - 5 natural borates world exporters (left) and importers (right) in 

2016 by value. (UN Comtrade 2019)  

 

 

Figure 74 : Top - 5 refined borates world exporters (left) and importers (right) in 

2016 by value.  (UN Comtrade, 2019)  

Bolivia, which accounts for about 3% of global natural borates production, applies a fiscal 

tax on exports of natural and refined borates of 0.05% of the gross export value. 

Argentina, which holds an 8% share of world natural borates production, lifted in 2016 an 

export tax of 10% for natural borates, and at the end of 2015 an ex port tax of 5% for 

products of refined borates (OECD 2019). However, the Government of Argentina 

announced the re -establishment of export duties on September 2018 on all tariff lines 

including codes HS 252800, HS 281000 and HS 284019 (Global Trade Alert 20 18).  

 Outlook for supply and demand  

The demand for borates tends to be associated with the growth of the global economy due 

to the composition of end -use markets (Rio Tinto 2014) (McCormick 2018). Demand is 

expected to remain relatively stable in the short term, as the strong demand growth i n 

some market segments is partially offset by excess inventory build in the value chains of 

others (Rio Tinto 2015).  

The medium -  to long - term demand in the borates market is linked to wealth and living 

standards.  Urbanisation, energy and food supply  are t he key drivers for growing demand  
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in the future (Rio Tinto 2014) (Rio Tinto 2018b) . Consumption of borates used in fertilisers 

is anticipated to increase supported by the requirement for ever -greater crop yields. The 

rising demand for building insulation d ue to improvements in the building standards drives 

fibreglass -  and thus borates -  demand. Growing economies and urbanisation fuel demand 

for borates in glass applications, e.g. LCD televisions and electronics, which contain 

borosilicate glass and textile  fiberglass (McCormick 2018) (Rio Tinto 2014). The rising 

demand for borates in the coming years is expected mostly by the agricultural, ceramic 

and glass sectors in Asia and South America (USGS 2018a).  

In the supply side, the Jadar lithium -borate deposit in Serbia with the previously unknown 

mineral jadarite as the main commercial mineral was discovered by Rio Tinto in 2004. The 

deposit contains 21 million t of B 2O3 as an equivalent borate product resource. The Jadar 

project could potentially supply a sign ificant proportion of global demand for borates. The 

pre - feasibility study is on -going for a mine and processing facility, and production could 

commence by 2023 -2024 (Rio Tinto 2018a) (Rio Tinto 2017).  

 

The qualitative outlook for borates supply and demand  is shown in Table 31 . 

 

Table 31 : Qualitative forecast of supply and demand of borates  

Materials  

Criticality of the 
material in 

2020  
Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  
10 

years  
20 

years  

Borates  x   stable  +  +  stable  +  +  

 

 EU trade  

The annual EU imports of natural borates were 22,410 t and the imports of refined borates 

60,175 t, on average for the 2012 -2016 period (in B  content). The EU exports of natural 

and refined borates were approximately 1,565 t and 18,170 t respectively in the same 

period (in B  content). Thus, the average net imports from 2012 to 2016 are about 20,850 

t for natural borates ( Figure 75 ), and around 42,000 t for refined borates ( Figure 76 ) 

(Eurstat Comext 201 9) (WITS 2019). As shown in Figure 75  and Figure 76 , the main trend 

observed in the period 2012 -2016 is the sharp decrease of net imports of refined borates 

in 2015 and 2016.  
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Figure 75 : EU trade flows for natural borates (in B content). (Eurostat Comext 

20 19)  

 

 

Figure 76 : EU trade flows for refined borates (in B content) (Eurostat Comext 

2019) (WITS 2019) 39   

 

Figure 77  shows the EUôs major trading partners for imports of natural and refined borates. 

Turkey is almost the single supplier of the EU for natural borates, with 98% of the total 

imports on average over the 2012 -2016 period. Likewise, Turkey is the dominant exporting 

country to the EU for refined borates, covering 60% of the total imports on average over 

the 2012 -2016 period ( Figure 77 ). The US is the second source country for EU imports of 

refined borates with a substantial share of 35%.  

  

Figure 77 : EU imports of natural (left) and refined borated (right). Average 

2012 - 2016 (in B conten t) (Eurostat Comext 2019) (WITS 2019) 40   

 

                                           
39 EU imports of refined borates from US and Turkey  
40 EU imports of refined borates from US and Turkey 
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The EU and Turkey have a Customs Union agreement in force since 1996 (European 

Commission 2019).  

 Prices and price volatility  

Borates are priced and sold based on their boric oxide content (B 2O3), which varies by ore  

and boron compound and by the absence or presence of calcium and sodium (USGS, 

2019a). Prices for the various refined products reflect the energy cost of refining and 

drying  (Carpenter and Kistler 2006).  

Assessments of market prices are published by the United States Geological Survey (US 

unit value) and price reporting agencies. In January 2019, Fastmarkets Industrial Minerals 

announced the discontinuation of its borates/boron minerals price assessments due to 

limited interest in the markets (prices refe rred to natural and refined borates FOB South 

America ports)  (Fastmarkets IM 2019).  

Prices had been stable in the 1990s up to mid -2000s, reflecting a balance between supply 

and demand in the market (Carpenter and Kistler 2006). Since then, borate prices a re 

following a downward trend as it is demonstrated in Figure 78 .  

 

 

Figure 78 . Borates historical price volatility 41  in the United States (indexed to 

the 1998 unit value), yearly average (in USD/t of B 2O3  content) (USGS 2017).  

 

The unit value of EU imports for natural borates is relatively stable since 2010 ranging 

between EUR 243 and 290 per t in the period 2010 -2018 a s an annual average (see Figure 

79 ). For the most commonly traded refined borates (boric acid and borax pentahydrate), 

it is noteworthy an increase in th e imports unit value from 2010 to 2013 when the average 

imports unit value of boric acid and borax pentahydrate reached peaked at EUR 490 per t 

of boric oxide (B 2O3), followed by a generally downward trend up to 2018. In 2018, the 

average imports unit valu e of boric acid and borax pentahydrate was EUR 360 per t of 

B2O3.  

 

                                           
41 The unit value in the US is defined as the estimated value of apparent consumption in U.S. dollars of one tonne 
of B2O3 content 
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Figure 79 . Unit value 42  of EU imports of borate commodities, yearly average 

(left in EUR per t, right in EUR/t of B 2O3  content). (Eurostat Comext 2019)   

 

6.3  EU demand  

 EU consumption  

The total EU apparent consumption of borates between 2012 and 2016 was estimated at 

62,850 t per year (B content). Natural borates account for one - third of the total 

consumption (20,847 t/y), and processed/refined borates for two - thirds (42,003 t). In 

terms of volume, the average annual consumption for the period 2012 -2016 is 112,000 t 

for natural borates (Eurostat Comext 2019), and 301,000 t for processed/refined borates 

(WITS 2019). The EU is fully dependent on imports for its co nsumption (import reliance of 

100%).  

 

 Uses and end -uses of borates in the EU  

Borates are a key input material in the production of fibreglass insulation, textile fibreglass, 

borosilicate glass, ceramics and fertilisers. These applications account for over three -

quarters of borates consumption.  Borates also have several other applications within the 

construction, metallurgy and chemicals industries.  The borates imported in the EU are 

mostly embodied in glass products. The second single most common applicatio n of borates 

imports is the supply to ceramics and frits industry followed by fertilisers. Other products 

are construction materials, abrasives, catalysts, coatings, detergents, etc. The EU end -

uses of borates in 2012 are shown in Figure 80 . 

                                           
42 Not corrected for inflation 
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Figure 80 : EU  end uses  in 2012  (IMA Europe 2016) and EU consumption of 

borates (average 2012 - 2016, in B content (Eurostat Comext 2019)(WMD 

2019)(UN Comtrade 2019)(WITS 2019).  

The end -use of borates are described below (BIO Intelligence Service 2015) (IMA Europe 

2016) (USGS 2018) (SCRRE EN workshop 2019):  

¶ Glass:  The glass industry dominates the demand for borates worldwide. Natural (e.g. 

colemanite concentrates, ulexite) or refined borates (e.g. borax pentahydrate, boric acid) 

can be added as raw materials during the manufacturing of glas s depending on the 

application and the required quality. In Europe, borax pentahydrate is the dominant raw 

material for boron addition to the glass melt (BIO Intelligence Service 2015). The boron 

in borosilicate glass imparts increased mechanical strength and resistance to chemical 

corrosion, as well as improved resistance to high temperatures and thermal shocks due to 

a low coefficient of thermal expansion.  In borosilicate glasses the B 2O3 content typically 

ranges between 7 % and 15% (Scalet et al. 2013), b ut can be as high as 30% (USGS 

2018).  Glass fibre production includes insulation glass fibre (glass wool) and continuous 

filament glass fibre (textile grade). E-glass composition typically ranges from 5% to 10% 

of B 2O3 content (Scalet et al. 2013)(RPA 2008).  Furthermore, boron addition to the glass 

melt facilitates the production process as it lowers the glass batch melting temperature, 

favours fiberisation and inhibits crystallisation of the glass.  

Glass products can be grouped in two categories:  

-  Insulation glass : Insulation fiberglass (IFG) used in construction, vehicles, appliances 

and machinery for thermal and acoustic insulation;   

-  Other glass (excl. insulation) : Textile fiberglass (TFG)  USED in the manufacture of 

composite materials (glass - reinforced plastics), and borosilicate glass used in heat -

resistant glass cookware and glass panels (e.g. for oven doors), laboratory glassware, 

pharmaceutical packaging, light bulbs, solar panels, LCD screens etc.;  

¶ Frits and Ceramics : Borates are essential ingredient to produce frits used by the ceramic  
industry in ceramic glazes and enamels for chemical, thermal cycling, and wear resistance;  

¶ Fertilisers : Boron is an essential micronutrient for plant growth, c rop yield and seed 

development. Although only low amounts of boron are required, its deficiency in soil can 

have severe effects on the crops;  

¶ Wood preservatives:  Borates are used to treat wood to ward off insects and other pests;  

¶ Detergents : Borates are u sed in laundry detergents, household and industrial cleaning 

products. Borates enhance stain removal and bleaching, provide alkaline buffering, soften 

water and improve surfactant performance.  
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¶ Chemicals (excl. Fertilisers, wood preservatives and detergents ) : Used for chemicals such 

as fire retardants;  

¶ Industrial fluids : Used for metalworking fluids, and other fluids used in cars, antifreeze, 

braking fluid etc.;  

¶ Metals : Boron is used as an additive for steel and other ferrous metals as its presence 

ensures higher strength at a lower weight.  

Relevant industry sectors are described using the NACE sector codes in Table 32 . 

 

Table 32 : Borate applications, 2 - digit and examples of associated 4 - digit NACE 

sectors, and value - added per sector (Eurostat 2019)  

Applications  2 - digit NACE sector  Value added of NACE 
2 sector (Mú) 

Examples of 4 - digit 
NACE sector(s)  

Glass  C23 -  Manufacture of 

other non -metallic mineral 
products  

57,255  C2314 -  Manufacture 

of glass fibres  
C2319 -  Manufacture 
and processing of 

other glass, including 
technical glassware  

Frits and 
Ceramics  

C23 -  Manufacture of 
other non -metallic mineral 
products  

57,255  C2331 -  Manufactur e 
of ceramic tiles and 
flags  

Fertilisers  C20 -  Manufacture of 
chemicals and chemical 
products  

105,514  C2015 -  Manufacture 
of fertilisers and 
nitrogen compound  

Chemicals 
manufacture  

C20 -  Manufacture of 
chemicals and chemical 
products  

105,514  C1610 -  Sawmilling 
and planing of wood  

Construction 

materials (flame 
retardants, 
plasters, wood 
preservatives)  

C20 -  Manufacture of 

chemicals and chemical 
products  

105,514  C2059 -  Manufacture of 

other chemical 
products n.e.c.  

Chemicals 

manufacture  

C20 -  Manufacture of 

chemicals and chemical 

products  

105,514  C2059 -  Manufacture of 

other chemical 

products n.e.c.  

Metals  C24 -  Manufacture of basic 
metals  

55,426  C2410 -  Manufacture of 
basic iron and steel 
and of ferro -alloys  

 

 Substitution  

Borates may be substituted in fibreglass (boron - free E -glass), or fibreglass insulation may 

be replaced itself by alternative materials such as cellulose, foams, and mineral wool 

(Tercero et al. 2018) (USGS 2019a). However, the extent of boratesô use is a limitation in 

itself and, practically, there are no commercially available substitutes for fibreglass 

insulation (Tercero et al. 2018). According to (IMA Europe 2016), eliminating boron from 

fibreglass production is not possible without affecting the glass  fibre properties and 

increasing production costs.  

Furthermore, no practical substitutes are available for heat - resistant glass, nor for frits 

and ceramics that have to resist thermal shocks (Tercero et al. 2018). For those frits and 

ceramics that are to be used in tiles and floors, substitu tion is theoretically possible 

(Tercero et al. 2018) but no information is available on technically or economically viable 

alternative applications. According to (IMA Europe 2016), there are no substitutes in 

ceramic, o r enamel glazes as the benefits provided by B 2O3 in glaze production cannot be 

replaced by other oxides.  
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Finally, no substitution is possible in fertilisers because of the unique biological function of 

boron (Tercero et al. 2018).  

In the criticality asses sment, no substitution is considered available for the use of borates 

in the applications of óGlassô, óFrits and ceramicsô and óFertilisersô. The rest of the 

applications were not assessed due to less than 10 % share in total end uses. However, 

substitutes  exist for wood preservatives (Tercero et al. 2018), soaps (sodium and 

potassium salts of fatty acids), detergents (sodium percarbonate which requires a lower 

temperature to undergo hydrolysis) and bleaches (chlorine) (USGS 2019a)(Graedel et al. 

2015b). Fi nally, boron replacement in metal applications seems impractical due to the 

numerous uses (Tercero et al. 2018a).  

On a scale of 0 to 100 43 , the substitution potential of boron has been assessed as 41 by 

(Graedel et al. 2015).  

 

 

 

 EU supply chain  

The boron flows through the EU economy in 2012 are demonstrated in Figure 81 . 

 

Figure 81 : Simplified MSA of boron flows in the EU in 2012 (BIO Intelligence 

Service 2015).  

The EU does not extract borates (WMD 2019) and has no known reserves (BIO Intelligence 

Service 2015a). Therefore, the EU is entirely reliant on imports of primary products (import 

reliance of 100%). Likewise, there are no manufa cturing/processing plants to refine 

borates in the EU (IMA -Europe, 2016) (SCRREEN workshops 2019). However, it has to be 

mentioned that boric acid is produced in Italy from geothermal springs. Although it was 

the sole source of natural boric acid in the mi d-19th century, the current contribution to 

the EU borates supply is minimal (RPA 2008) (Helvaci 2005).  

                                           
43 On this scale, zero indicates that exemplary substitutes exist for all major uses and 100 indicates that no 
substitute with even adequate performance exists for any of the major uses 
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The leading supplier of the EU for both natural and refined borates is Turkey, with a share 

of 98% and 60% of the EU sourcing, respectively. The US is a  significant supplier of refined 

borates with a share of 35% of EU supply ( Figure 82 ).  

  

Figure 82 : EU sourcing of borates. Average 2012 - 2016 (Eurostat Comext 2019).  

 Supply from primary materials  

6.3.5.1   Geology, resources and reserves of borates  

Geological occurrence: Borates are naturally occurring minerals containing boron (B). 

Boron does not occur naturally as a native element but  is found in combination with oxygen 

and other elements in salts, commonly called ñboratesò. Boron is a relatively rare element 

in nature, and the average content in the Earthôs crust is reported between 10 (Helvacē 

2017) and  17 ppm (Rudnick and Gao 2014).  There are over 250 borate minerals occurring 

naturally, the most common being sodium, calcium, or magnesium salts (Helvacē 2017). 

Four of these account for 90% of the minerals used by the industry: the sodium borates 

tincal and kernite, the calcium borate  colemanite, and the sodium -calcium borate ulexite 

(USGS 2018). Ore quality is typically measured as a function of its diboron trioxide (B 2O3) 

equivalent content.  

Deposits of borates are generally associated with arid climates and volcanically active 

areas ; the largest are found in Turkey and the Mojave Desert in California of the United 

States. In the Puna region of the Andean belt of South America, which includes parts of 

Argentina, Peru, Bolivia, and Chile, commercial deposits of borates occur in brines (USGS 

2018).  

There is no information available on deposits of borates in the EU. In the geothermal 

springs of the Maremma region of Tuscany in Italy (Lardarello), natural steam carries boric 

acid recoverable as sassolite (Helvaci 2005).  

Global resources and reserve 44 :  The estimated known reserves of borates worldwide 

are  about 1,093,000 kt in boron content (USGS 2019a). Approximately 75 -80% of the 

                                           
44 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of borates in different geographic areas of the EU or globally. The USGS collects information about 
the quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template which is also consistent with the 
United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
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global boron reserves are located in Turkey, which are the worldôs highest-grade deposits 

of colemanite, ulexite and tincal with grades ranging from 25 to 30% of B 2O3 (boric oxide) 

(Helvacē 2017).  

 

Table 33 : Global reserves of borates in 2018 (USGS 2019ª)  

Country  Reserves (kt of boron)  
Percentage of the 

total (%)  
Turkey  950,000  87%  

Unites States  40,000  4%  

Russia  40,000  4%  

Chile  35,000  3%  

China  24,000  2%  

Peru  4,000  <1%  

Argentina  NA -  

Bolivia  NA -  

Kazakhstan  NA -  

World total 45  1,093,000  100%  

 

EU resources and reserves : There are no known resources of borates in the EU. Table 

34  presents available data on borate resources in Europe.  

Table 34 : Resources of borates in Europe  

Country  Classification  
Quantity  

(million t of 
ore)  

Grade (% 
B2O3 )  

Reporting 
code  

Reporting 
date  

Source  

Serbia  

Indicated  5.6  30.8  NI 43 -

101  
04/2015  

(Minerals4EU 

2019 )  Inferred  6.2  28.8  

Indicated  52.4  19.2  
JORC 12/2016  

(Rio Tinto 

2017) 46  Inferred  83.3  13.0  

 

6.3.5.2   Mining and refining of borates  

Most of the worldôs commercial borate deposits are mined by open-pit methods, generally 

using truck and shovel or backhoe equipment (Carpenter and Kistler 2006).  

Some applications permit the use of unrefined borates, such as colemanite and ulexite. 

However, natural borates often require refining as the ores are not of sufficient quality. 

High purity borax or boric acid are the main forms consumed by manufacturing i ndustries 

for most applications.  

Processing techniques depend on both the scale of the operation and the ore type (Helvaci 

2005). The basic processing steps used to convert natural borates to refined products 

consist of ore crushing, leaching the ore in e ither hot water or acid, filtration to to remove 

insoluble impurities, cooling the concentrated borate solutions, dewatering to produce a 

moist cake of boric acid, washing and drying (Carpenter and Kistler 2006) . Several 

commercial forms of refined borate s (or primary boron chemicals) exist:  

                                           
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 
45 
 The world total is given, even though reserves are not reported to the USGS in a consistent manner by all 
countries (USGS, 2019a) 
46 Jadar project 
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¶ high purity sodium borates (borax pentahydrate, borax decahydrate, anhydrous 

borax);  

¶ high -purity boric acid and boron oxide (anhydrous boric acid).  

 

6.3.5.3  World and EU production of natural borates  

In the period 2012 -2016,  the average world mine production was about 918,968 t of boron 

minerals (in B content). In terms of volume, world production of boron minerals amounted 

to 4,594,840 t on average over the 2012 -2016 period (WMD 2019). Turkey and the United 

States are the le ading producers of natural borates accounting for more than two - thirds 

of natural borates output, followed by Argentina and Chile ( Figure 83 ). There is no mining 

of bora te minerals within the EU.  

 

Figure 83 : Global production of natural borates. Average for the years 2012 -

2016 (in B content) (WMD 2019)  

 

6.3.5.4  World and EU production of refined borates  

There is no publicly available data on the product ion of refined borates. Based on 

estimation from the global trade data as reported by UN Comtrade (2019), US is the 

dominant supplier of refined borates accounting for 67% of the total world exports. The 

average annual quantity of the processed borate prod ucts traded over 2012 -2016 is 

around 163,500 t of borate content. The trade codes used for the indirect estimation of 

world production shares are:  

¶ Oxides of boron, boric acids (HS6 281000, B content 17%). World exports 508,125 t by 

volume;  

¶ Borates, disodi um tetraborate (refined borax), anhydrous (HS6 284011, B content 21%). 

World exports 68,896 t by volume;  

¶ Borates, disodium tetraborate (refined borax), other than anhydrous (HS6 284019, B 

content: 12%). World exports 701,756 t by volume;  

Refined borates ar e not produced in the EU (IMA -Europe, 2016) (SCRREEN workshops 

2019).  
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Figure 84 : Estimated distribution of world production of processed borates. 

Average for the period 2012 - 2016 (in B content). (UN Comtrade 2019)  

 

 Supply from secondary materials/recycling  

Because of the nature of end uses, boron/borates functional recycling is not possible as 

products are consumed with the use (e.g. fertilisers, chemicals and detergents), or 

because non - functional recycling only occurs. For ins tance, separation of borosilicate glass 

from the boron - free container and flat glass is not possible and,  as a result, waste 

borosilicate glass will end up in the manufacture of normal glass, causing defects in the 

final product. Moreover, waste from ceram ics is mostly used as a construction material 

(BIO Intelligence Service 2015) . As an exception, the recycling of biogenic wastes (e.g. 

manure or other animal by -products, bio -  and food wastes) can be considered as functional 

recycling because it may replac e boron from industrial fertilisers(Mathieux et al. 2017). 

The EoL -RIR (End -of -Life Recycling Input Rate) for boron is less than 1% (SCRREEN 

workshops 2019).  

 

Table 35 : Material flows relevant to the EOL - RIR of borates 47  in 2012. Data 

from (BIO Intelligence Service 2015).  

MSA Flow  Value (t)  

B.1.1 Production of primary material as the main product in EU sent to 
processing in EU  0 

B.1.2 Production of primary material as by -product in EU sent to processing 
in EU  0 

C.1.3 Imports to EU of primary material  15,739  

C.1.4 Imports to EU of secondary material  0 

D.1.3 Imports to EU of processed material  60,050  

E.1.6 Products at end of life in EU collected for treatment  65,778  

F.1.1 Exports from EU of manufactured products at end -of - life  36  

F.1.2 Imports to EU of manufactured products at end -of - life  75  

G.1.1 Production of secondary material from post -consumer functional 
recycling in EU sent to processing in EU  0 

G.1.2 Production of secondary material from post -consumer func tional 

recycling in EU sent to manufacture in EU  464  

                                           
47 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2)  
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6.4  Other considerations  

 Environmental and health and safety issues  

Certain boron compounds have been identified as Substances of Very High Concern 

(SVHC) under Regulation (EC) 2006/1997 (REACH) and have been included in the 

candidate list for authorisation due to their classification as toxic for reproduction, cat. 1B 

(me eting the criteria of Art. 57 (c) of the REACH Regulation (ECHA 2019a) .  

The Candidate List of Substances of Very High Concern (SVHC), as published on ECHAôs 

website, contains the followin g borates:  

¶ Boric acid, anhydrous disodium tetraborate and tetraboro n disodium heptaoxide -

hydrate were included in 2010;  

¶ Diboron trioxide and Lead bis (tetrafluoroborate) were included in the same list in 

2012;  

¶ Sodium perborate; perboric acid, sodium salt and Sodium peroxometaborate included 

in 2014;  

¶ Disodium octaborate a dded in the list in 2018.   

 

Several boric acids and borates cannot be placed on the market or used as a substance, 

as constituent of another substance or in mixtures for supply to the general public when 

the individual concentration in the substance or mixture is equal to or greater than 0,3%. 

The packaging must be marked visibly, legible and indelibly "Restricted to professional 

use rs" 48 .  

 

Companies may have immediate legal obligations following the inclusion of a substance in 

the Candidate List as explained on ECHAôs website, in particular, specific communication 

requirements (ECHA 2019b). Inclusion on Annex XIV (the Authorization li st) is not 

automatically triggered by the inclusion on the Candidate List. Currently (July 2019), ECHA 

has recommended to the European Commission from the "Candidate List" as priority 

substances for inclusion in Annex XIV of REACH (the "Authorisation List" ) the following 

borates (ECHA, 2019c):   

¶ Disodium tetraborate, anhydrous (from July 2015);  

¶ Sodium perborate; perboric acid, sodium salt (from November 2016);  

¶ Sodium peroxometaborate (from November 2016).  

 
As regards the potential impact of REACH on defence applications, the European Defence 

Agency reports that boric acid has very critical uses in surface treatment, i.e. in electrolytic 

deposition of metals, acidity regulators, cleaning, anodising. It is also useful for 

metalworking fluids and brazing fluxes as well as in submarine propulsion and for the 

control of nuclear reactions. Another relevant issue is related to boron oxide that is an 

essential reagent in the manufacturing process of gallium arsenide (GaAs), which is a 

semiconductor compound with some electronic properties superior to those of silicon (EDA 

2018).  

 

EU OSH requirements exist to protect workersô health and safety, employers need to 

identify which hazardous substances they use at the workplace, carry out a risk 

assessment and introduce appr opriate, proportionate and effective risk management 

measures to eliminate or control exposure, to consult with the workers who should receive 

training and, as appropriate, health surveillance 49 .  

According to the Committee for Risk Assessment (RAC) opinion 50  adopted on 20/09/2019, 

boric acid and sodium borates are classified as follows:  

                                           
48 Annex XVII entry 30 and Appendix 6 of Regulation (EC) 1907/2006 (REACH). 
49 https://ec.europa.eu/social/main.jsp?catId=148 
50 https://www.echa.europa.eu/documents/10162/23665416/clh_opinion_Boric+acid+and+sodium+borates_1
3456_en.pdf/584263da-199c-f86f-9b73-422a4f22f1c3 
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- boric acid: Repr. 1B  

- diboron trioxide: Repr. 1B (GCL of 0.3%)  

- tetraboron disodium heptaoxide, hydrate: Repr. 1B (GCL of 0.3%)  

- disodium tetraborate decahydrate: Repr. 1B (GCL o f 0,3%)  

- disodium tetraborate pentahydrate: Repr. 1B (GCL of 0.3%)  

 

 Contribution to low - carbon technologies  

A role for borates in the implementation of the European Commissionôs long-term strategy 

for a modern, competitive, prosperous and climate -neutral economy by 2050 51 , is 

identified in wind turbines, as boron is a key ingredient in the most powerful magnet 

material, namely neodymium - iron -boron (NdFeB). This magnet is used to manufacture 

permanent magnets for synchronous generators (PMSG), which are used  in all major wind 

turbine configurations (Blagoeva et al. 2016).  

 

Moreover, insulation through the use of glass wool, coupled with high -performance glazing 

in buildings, has the potential to enable more than 80% energy savings from buildings 

(Wyns, Khand ekar, and Robson 2018).  

 

A fast growing application of borosilicate glass is in solar thermal heating; these are used 

in both domestic and industrial technologies. In the former, borosilicate glass tubes contain 

a solar collector in order to capture the e nergy. In the latter, these tubes are used to carry 

heat transfer fluids.  

 

Finally, boron is identified as a material that can be used for storage of hydrogen in fuel 

cell and hydrogen - related technologies (Blagoeva et al. 2019).  

 Socio - economic issues  

The governance level in Turkey, the dominant supplier of natural borates for the EU, is 

low especially in the ñpolitical stability and absence of violence/terrorismò area, with a 

sharp deterioration of this indicator in the decade 2006 -2016 (World Bank 2018).  

6.5  Comparison with previous EU assessments  

The assessment has been conducted using the same methodology as for the 2017 list. In 

the current assessment, the supply risk has been analysed at the mine and, additionally 

to the 2017 assessment, at the processing  stage. The results of this and earlier 

assessments are shown in Table 36 .  

Table 36 : Economic importance and supply risk results for borates in the 

assessm ents of 2011, 2014, 2017, 2020 (European Commission 

2011);(European Commission 2014); (European Commission 2017)  

Assessment  2011  

 

2014  

 

2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Borates  5.0  0.6  5.7  1.0  3.1  3.0  3.5  3.2  

The results of the previous assessments are not directly comparable due to the 

introduction of a revised methodology in the 2017 assessment. For example, the economic 

importance appears reduced in the 2017 assessment as the value -added considered in the 

20 17 criticality assessment corresponds to a 2 -digit NACE sector rather than a 

ómegasectorô (which was used in the previous assessments).  

                                           
51 
 https://ec.europa.eu/clima/policies/strategies/2050_en  
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In the current assessment, the higher supply risk is identified for the mine stage (SR=3.2) 

than the processing stage (SR=1.8) reflecting a higher EU supply concentration at the 

mining stage in comparison to the refining stage. The overall supply risk for borates is 

considered for the stage with the highest value, i.e. SR=3.2. The supply risk has increased 

compared to 201 7 exercise due to the growing supply concentratio n, both global and for 

the EU.  

The Economic Importance indicator (EI) is higher in the current assessment compared to 

the 2017 exercise. This is mainly due to the results scaling step 52 , as the value -added of  

the largest manufacturing sector in the current assessment is lower as it corresponds to 

27 Member States (i.e. excluding UK), whereas in the 2017 assessment it was related to 

28 Member States. The slightly different allocation of shares to each end use s ector in 

comparison to the 2017 assessment, and the correspondence of the application ñWood 

preservativesò to the C20 2-digit NACE sector ñC20 - Manufacture of chemicals and 

chemical productsò instead of óóC16 - Manufacture of wood and of products of wood and 

cork, except furnitureôô as in the 2017 assessment, had a negligible effect in the increase 

of EI.  

6.6  Data sources  

For the stage of extraction (natural borates), data developed by the Austrian Ministry for 

Sustainability and Tourism and the International Organising Committee for the World 

Mining Congress were used (World Mining Data). Data for refined borate production are 

not available. Thus, the global production of refined borates was approximated/modelled 

from world exports of refined borate products ( UN Comtrade) based on common 

hypotheses and calculation of boron amount by stoichiometric principles. Eurostat 

(Comext) was the source of data for EU trade flows of natural borates. For refined borates, 

trade data were sourced from the World Integrated Tra de Solution (WITS) database 

developed by the World Bank, in collaboration with the United Nations Conference on Trade 

and Development (UNCTAD). For the analysis of EU borates consumption per application, 

data provided by IMA Europe in the context of the 20 15 MSA study and the 2017 criticality 

assessment were used (IMA Europe 2016) .  
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7 COBALT 

7.1  Overview  

 

Figure 85 : Simplified value chain for cobalt  

Cobalt (chemical symbol Co) is a transition metal appearing in the periodic table between 

iron and nickel. Cobalt is a shiny, silver -grey metal with many diverse applications due to 

its unique properties. It is a hard metal retaining its strength at high t emperatures, has a 

high melting point, is ferromagnetic keeping its magnetic properties at the highest 

temperature of any other metal, is multivalent, produces intense blue colours, is able to 

form alloys with other metals imparting high - temperature streng th and increased wear -

resistance, is vital as a trace element in living organisms.  

For this assessment, both cobalt extraction and processing are analysed. At mine stage, 

cobalt is assessed in the form of cobalt ores and concentrates, and at the processin g stage 

in the form of refined cobalt. The intermediate cobalt products were considered as part of 

the cobalt ores and concentrates imports.  

 
Figure  86 : End uses of cobalt in the EU, in Co content, in 2015. (Cobalt Institute 

2019e )(Cobalt Institute 2019d)  
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Figure 87 : EU sourcing of cobalt ores, concentrates and intermediates (left) and 

refined cobalt (right), between 2012 and 2016.  

The trade codes used in this assessment and the relevant assumptions are the following:  

¶ For cobalt ores and concentrates : CN  26050000 ñCobalt ores and concentratesò 

considering a 10% of Co content;  

¶ For cobalt intermediates :  

CN 81052000 ñCobalt mattes and other intermediate products of cobalt metallurgy; 

unwrought cobalt; c obalt powdersò assuming 17% of Co content if trade value is below 10 

EUR/kg, and 60% if trade value is 10 -20 EUR/kg,  

CN 75011000 ñNickel mattesò assuming a specific Co content for each producer in the 

exporting country to the EU based on background informa tion from  (Roskill 2014) ;  

¶ For refined Co :  

CN 28220000 ñCobalt oxides and hydroxidesò assuming 70% of Co content,  

CN 28273930 ñCobalt chloridesò, considering 25% of Co content,  

CN 81052000 ñCobalt mattes and other intermediate products of cobalt metallurgy; 

unwrought cobalt; cobalt powdersò assuming 100% of Co content if trade value is higher 

than 20 EUR/kg,  

CN 28332930 ñSulphates of cobalt and of titaniumò assuming that cobalt products 

represent half of the flows, with a Co content of 20%.  

Quantities are expressed in Co content, and all figures are averaged over the five years 

2012 ï2016 data unless otherwise mentioned.  

Global mine and refined production of Co has grown considerably over the last two decades 

at an annual rate of over 7%, underpinned by strong demand for cobalt in rechargeable 

batteries. Cobalt is mainly produced as a by -product from nickel and copper production. 

The extraction of cobalt is dependent on the extraction of copper and nickel. In 2018, 

cobalt production as a by -product of cop per mines represented the 56% of the world total. 

37% of the global cobalt supply was obtained as a by -product of nickel production. Only 

7% was sourced from mining operations in which cobalt is the main commodity. The cobalt 

produced by these copper/nicke l companies is traded internationally in the form of cobalt 

ores and concentrates, intermediate cobalt products and refined cobalt metal and 

chemicals. The Democratic Republic of the Congo (DRC) is the worldôs dominant producer 

and exporter of cobalt ores and concentrates with a share of 97% of global exports in 

terms of value in 2017. Likewise, it is also the largest exporter of cobalt intermediates and 

refined cobalt globally by a significant share (58%) of total exports by value in 2017. Since 

the time p eriod under review, the predominant exported products from the Democratic 

Republic of the Congo are intermediates containing cobalt, and only a relatively small 
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amount of cobalt contained in ores and concentrates is exported.  China is the worldôs 

largest importer of both cobalt ores and concentrates (61% of total imports by value), and 

cobalt intermediates and refined cobalt (39% of total imports by value). Export taxes are 

applied by the Democratic Republic of the Congo to various cobalt raw materials.  

The expansion of the electric vehicle market globally and in the EU should increase the 

demand for cobalt exponentially in the next decade, at an annual growth rate ranging from 

7% to 13%. A market deficit is projected from 2025 onwards.At the same time supp ly 

disruptions are possible due to overconcentration of supply in the Democratic Republic of 

the Congo for mined cobalt and China for refined cobalt, slow development of new mining 

capacity, impact of copper and nickel demand, and unethical practices in ar tisanal mining 

in the Democratic Republic of the Congo.  

Cobalt prices have been considerably volatile in the past, strongly affected by concerns 

over the supply and demand balance, but also by the prevailing political situation of the 

principal producer, t he Democratic Republic of the Congo. While in March 2016 cobalt price 

was close to EUR 20,000 per tonne, it rose sharply to EUR 76,700 per tonne (+273%) 

within two years in March 2018 but returned to previous levels of about EUR 25,800 ( -

66%) per tonne in June 2019. The recent price rise was a consequence of market 

excitement regarding a possible cobalt shortfall resulting from the electrification of the 

automotive sector. However, this anticipation was obviously premature as the market is 

now (2019) in sur plus.  

The EU consumption of cobalt ores, concentrates and intermediates is 13,856 tonnes of 

contained cobalt (2,358 tonnes in ores and concentrates and 11,498 tonnes in Co 

intermediates and nickel mattes), the majority of which are sourced through imports from 

the DRC (68% of EU sourcing) and domestic production in Finland (14% of EU sourcing). 

The import reliance for cobalt ores, concentrates and intermediates is 86%.  

The EU consumption of refined cobalt is 17,585 tonnes of cobalt content, which mainly 

ori ginates from domestic production in Finland (54% of EU sourcing) and Belgium (7% of 

EU sourcing).  The import reliance for refined cobalt is 27%.  

Superalloys, which are used to make parts for gas turbine engines, are the major 

application for cobalt in the  EU. They account for 36% of the cobalt consumed in the EU 

for manufacturing of finished products. Other applications for which cobalt is an essential 

raw material include carbides and diamond tools (14%), pigments and inks (13%), 

catalysts (12%), and tyre  adhesives and paint dryers (11%). In the global context, the 

rechargeable battery market represents the largest and fastest -growing demand for 

cobalt; in 2016, rechargeable batteries consumed half of cobalt worldwide. Superalloys 

represent the second larg est application for cobalt globally with a share of 18% of total 

global demand.  

Substitution possibilities for cobalt are limited in many of its applications  because of its 

remarkable properties . Substitution can be achieved in battery chemicals  through ot her 

chemistries  without cobalt  based on nickel and manganese, or through content reduction 

in configurations with less cobalt loading. Due to loss of performance, functional cobalt 

substitution is severely restricted for superalloys and hard materials.  

Cobalt is a crucial raw material for the implementation of the EU long - term strategy for 

the climate -neutral economy by 2050 as it is employed in the manufacture of rechargeable 

batteries for electric vehicles and energy storage systems.   

Global resources of  cobalt are estimated at approximately 25 million tonnes. The worldôs 

most important cobalt resources are located in the copper - cobalt deposits in the area 

commonly known as the central African Copper belt which spans across the Democratic 

Republic of the Congo and Zambia. In addition, vast resources of cobalt are identified in 
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manganese nodules and cobalt -rich crusts on the oceansô seafloor. World land-based 

reserves of cobalt are estimated at 6.9 million tonnes, with the majority situated in the 

Democrati c Republic of Congo (49 %), Australia (17%) and Cuba (7%).  Within Europe, 

resources of cobalt are known to exist in Finland, Sweden, Spain, Greece and Poland. 

Finland is the sole country with reported cobalt reserves complying with an international 

reporti ng system.   

 

World mine production was nearly 134 kt as an average over 2012 -2016. The Democratic 

Republic of Congo dominated global mine supply with 59% of the worldwide total. China 

(7%) was the second mine producer. In the EU, cobalt is mined as a by -product of nickel 

and copper mining in Finland. The annual domestic production amounted to almost 2 kt, 

but this represents approximately 1% of the yearly worldwide total.  

 

World production of refined cobalt averaged to nearly 93 kt over 2012 -2016. In cont rast 

to mine output, China is the worldôs top producer of refined cobalt with almost half of the 

world total (49%), followed by Finland (12%) and Canada (6%). Domestic production in 

the EU is around 13 kt, with 87% of the total output produced in Finland. Cobalt is also 

produced in Belgium (11%) and France (2%). The total EU production of refined cobalt 

accounts for about 14% of the world total.  

 

End-of - life products such as cobalt -bearing alloys, batteries and spent catalysts can be 

collected and recycled . The end -of - life recycling input rate in the EU was 19% in 2016  

(Draft Co MSA 2019) . The future potential for increased recycling of cobalt from EV 

batteries is particularly high. However,  due to the lifespans of electric vehicle batteries, 

significant amounts of secondary cobalt will only become available for recycling in the near 

future (from 2025 onwards).  The EU already holds sufficient relevant recycling 

infrastructure to treat the fut ure end -of - life EV batteries.  

 

Regarding socio -economic issues, these are mainly related to the situation in the 

Democratic Republic of Congo: poor governance, political instability, trade restrictions. 

Additionally, a varying amount of global cobalt suppl y originates from arti - sanal and small -

scale mining (up to 20% of the global mine supply) raising concerns on human rights 

abuse.These are considered particular risks for the future security of supply.  

 

Five cobalt salts  (cobalt diacetate, cobalt dinitrat e, cobalt carbonate,  cobalt sulfate and  

cobalt carbonate) have been identified as substances of very high concern under the 

Regulation (EC) 2006/1997 and have been placed on the candidate list for authorisation. 

In December 2018, the European Chemicals Ag ency proposed restriction measures on the 

manufacture and use of these salts.  

 

7.2  Market analysis, trade and prices  

 Global market  

Cobalt demand is growing steadily in the last two decades, reflecting the increased use in 

superalloys and catalysts . Recently a huge rise in demand is observed for rechargeable Li -

ion batteries . I nitially , used in  consumer electronics and ICT applications, and lately for 

electric vehicles a nd energy storage applications (Alves Dias et al. , 2018 )  (Roberts and 

Gunn 2014)(Roskill 201 4) .  

Since 1998 , cobalt production is growing rapidly . The  world mine production increased 

from around 32 kt in 1998 to more than 135 kt in 2017 at a compound annual rate of 

7.6 %.At the same time  world production of refined cobalt increased from about 27 k t in 

1998 to nearly 120 kt in 2017 at a compound annual rate of 7.8% (background data from 

(BGS 2019)  and  (WMD 2019) . The increase in global mine production has been supplied 

mostly by DRC, which increased its share from 16% (1998)  to 61% (2017)  of the world wide 
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production . In 2010 it even reached 69%. As concerns the refined output , the increase  

was driven mainly by China which enlarged its share from 5% in 1998 to more than 58% 

in 2017 (background data from  (BGS 2019a) ). The market value of the world produc tion 

of refined cobalt in 2018 was estimated at EUR 7.7 billion 53 .  

Cobalt is traded in numerous forms such as cathodes, powders, salts and chemicals and 

qualities  (Al Barazi 2018) . This variety reflects the numerous stages of the cobalt 

production chain and  the fact that cobalt is mainly extracted as a by -product in nickel and 

copper mines  which may have no capacity for refining produced cobalt.  It is difficult to 

quantify the international trade in cobalt content, as itôs considerable amounts are 

contained within nickel and copper ores and concentrates, mattes etc. of variant 

compositions  (Roskill 2014) . Moreover, aggregated HS codes of several cobalt 

commodities make it challenging to track global trade in terms of cobalt content, i.e. HS 

810520 óCobalt mattes and other intermediate products of cobalt metallurgy; unwr ought 

cobalt; cobalt powdersô.  

Prior to refining, cobalt ores and concentrates are typically processed to intermediate 

products domestically to lower the high costs of shipping bulky ores/concentrates of lower 

value. Trade  of ores and concentrates can take  place due to corporate integra tion of mine 

operations and intermediate processing plants, or lack of domestic processing facilities  

(Roskill 2014) . In 2017, the DRC was the dominant supplier of cobalt ores and 

concentrates with about 161 kt of exports in gross weight (HS 260500), accou nting for 

97% of the value of world exports. However, since 2012 , only a relatively small amount 

of cobalt contained in ores and concentrates is exported . The DRC government is aim ing  

at increasing domestic refining of copper and cobalt products and decrea sing  exports of 

ores and concentrates . Therefore, the predominant exported product is hydrometallurgical 

intermediate containing cobalt such as hydroxide. In addition, refinery producers have 

increasingly preferred to import partially processed intermediat e products, as opposed to 

unprocessed concentrates  (Roskill 2014) . In 2017 China was the major destination country 

for world exports of cobalt ores and concentrates with a 61% share of the value of world 

imports, followed by Zambia ( 32 %) and Finland (3%)  (UN Comtrade 2019) . Chinese 

companies have many life -of -mine contracts with African producers to supply their 

smelters, and much of the cobalt they refine is used domestically  (Hannis and Bide 2009) . 

Figure 88  shows the top world importers and exporters of cobalt ores and concentrates 

based on trade data for code HS 260500 óCobalt ores and concentratesô.  

 

 

                                           
53 Estimation based on an average price of cobalt in 2018 of EUR 61,555 per tonne (LME cobalt cash) and the 
refined cobalt world production in 2018 of 124,344 tonnes (Cobalt Institute, 2019b) 
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Figure 88 : Top - 5 cobalt exporting (left) and importing (right) countries in 2017 

for cobalt ores and concentrates 54  by value. Background data from (UN 

Comtrade 2019)  

 

The international market of refined cobalt can be roughly split into metal products (e.g. 

cathodes, briquettes, in gots, granules, powder), and chemical products (e.g. cobalt 

chloride, oxide, hydroxide, and salts). For cobalt intermediates and refined cobalt, the DRC 

is the most significant exporter (58%) in terms of value, followed by China (12%) and 

Canada (9%). Chin a is again the largest importer of refined cobalt (39%), followed by 

Zambia (12%), Japan (10%), US (10%) and South Korea (8%).  

 

Figure 89  presents the  top world importers and exporters of cobalt intermediates and 

refined Co by aggregating trade data for trade codes HS 282200 óCobalt oxides and 

hydroxidesô, and HS 810520 óCobalt mattes and other intermediate products of cobalt 

metallurgy; unwrought cobal t; cobalt powdersô.  

 

Figure 89 : Top - 10 cobalt exporting (left) and importing (right) countries in 

2017 for cobalt intermediates and refined cobalt 55  by value. Background data 

from (UN Comtrade 2019)  

                                           
54 World trade of nickel or copper ores and concentrates containing cobalt may not be covered. In addition, as 
the DRC does not report exports of cobalt raw materials, the DRC export figures have been inferred from import 
statistics. 
55 World trade of nickel or copper intermediates containing cobalt may not be covered. In addition, as the DRC 
does not report exports of cobalt raw materials, export figures have been inferred from import statistics 
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Regarding export restrictions, the DRC, the worldôs top producer of cobalt, in 2017  applie d 

export taxes (0.5% export tax and 1% export surtax) on ad valorem  basis to cobalt ores 

and concentrates, cobalt oxides and hydroxides, cobalt mattes and other inter mediate 

products of cobalt metallurgy, unwrought cobalt, and cobalt powders  (OECD 2019) . Also, 

in 2017 DRC introduced an export prohibition for copper and cobalt concentrates; 

however, a moratorium up to the final resolution of the countryôs energy deficit has been 

granted, as it is stated in the relevant legal act  (R.D. Congo 2017) . Among other restriction 

measures in the trade of cobalt raw materials in place in 2017 as reported by  (OECD 

2019) , China imposes an ad valorem  export tax to cobalt ores and con centrates and cobalt 

oxides and hydroxides of 15% and 10% respectively, and Zambia an 10% ad valorem  

export tax to cobalt ores and concentrates.  

 

 Outlook for supply and demand  

Various studies have estimated the perspective of future cobalt demand. They are  based 

on different scenarios on the global deployment of electric vehicles, the vehicle types 

comprising the fleet (e.g. plug - in hybrid electric vehicles (PHEVs), battery electric vehicles 

(BEVs)), the associated timing of market penetration, the mix of b attery chemistries, and 

demand for batteries for domestic storage systems, and portable electronic devices  

A recent JRC report (Patrícia Alves Dias et al. 2018) analysed the demand and supply of 

cobalt in the transition to electric mobility . It concluded that cobalt demand might 

experience a 3.7 - fold increase between 2017 and 2030, driven by the expansion of the 

electric vehicles mar ket and energy storage systems.  The usage in Li - ion batteries will 

boost cobalt consumption, in particular in Nickel -Manganes e-Cobalt (NMC) and Nickel -

Cobalt -Aluminium (NCA) chemistries, both of which use cobalt as a cathode material  

(Patrícia Alves Dias et al. 2018) .  

The latest (May 2019) outlook report published by the International Energy Agency (IEA) 

verifies the rapid incr ease of the global electric car fleet (in 2018 exceeded 5.1 million, up 

2 million from 2017)  (Bunsen et al. 2019) . According to IEAôs estimates, the annual cobalt 

demand for the batteries of EVs sold in 2018 was about 17 kt. In a scenario based on the 

anno unced policy ambitions 56  and assuming a mix of battery chemistries of 10% NCA, 40% 

NMC 622 and 50% NMC 811 for 2030, the study forecasts that the annual demand for 

cobalt for battery manufacturing will increase to around 170 kt in 2030, whereas in a 

scenari o with higher EV uptake 57  the annual demand for cobalt in 2030 for EVs batteries 

will be more than twice as high, i.e. exceeding 350 kt per year.  

On the supply side, the market is currently experiencing a surplus due to several 

expansions in mining capacit y that have occurred in the last few years, mainly in the DRC. 

The JRC report projects that the global mining capacity of approximately 160 kt tonnes of 

cobalt in 2017, will reach between 193 and 237 kt tonnes in 2030  (Patrícia Alves Dias et 

al. 2018) . However, while new mining projects , substitution and recycling can improve the 

stability of cobalt supply until 2030, worldwide demand is expected to consistently exceed 

supply from 2025 onwards (see Figure 90 ). The JRC report highlights various barriers and 

risks in relation to the structure of the cobalt supply which is highly prone to disruptions, 

e.g. overconcentration of supply in DRC for mined cob alt and China for refined cobalt, slow 

speed of developing new mining capacity from exploration to production, dependence on 

copper and nickel demand as cobalt is a by -product, and sourcing concerns due to 

unethical practices in artisanal mining in the DRC . 

                                           
56 Global EV sales reach 23 million and the stock exceeds 130 million vehicles in 2030. 
57 Scenario under the assumption that EVs will reach a 30% market share for all modes except two-wheelers by 
2030. EV sales and stock nearly double by 2030 reaching 43 million and more than 250 million respectively. 



140  

 

 

Figure 90 : Average global supply - demand balances between 2017 and 2030 

(Patrícia Alves Dias et al. 2018)  

According to  (Ait Abderrahim and Monnet 2018) , the EU cobalt demand for jet engines 

and batteries for EVs, for domestic us e, smartphones and laptops will increase from 2 kt 

in 2015 to about 32 kt in 2035 . 32 kt is  higher by 2.5 times in comparison to the total EU 

cobalt consumption in 2012 for all applications. Electric vehicles and domestic energy 

storage will drive the growth of cobalt demand in the EU with expected use of 25.5 kt and 

4 kt respectively  by 2035 .  

The market forecast for world cobalt supply and demand is presented in Table 37 . 

 

Table 37 : Qualitative forecast of supply and d emand of cobalt  

Material  

Criticality of the 

material in 2020  
Demand forecast  Supply forecast  

Yes No 
5 

years  

10 

years  

20 

years  

5 

years  

10 

years  

20 

years  

Cobalt  x  +  +  +  +  +  ? 

 

 

 EU trade  

The average annual EU import in 2012 -2016 was  12,113 tonnes of cobalt contained in 

ores and concentrates and cobalt intermediates.  Imports of ores, concentrates and 

intermediates come mostly from the DRC (80%). Other countries of origin for EU imports 

are New Caledonia (6%), Russia (6%) and Canada (5 %). On the other hand, EU imports 

of refined cobalt are less concentrated and have a wider distribution of sourcing countries 

(see Figure 93 ). In particular, the EU imported about 7,858 tonnes of refined cobalt, with 

Norway and the US the leading exporters (each 18% ) . Zambia (11%), Madagascar (11%) 

and China (10%) are included in t he top EU suppliers for refined cobalt.  

Figure 91  and Figure 92  illustrate the import and export flows of these materials to and 

from the EU collectively and demonstrate that the EU is a net importer of cobalt -bearing 

materials. The EU reliance on imports of cobalt ores, concentrates and intermediates i s 
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estimated at 86%, while the import reliance for refined cobalt amounts to 27%.  Figure 93  

shows the origin countries for the EU imports of cobalt.  

 

 

Figure 91 : EU trade flows for cobalt ores, concentrates and intermediates 

(ESTAT Comext 2019)  

 

Figure 92 : EU trade flows for refined cobalt (ESTAT Comext 2019)  
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Figure 93 : Countries of origin for EU imports of cobalt ores, concentrates and 

intermediates (left) and refined cobalt (right). Average 2012 - 2016. Background 

data from (ESTAT Comext 2019) (ULJAS 2019)  

 

As regards export restrictions applied by the leading EU suppl iers, the DRC applies an 

export tax and export duty to cobalt ores and concentrates, as well as to refined cobalt 

products as it is described in Section 7.2.1  (OECD 2019) .  

Regarding trade agreements there is a EU -Canada Comprehensi ve Economic and Trade 

Agreement.  

 

 Prices and price volatility  

Cobalt is mainly traded in the forms of cathode (cut and broken), metal powder, salts and 

chemicals . The price of many cobalt compounds is negotiated individually between 

producers, distributors and end users, depending on the product quality and the 

specifications required  (Al Barazi 2018) . Benchmark prices are assessed by price reporting 

agencies. Cobalt is also exchange - traded e.g. at the London Metal Exchange  (LME) . 

For many years, cobalt prices were only available from the Metal Bulletin free -market 

quotation, and this is still commonly used as a benchmark by the industry  (European 

Commission 2017)(Fastmarkets 2019b) . Cobalt spot prices reported by price reporting 

agencies refer to a variety of products and specifications. For example, prices provided by 

Fastmarkets MB include the free -market cobalt standard -grade (min 99.8% Co), cobalt 

sulphate (min 20.5% Co, C hina ex -works), the cobalt hydroxide index (min 30% Co, CIF 

China), cobalt tetroxide (min 72.6% Co, China delivered) etc.  (Fastmarkets 2019a) .  

The LME began trading cobalt in 2010 in cash and futures contracts  (Roberts and Gunn 

2014) . Until that time, cob alt was traded only on the free market  (Hannis and Bide 

2009)(Al Barazi 2018) . The LME cobalt contract, which is physically settled, includes 

coarse -grained metal powder, briquettes, broken or cut cathodes, ingots, and rounds  (LME 

2019b) . Cobalt traded on the LME in 2015 represented only 20% of global refined cobalt 

metal production and 9.5% of refined world production of cobalt metal and chemicals . This  

reveals that the LME cobalt contract is still in the early stage of acceptance as a primary 

pricing mech anism  (USGS 2017) . In January 2018, the minimum purity required for cobalt 
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metal delivery under the LME cobalt contract changed from 99.3% (low -grade) to 99.8%, 

or high -grade  (Kusigerski 2018) . In March 2019, the London Metal Exchangeôs introduced 

a new ca sh-settled cobalt contract, which is settled against Fastmarketsô MB benchmark 

standard -grade cobalt price  (LME 2019b) . 

For historical perspective, cobalt prices became considerably volatile since the late 1970s  

(Al Barazi 2018) . Various events which influ enced cobalt prices may be noted in Figure 94 , 

ranging from de -stocking, geopolitical unrest, recession and concerns over future supply  

(Patrícia Alves Dias et al. 2018) . Since 2000, cobalt demand has risen gradually , driven 

from strong demand for rechargeable batteries used in portable electronic equipment  

(Patrícia Alves Dias et al. 2018) . A significant price increase was seen over the 2002 -2004 

and 2006 -2008 periods . This was due to a supply decrease , uncertainty over sufficient 

future supply  and linked to a high level of global economic growth supported by strong 

Chinese demand  (Al Barazi 2018) . I n 2002, the price of high -grade cobalt a veraged just 

under USD 15,400 per tonne but increased to  an average of over USD 86,000 per tonne 

by 2008 (see Figure 94 ). The rise in cobalt metal price s interrupted by the global economic 

crisis, causing prices to decrease d dramatically between 2008 and 2009 as supply 

exceeded demand  (Roskill 2014) . 

In 2017, a sharp increase of cobalt prices took place due to market expectations driven 

by  an increase  of demand  for battery raw materials  for EVs (DERA 2017)(DERA 2018) .The 

price of cobalt in March 2016 was close to EUR 20,000 per tonne, and incresad almost four 

times  within two years to around EUR 76,700 per tonne in March 2018 . (S&P Global Market 

Intelligen ce 2019b) . Since then, cobalt prices dropped to around EUR 25,800 per tonne  in 

June 2019  (S&P Global Market Intelligence 2019b) . This was due to an oversupply of cobalt 

hydroxide from the DRC, limited stockpiling and consumer preference to cobalt hydroxide 

and cobalt salts rather than metal.  (Fastmarkets 2019d) (Fastmarkets 2019c)(Roskill 

2019a)(Reuters 2019) ;  

 

 

Figure 94 . Annual average prices 58  of cobalt from 1960 to 2018 and significant 

events affecting cobalt prices. Background data  from  (USGS 2013) (USGS 

2017a) (USGS 2018b) (DERA 2017a) (DERA 2018c) (Patrícia Alves Dias et al. 

2018) (Roskill 2014) (European Commission 2014b)(Roberts and Gunn 2014)  

 

 

                                           
58 Nominal prices not adjusted for inflation 
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Figure 95 . LME - cobalt cash from June 2013 to June 2019, monthly average 

(EUR/tonne). Data from (S&P Global Market Intelligence 2019b)  

 

Cobalt prices generally follow similar trends to those of nickel, except the period 2017 -mid 

2018 when cobalt prices surged. The constrains to the mineral supply of copper and nickel 

affect global cobalt output, such as the cobalt production decrease in 2016, mainly owing 

to lower produ ction from nickel operations  (Patrícia Alves Dias et al. 2018) . Raise in cobalt 

prices, such as the one observed in 2017, can be expected when increasing cobalt demand 

is not associated with a growing demand for copper and nickel.  (Al Barazi et al. 2018) . 

 

7.3  EU demand  

 EU consumption  

For cobalt ores, concentrates and intermediates the EU consumption is 13,856 tonnes per 

year in cobalt content, on average over the 2012 ï2016 period. Of this only 1,743 tonnes 

per year (averaged over 2012 ï2016) came from the EU ( calculated as EU production ï 

exports to non -EU countries). The remaining 12,113 tonnes were imported. The EU 

consumption consists of 2,358 tonnes of cobalt contained in ores and concentrates and 

11,498 tonnes of cobalt contained in cobalt intermediates an d nickel mattes. The net 

import reliance as a percentage of apparent consumption is 86% for cobalt ores, 

concentrates and intermediates.  

The apparent consumption of refined cobalt in the EU amounts to 17,585 tonnes of cobalt 

content per year on average dur ing 2012 ï2016. The amount of EU consumption covered 

by domestic production was 9,728 tonnes per year (again averaged over 2012 ï2016 and 

calculated as EU production ï exports to non -EU countries). The remaining 7,857 tonnes 

were imported, resulting in net i mport reliance of 27% for refined cobalt.  
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 Uses and end -uses of cobalt in the EU  

On a global scale cobalt is primarilyused in manufacturing of battery chemicals (Ni -Cd, Ni -

metal hydride and Li - ion rechargeable batteries used in portable electronic devices,  energy 

storage systems and electric vehicles). In 2016 this was half of the worldwide consumption 

of cobalt . Other significant uses include superalloys mainly used in turbine engine 

components (18% of world consumption), and hard materials used in carbide s for cutting 

tools (8%). Pigments used in colouring glass and ceramics and in paints (6%), catalysts 

for petroleum refining and plastics manufacturing (5%), magnets used in electric motors 

and loudspeakers (3%), tyre adhesives and paint dryers (3%), and a  number of other 

minor end uses including foodstuffs, biotechnology, medicine, electroplating, electronics 

etc. make up the remaining one quarter of global consumption.  

 

Figure 96 : Global end uses of cobalt in 2016. (Darton Commod ities in  (BRGM 

2017) )  

 

In the EU, the manufacturing of superalloys consumes 36% of the total demand for cobalt. 

Other applications for which cobalt is an essential raw material for the EU downstream 

industry are hard metals (cemented carbides and diamond tools) for metal tooling (14% 

of total demand), inks and pigments (13%), catalysts (12%), tyre adhesives and paint 

dryers (11%), magnet alloys (6%), battery chemicals (3%), and other uses (5 %)(Cobalt 

Institute, 2019e)(Cobalt Institute, 2019d).  
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Figure 97 : EU  end uses of cobalt 59  in 2016  (Cobalt Institute 2019e)(Cobalt 

Institute 2019d) .  

 

The diverse uses of cobalt can be divided into two broad categories : metallurgical and 

chemical.  

7.3.2.1   Metallurgical applications  

Cobalt metal is re quired for the production of superalloys, hardfacing alloys and high -

speed steels, magnet alloys, hard materials and special alloys.  

Superalloys are alloys that have been developed specifically for high - temperature service, 

where a combination of high str ength and resistance to surface degradation is required. 

Superalloys are employed in several critical applications such as jet engines, gas turbines, 

space vehicles, rocke ts, nuclear reactors, and power plants. Cobalt is used as the matrix 

or as an alloyin g element in superalloys because of the high melting point and superior 

corrosion resistance at high temperatures. Three alloy types can be distinguished under 

the definition of ñsuperalloysò: cobalt, nickel, or iron-based alloys. Cobalt is mainly present 

in cobalt -based and nickel -based alloys, which account for 6% and 80% respectively of 

the superalloy production. Cobalt -based wrought alloys contain around 30% of cobalt , and 

cobalt -based casting alloys may contain up to 65% cobalt . Cobalt -based superalloy s 

provide higher melting points than nickel (or iron) alloys, superior hot corrosion resistance 

to gas turbine atmospheres, and excellent thermal fatigue resistance and weldability over 

nickel superalloys. However, as the rupture strength of cobalt -based s uperalloys is lower 

at the interval of 815 °C to 1,100 °C temperatures than nickel -based alloys, they tend to 

be used for static (i.e. not rotating) applications. A high proportion of nickel -based 

superalloys, which have the majority share of the market, contain cobalt up to 20% by 

weight. Cobalt is not normally  present in iron -based superalloys  (Roskill 2014) (Cobalt 

Institute 2019c) .  

The term 'hardfacingô refers to hard alloysô deposition by a welding process on a base of 

softer metal to protect it from wear. Cobalt -based hardfacing alloys are selected for thei r 

excellent resistance to the broadest combination of wear types. Hardfacing alloys mainly 

contain cobalt, chromium, molybdenum and nickel in various compositions. The most 

frequently used hardfacing cobalt alloys typically contain 40% to 60% cobalt (i.e. Stellite 

alloys)  (Roskill 2014) .  

                                           
59 Cobalt demand for products manufactured in the EU 
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Cobalt is also an alloying element of high -speed steels (HSS) for the manufacture of cutting 

tools when high strength at elevated temperature is required. Cobalt is used in both 

traditional tool grades as well as in powde r metallurgy grades at typical compositions 

ranging from 8% to 13% Co balt  (Roskill 2014) .  

 

The category óhard materialsô includes cemented carbide materials and diamond tools. 

Cobalt powder is employed as the binding material in the manufacture of cemente d 

carbides to increase resistance to wear, hardness and toughness, essential qualities for 

cutting tools and wear - resistant components used by the metalworking, mining, oil drilling, 

and construction industries. The carbide is mainly produced from tungsten  (Cobalt 

Institute 2019c) . Similar to cemented carbides, cobalt is also used together with synthetic 

diamond in the manufacture of diamond tools such as grinding wheels and diamond saws, 

as the matrix that binds the wear - resistant particles together  (Roski ll 2014) . 

Since cobalt is ferromagnetic, it is used as an alloying metal in magnetic alloys for 

permanent magnets used in electrical equipment. Cobalt has the highest known Curie 

point of 1,121°C than any other metal, i.e. the temperature at which magnetic  properties 

are lost . Cobalt is used either in the high -strength samarium -cobalt permanent magnets 

for electric motors or the lower -powered aluminium -nickel -cobalt magnets. Magnets 

containing cobalt are used in electric motors, generators, magnetic resonan ce imaging 

(MRI), microphones, loudspeakers, sensors, computer hard disk drives and many other 

applications  (Hannis and Bide 2009) (Cobalt Institute 2019c) . Furthermore, Co -bearing 

coatings may be applied to neodymium - iron -boron magnets for improved therma l stability 

and corrosion resistance  (Cobalt Institute 2019c) . 

Other uses of cobalt in alloys include special alloys used for prosthetic limbs in orthopaedics 

due to excellent biocompatibility, wear - resistance and strength. Co -Cr and Co -Cr-Mo 

implants are mainly used, mostly in knee and hip operations and fracture repair  (Cobalt 

Institute 2019c) (Roskill 2014) . 

 

7.3.2.2   Chemical applications  

In chemical applications, cobalt is used in the manufacture of various chemical compounds 

for a wide range of end -uses.  

Cobalt is utilised mostly in rechargeable batteries. Cobalt substances used as chemical 

precursors for cathode materials are cobalt sulphate, dichloride and dinitrate  (Cobalt 

Institute 2019d) . Cobalt compounds for manufacturing  active cathode materials are  cobalt 

oxide, cobalt hydroxide, cobalt sulphate and cobalt metal of high purity. Cobalt is an 

essential constituent of lithium - ion batteries which compared to other battery types offer 

superior energy and power density as well as cycling ability. The lith ium cobalt oxide (LCO) 

type, which has a cathode composed of LiCoO 2 containing 60% of Co which accounts for 

50% of the weight of the cathode, is used in portable electronic devices such as cell 

phones, tablets and laptops. Lithium -nickel -manganese -cobalt o xide (NMC) type, which 

has a cathode that contains 10 -20  % cobalt, is used in electric vehicles and energy storage 

units (e.g. in renewable energy farms). Lithium -nickel -cobalt -aluminium oxide (NCA) 

batteries are used in EV applications as well as in indus try and  medical devices  (Cobalt 

Institute 2019c) . In recent years, Li - ion chemistries have shifted towards lower cobalt 

compositions  (Mathieux et al. 2017)  due to the high cobalt price. However, some cobalt is 

still necessary to maintain high performance, stability and safety  (Cobalt Institute 2019d) . 

Cobalt is also used in both anode and cathode of Ni -metal hydride batteries ( NiMH batteries 

contain on avera ge 4% of Co balt ) with applications in power tools and in hybrid electric 

vehicles, as well as in the cathode of Ni -Cd batteries (electrode contains on average 1  % 

of Co)  (Cobalt Institute 2019c) . The significant increase in the numbers of portable 

electron ic devices, most of which contain lithium - ion batteries, has driven considerable 

growth in demand for cobalt in recent years. In 2005, battery chemicals represented just 

25% of global end uses of cobalt  (Mathieux et al. 2017) , while in 2016 battery chemica ls 
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for rechargeable accounted for 50% of total cobalt consumption . I n 2020, a projected 

share of 60% is expected  (Patrícia Alves Dias et al. 2018) . 

 

As cobalt is multivalent, it enhances the catalytic  action; therefore, cobalt salts are used 

as precursors for industrial  catalysts in the petrochemical and plastic industries. In 

particular,  cobalt oxides are used in desulphurisation reactions in oil refining, in 

combination with molybdenum trioxide and aluminium oxide, which represents the highest 

tonnage of cobalt used in catalyst applications. Moreover, cobalt acetate is mixed with 

manganese bromide to be used as a catalyst in the synthesis of organic compounds, i.e. 

terepthalic acid (TPA) and di -methylterephthalate (DMT) , which are precursors for the 

manufa cture of PET. Cobalt is also used in hydroformylation reactions for the synthesis of 

alcohols for detergents, and aldehydes for the manufacture of plastics. Catalysts 

containing cobalt are also used in the production of synthetic diesel from natural gas. 

Cobalt compounds used in catalysts are cobalt metal, cobalt oxide, cobalt acetate, cobalt 

sulphate, cobalt chloride, cobalt hydroxide, cobalt carboxylates  (Cobalt Institute 

2019c)(Roberts and Gunn 2014) . 

One of the earliest known uses for cobalt is in pigme nts to produce an intense blue colour 

in glass, porcelain, ceramics, paints, inks and enamels. A variety of cobalt compounds, 

including cobalt oxides and other complex forms, can be used as colourants for a variety 

of blue -based tints. Cobalt can also be u sed as a decolouriser to suppress yellowish tint 

glass that originates from iron contamination.  (Cobalt Institute 2019c)  

Cobalt carboxylates are used in the production of adhesives that promote the bonding of 

the rubber to the steel bracing in steel -belte d radial tyres  (Roskill 2014) . Cobalt 

carboxylates are also the principal cobalt compound used by the paint and ink industry to 

accelerate drying in inks, varnishes and oil -based paints  (Cobalt Institute 2019c) . The 

typical concentration of cobalt in ambie nt cure alkyd paint is around 0.06%  (Roskill 2014) . 

Cobalt is a  bio -essential  trace element for bacteria, plants, animals and humans. It forms 

part of vitamin B12, which is of vita l importance in the physiology of the human body, e.g. 

in red blood cell formation and neurological health. Humans have to obtain vitamin B12 

from animal -derived foods. Only ruminant animals are able to synthesise vitamin B12 from 

elemental cobalt. As well  as being essential for humans in the form of vitamin B12, cobalt 

is important for nitrogen fixation by free - living bacteria, blue -green algae and symbiotic 

systems. Cobalt underpins the biotechnology industry as it as an indispensable t race 

element for gr owth medium in fermentation processes which produce important 

biomolecules (e.g. therapeutic peptides, antigens, antibodies, single -cell proteins, 

vitamins, enzymes and antibiotics) utilised in many medical and pharmaceutical 

applications such as active pharmaceutical ingredients, diagnostic tools for analysis, 

production of antigens and antibodies etc. Finally, cobalt is also used in animal feeds as it 

is an essential nutrient for animals. Cobalt is added in trace quantities (typically between 

1 and 5 pp m), mainly in the form of cobalt carbonate and cobalt sulphate, as a dietary 

supplement to animal feeds for ruminants  (Cobalt Institute 2019c)(Roskill 2014) . 

A smaller market for cobalt chemicals, principally cobalt sulphate and dichloride, is electro 

and electroless -plating of cobalt and  cobalt -alloy coatings to provide wear and corrosion 

resistance to the substrate  (Roskill 2014) . Other smaller applications include integrated 

circuits (contacts, metals leads and packages), semiconductors, magnetic recordi ng 

media, and medical uses of cobalt isotopes  ( 60Co, 58Co, 57Co,  55Co)  such as radiotherapy 

treatments, equipment sterilisation, brain imaging etc.  (Cobalt Institute 2019c) (Roskill 

2014) . 

Relevant industry sectors are described using the NACE sector codes  in Table 38 . 

https://www.cobaltinstitute.org/cobalt-bioessentiality.html
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Table 38 : Cobalt applications, 2 - digit and examples of associated 4 - digit NACE 

sectors, and value - added per sector ,  Value - added average 2012 - 2016  (Eurostat 

2019a)  

Applications  
2 - digit NACE 

sector  

Value - added 

of NACE2  

sector (Mú) 

Examples of 4 - digit NACE sector(s)  

Battery 

chemicals  

C27 ï Manufacture 

of electrical 

equipment  

80,745  C2720 ï Manufacture of batteries and 

accumulators  

Superalloys, 

hardfacing, 

HSS, other 

alloys  

C25 ï Manufacture 

of fabricated metal 

products  

148,351  C2511 ï Manufacture of metal 

structures and parts of structures; 

C2550 Forging, pressing, stamping and 

roll - forming of metal, powder 

metallurgy;  C2561 ï Treatment and 

coating of metals; C2573 ï Manufacture 

of tools; also possibly C3030 ï 

Manufacture of air and spacecraft and 

related machinery  

Hard 

materials 

(carbides, 

diamond 

tools)  

C25 ï Manufacture 

of fabricated metal 

products  

148,351  C2573 ï Manufacture of tools  

Catalysts  C20 ï Manufacture 

of chemicals and 

chemical products  

105,514  

 

C2013 ï Manufacture of other inorganic 

basic chemicals; C2059 ï Manufacture 

of other chemical products n.e.c.  

Pigments and 

inks  

C20 ï Manufacture 

of chemicals and  

chemical products  

105,514  

 

C2012 ï Manufacture of dyes and 

pigments  

Magnets  C27 ï Manufacture 

of electrical 

equipment  

80,745  

 

C2711 ï Manufacture of electric motors, 

generators and transformers; C2790 ï 

Manufacture of other electrical 

equipment; also pos sibly C2620 ï 

Manufacture of computers and 

peripheral equipment; C2680 ï 

Manufacture of magnetic and optical 

media  

Tyre 

adhesives 

and paint 

dryers  

C20 ï Manufacture 

of chemicals and 

chemical products  

105,514  

 

C2030 ï Manufacture of paints, 

varnishes and s imilar coatings, printing 

ink and mastics; C2052 ï Manufacture 

of glues  

 

 

 Substitution  

Substitutes for cobalt are continuously being researched mainly due to high price volatility , 

geopolitics of supply, cost and environmental benefits  (Roberts and Gunn 2014) . While in 

the majority of applications, the substitution of cobalt would result in lower product 

performance, there are a few examples where cobalt can be replaced in the production 

process. Nickel is the main substitute for cobalt  in most applications  (Patrícia Alves Dias 

et al. 2018) . Substitution in the criticality assessment has been considered as follows:  

Batteries : Substitution of cobalt in Li - ion cells is possible by nickel and manganese with 

adequate to good performance  (Patrícia Alves Dias et al. 2018)(Tercero et al. 2018a) , but 

with a potential compromise on thermal stability and safety  (Cobalt Institute 2019d) . In 

the criticality assessment, substitution in Li - ion batteries has been assessed through other 

chemistries,  as well as through Co content reduction. There is a wide range of different 
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battery technologies available which could be considered as potential substitutes for the 

battery chemistries that contain cobalt. For example, the chemistries of LiFePO 4 (LFP) an d 

LiMn 2O4 (LMO) without cobalt can be used instead of LiCoO 2 (LCO), LiNiMnCoO 2 (NMC) 

and LiNiCoAlO 2 (NCA) in Li - ion batteries. Also, amongst cobalt -bearing cathodes, several 

configurations with different cobalt contents are available  (Patrícia Alves Dias e t al. 2018) . 

The following battery chemistries have been examined in detail in the assessment: 

Lithium -nickel -manganese -cobalt -oxide (NMC) with reduction of Co content, Lithium -

manganese -oxide (LMO), Lithium - iron -phosphate (LFP), Lithium -nickel -cobalt -alum inium -

oxide (NCA) with a decrease of Co content, and NiCd/NiMH. In LMO and NiCd/NiMH 

potential substitutes, the performance is considered to be lower than for the battery 

chemistries that contain cobalt, whereas for NMC, LFP and NCA the performance is deem ed 

to be similar. For all potential substitutes, the cost is assessed equal or lower relative to 

cobalt -based chemistries  (Battery Universtity 2018) .  

The cobalt contents of Li - ion batteries are expected to be reduced rather than eliminated 

in the future  (USGS 2019) (Roskill 2019b) . According to the latest report prepared by the 

Joint Research Centre, cobalt use in EV batteries can be reduced by 17% until 2025 and 

between 2025 and 2030 by another 12%, driven by substitution efforts towards more 

widespread u se of NMC 622 and NMC 811 cathodes. Also, alternative, cobalt - free 

technologies are foreseen in the future  (Patrícia Alves Dias et al. 2018) . 

Superalloys, Hardfacing, HSS and other alloys : Potential substitutes include composites 

(e.g. fibre - reinforced met al matrix composites, carbon -carbon and ceramic -ceramic 

composites), titanium -aluminides, nickel -based alloys, and iron -based superalloys. In 

some cases cobalt can be also substituted by  niobium, rhenium, and PGMst in superalloys. 

All the above alternative s may replace to some extent cobalt - containing alloys used in 

applications such as jet aircraft engines, turbine blades for gas turbines, space vehicles or 

chemical equipment but with reduced overall performance e.g. loss of performance at high 

temperature s in some cases  (Tercero et al. 2018)(Cobalt Institute 2018) (Harald Ulrik 

Sverdrup, Ragnarsdottir, and Koca 2017) . Substitution of cobalt in turbine engine 

components by nickel has been evaluated from poor  (Tercero et al. 2018)  to adequate  

(Patrícia Alves  Dias et al. 2018) .  

Hard materials : Materials such as nickel, nickel -aluminium, iron and iron -copper are 

potential substitutes for cobalt used as a metallic binder in cemented carbides for cutting 

tools, metal rollers and engine components. All of these po ssible substitutes result in a 

loss of product performance in the essential properties such as resistance to wear, 

hardness and toughness  (Tercero et al. 2018) .  

Substitutes for other application categories were not considered in detail during the 

criticali ty assessment because their application shares were less than 10% of the total 

cobalt used. However, potential substitutes in other applications include:  

Magnets : There is potential for substitution of cobalt -alloyed magnets by nickel - iron alloys, 

or, prim arily, by neodymium - iron -boron alloys  (Patrícia Alves Dias et al. 2018) . Nd -Fe-B 

magnets have the highest energy density compared to other permanent magnets, making 

it the material of choice in high -performance applications where the size and weight are 

key requirements  (Pavel et al. 2016) . However,  weaknesses are still present in high -

temperature applications, which have been addressed by coating techniques with the 

addition of cobalt  (Cobalt Institute 2019c) . Other potential substitutes include barium or 

strontium ferrites  (Patrícia Alves Dias et al. 2018) (USGS 2019) . 

Pigments : Substitution of cobalt in pigments is straightforward and alternatives with very 

good performance are available. Cerium, acetate, iron, lead, manganese, or vanadium can 

all be used  as substitutes  (Patrícia Alves Dias et al. 2018) (USGS 2019) (Harald Ulrik 

Sverdrup, Ragnarsdottir, and Koca 2017) . However, in the automobile industry, issues of 

performance are reported in the use of cobalt -based pigments . Cobalt complex dyes have 

a hig h light - fastness which cannot be achieved by using alternative dyes resulting in colour 

fading.  (European Commission 2017)  
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Catalysts : Cobalt may be substituted to some extent without significant performance loss. 

Ruthenium, molybdenum, nickel and tungsten  can be used instead of cobalt, for instance 

in hydro -desulphurisation. An alternative ultrasonic process can also dispense with the use 

of cobalt, and rhodium can serve as a substitute for hydro - formylation catalysts  (Patrícia 

Alves Dias et al. 2018) . For  chemical catalysts, platinum and palladium are also reported 

as potential substitutes for some of the used cobalt  (Harald Ulrik Sverdrup, Ragnarsdottir, 

and Koca 2017) . Ruthenium and iron are available substitutes for biodiesel production 

(Fischer ïTropsch  process) . Although cobalt  catalysts  provide the highest yield and longest 

life - time and they are preferred when the feedstock material is natural gas  (R. L. Moss et 

al. 2011) .  

Other Uses : Copper - iron -manganese for curing unsaturated polyester resins and t itanium -

based alloys may be used as substitutes in prosthetics.  (USGS 2019)  Oxidised Zirconium 

is also considered a substitute for prosthetic hip implants.  (Roskill 2014)  There is no 

substitute for cobalt in biotechnology industry  (European Commission 2017 ) . 

A study carried out by  (Graedel et al. 2015)  assessed cobaltôs substitutes performance as 

54  on a scale from 0 to 100 60 .  

7.4  Supply  

 EU supply chain  

Despite domestic production of cobalt ores and refined cobalt, the EU remains dependent 

on imports, with an import reliance of 86% for cobalt ores, concentrates and 

intermediates, and 27% for refined cobalt.  

The cobalt flows through the EU economy are demonstrated in the following Figure 98 . 

 

 

 

Figure 98 : Simplified MSA of cobalt flows in the EU, 2016 . (Draft MSA of Cobalt 

2019)   

 

7.4.1.1   Cobalt mine supply  

 

                                           
60 On this scale, zero indicates that exemplary substitutes exist for all major uses and 100 indicates that no 
substitute with even adequate performance exists for any of the major uses.  
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Cobalt is currently mine ed only in Finland in three mines as a by -product of nickel or 

copper  (FODD 2017)(Gautneb et al. 2019) . In particular:  

 

¶  The open -pit Sotkamo (Talvivaara) mine operated by Terrafame. It is a large, low -grade 

black -shale hosted Zn -Ni-Cu-Co mine which produces cobalt as by -product to nickel and 

zinc . The mined nickel - rich polymetallic ore is processed in heaps by bioleaching under 

ambient pressure and temperature. Cobalt and other metals are precipitated as sulphide 

and marketed as intermediate nickel -cobalt sulphide. At full scale, cobalt production 

capacity is estim ated at 1,800 tonnes per year  (Patricia Alves Dias et al. 2018) . Terrafame 

is constructing a new battery chemicals plant on -site that will change the current 

production target from 30 kt Ni -Co-sulphide to 170 kt of Ni -sulphate and 7,400 t of Co -

sulphate. Commercial production is announced to commence at the start of 2021, and the 

end -use market of products will be manufacturing of batteries for electric vehicles  

(Terrafame Oy 2018) (TerraFame 2018a) ;  

¶  The underground Kylylahti copper -zinc  mine operated by  Boliden Mining. The Kylylahti 

mine extracts from a small - sized Cu -Zn -Ni-Co deposit. Production started  in 2012. The 

average annual production between 2012 and 2016 has been 1,000 tonnes of cobalt  (GTK 

2019b) . In 2018, the mine produced 278 tonnes of Co bal t  (Gautneb et al. 2019) ;  

¶  The open -pit Kevitsa nickel -copper  mine also operated by Boliden Mining. The Kevitsa 

mine exploits a large low -grade Ni -Cu-PGE deposit. Production started in 2012, and 

averaged to 370 tonnes of cobalt per year over the 2012 -2016 p eriod  (GTK 2019a) . In 

2018, the mine produced 591 tonnes of cobalt (Gautneb et al. 2019) . 

 

The Hitura mine in Finland producing cobalt in nickel -copper  concentrates suspended 

production in 2013  (FODD 2017) , and the Aguablanca mine in Spain producing Ni -Cu 

concentrates containing cobalt closed in 2016  (USGS 2017) . In Greece and Poland, cobalt 

is extracted in operating mines of lateritic nickel and copper ores, respectively, but it is 

not recovered as a by -product  (Lauri et al. 2018) . The H2020 project METGRO W+ (2016 -

2020) is currently studying the extraction of cobalt from Polish and Greek low -grade Ni -

bearing laterites by innovative metallurgical technologies  (Mäkinen et al. 2018) . 
 

On a global scale, EU mine production is small (nearly 2,000 tonnes per year) representing 

a share of only 1.5% of the total. New Caledonia (French overseas territory) produces 

circa 4,000 tonnes annually, covering 4% of the world total mine production.  

Figure 99  presents the EU sourcing (domestic production and imports) for cobalt ores and 

concentrates and cobalt intermediates based on averages over the period 2012 ï2016. The 

amount of imported cobalt contained within ores an d concentrates is about 400 tonnes 

and 11,700 tonnes for intermediates.  
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Figure 99 : EU sourcing of cobalt ores, concentrates and intermediates. Average 

2012 - 2016  (Eurostat 2019) , (ULJAS, 2019), (WMD, 2019).  

 

7.4.1.2   Intermediates and refined Co supply  

The EU is an important producer of refined cobalt accounting for almost 14% of the worldôs 

production. Intermediates and refined cobalt are currently produced in:  

¶ The Kokkola cobalt refinery in Finland, operated by Fre eport Cobalt . It produces metal 

powders and a wide range of cobalt chemicals (i.e. acetate, carbonate, hydroxide, oxide, 

sulphate) for chemical, pigment, and powder metallurgy applications .It also produces  

battery -grade cobalt compounds used as precursors for cobalt -based cathode materials. 

According to production data published by the Cobalt Institute, the average annual 

production has been about 10,300 tonnes over 2012 -2016, while in 20018 production 

reached 12,874 tonnes (Cobalt Institute 2019b) . The yea rly capacity is reported to be 

15,000 tonnes of cobalt (USGS 2018) . The refinery mainly processed intermediate 

hydroxide and alliage blanc imported from the Democratic Republic of the Congo, as well 

as intermediates from Harjavalta plant in Finland  (Roskil l 2014) (USGS 2017) . According 

to the company, more than 50% of the total feed is secondary material from residues and 

by -products  (Freeport Cobalt 2019) ;  

¶  The Harjavalta nickel refinery in Finland, operated by Norilsk Nickel, produces cobalt 

intermediates  in the form of cobalt sulphate and cobalt solutions. The refinery processes 

various nickel -bearing materials sourced from Norilsk's operations in Russia and third 

parties, e.g. Ni -Co mattes  and nickel concentrates  (Roskill 2014) (Nornnickel 2018) . 

Accordi ng to  Roskill , the capacity is 380 tonnes of cobalt in the form of cobalt  sulphate  

(Roskill 2014) ;  

¶  Umicore operates the Olen refinery in Belgium which produces refined cobalt in various 

forms such as metal powder, cobalt salts (cobalt carbonate, cobalt sulphate, cobalt 

chloride, etc.) and cobalt oxide. Various cobalt materials, such as cobalt residues and other 

cobalt - containing materials,  are processed into a wi de range of refined cobalt products  

(USGS 2018) (Roskill 2014) . Refined cobalt capacity is reported as 1,500 tonnes per year  

(USGS 2018) ;  

¶ In France, Eramet produces cobalt chloride at the Sandouville nickel refinery, as a by -

product of refining nickel matt e imported from New Caledonia. From mid -2017 the refinery 

is supplied with nickel matte by a new European source.  (Eramet 2019)  Capacity is 

reported to be 500 tonnes of cobalt (USGS 2018) . 

Figure 100  presents the EU sourcing (domestic production and imports) for intermediate 

and refined cobalt as an average over the period 2012 ï2016. EU production of refined Co 

was nearly 13 kt per year, and imports were approximately 7 900 tonnes per year of cobalt 

oxides and hydroxides, cobalt sulphates, and cobalt chlorides.   
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Figure 100 : EU sourcing of refined cobalt. Average 2012 - 2016  (Eurostat 2019) , 

(ULJAS, 2019), (WMD, 2019 ) .  

 

7.4.1.3   Supply of recycled cobalt  

In the Freeport Cobalt refinery in Kokkola in Finland, more than 50% of the total feed is 

material from secondary sources (e.g. cobalt contained in residues and by -products) 

according to companyôs statement (Freeport Cobalt 2019) . The plant applies 

hydrometallurgical processes, which can extract and purify cobalt to obtain high -quality 

chemicals  (Sundqvist Ökvist et al. 2018) . 
 

Hydrometal in Engis, Belgium, processes cobalt - containing wastes from by -products of 

zinc metallurgy. The input material consists of cement coming from zinc electrolysis, which 

typically contains 5 -7% cobalt , and by adequate processing, cobalt concentrates  are 

obtained with a Co content of over 65%, which are sold to cobalt refineries  (Sundqvist 

Ökvist et al. 2018) . 

Nickelhütte Aue GmbH in Germany processes secondary materials such as electroplating 

sludges and residues from non - ferrous metal processing. Cu rrently, around 50 tonnes of 

cobalt is recovered annually in the form of cobalt chemicals  (Al Barazi 2018) . 

Cobalt is also recovered from batteries by several recyclers and through different 

processes  (Mathieux et al. 2017) . Data on the quantities recovere d from  batteries are not 

available. Cobalt is recovered in the following operating battery recycling plants in the EU:  

 

¶ In Umicoreôs plant in Belgium (Hoboken), a patented process is applied that 

combines a pyro -metallurgical treatment and a hydro -metallur gical process to 

recycle spent rechargeable batteries. Previously separated NiMH and Li - ion 

batteries are smelted with an ultra -high temperature plasma torch. The obtained 

alloy containing cobalt and nickel is further refined by a downstream 

hydrometallurg ical process to produce CoCl2. The plant has a combined capacity of 

7,000 tonnes of treating Li - ion and NiMH batteries  (Patrícia Alves Dias et al. 

2018)(Sundqvist Ökvist et al. 2018) ;  

¶ Akkuser  in Finland (Nivala) recovers cobalt from Li - ion batteries (Roskill 2019b) . The 

company treats annually 1,000 tonnes of Li - ion batteries (Lebedeva, Di Persio, and 

Boon -Brett 2017) ;  
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¶ Accurec  in Germany (Krefeld) recycles annually 1,500 -2,000 tonnes of Li - ion 

batteries. Cobalt is recovered by a combination of pyrolys is and hydrometallurgical 

treatment of the slag  (Lebedeva, Di Persio, and Boon -Brett 2017) (Kushnir 2015) ;   

¶ In Recupylôs plant in France (Grenoble), cobalt is reported to be recovered from spent 

Li- ion batteries by hydrometallurgical treatment (Kushnir 201 5) . Capacity is 110 

tonnes of Li - ion batteries per year (Lebedeva, Di Persio, and Boon -Brett 2017) ;  

¶ SNAM in France recovers cobalt by a combination of pyro - , mechanical and 

hydrometallurgical treatment. Total capacity is 300 tonnes of various types of 

batt eries (Lebedeva, Di Persio, and Boon -Brett 2017) .  

   

According to  (Patrícia Alves Dias et al. 2018) , the current recycling infrastructure in the 

EU should enable the recycling of around 160,000  units of  used batteries  from EVs. This 

is well above  the  fore casted amount of batteries available for recycling in the EU until 

2025. Estimates show that around 500 tonnes of recycled cobalt from EV batteries 

deployed in the EU should be available in 2025 , and may amount, to .5,500 tonnes of 

recycled  cobalt in 2030, accounting for around 10% of European cobalt consumption in 

the EVs sector.  The existing large  recycling capacity in the EU  is likely to  expand in the 

future  and attract significant volumes from abroad  (Patrícia Alves Dias et al. 2018) . 

 

 

 Supply from primary materials  

7.4.2.1   Geology, resources and reserves of cobalt  

Geological occurrence: Cobalt has a relatively low abundance in the Earthôs crust. 

Estimates of the crustal abundance vary between 15 and 30 parts per million  (Roberts and 

Gunn 2014) . For example , (Al Barazi 2018)  reports the average cobalt content in the 

earthôs crust as 25 ppm and (Rudnick and Gao 201 4)  about 27 ppm.  According to  (Rudnick 

and Gao 201 4)  the abundance of cobalt in the upper crust is around 17 ppm. Cobalt is not 

found as a pure met al in nature but in conjunction with other elements (mainly Fe, Ni, Cu 

and S), which are usually predominant. Among common cobalt -bearing minerals are 

sulphides and sulpharsenides such as cobaltite (CoAsS), carrollite (Cu(Co,Ni) 2S4), erythrite 

(Co 3(AsO 4) 2·8H2O)  and skutterudite ((Co,Ni)As 3-x).  

Cobalt is a minor constituent in a number of ore types in various geological settings. The 

main ore types in which cobalt minerals can be found in economic concentrations are the 

following  (Slack, Kimball, and Shedd 2017) (Roberts and Gunn 2014) (Hannis and Bide 

2009) :  

¶ Stratiform sediment -hosted deposits of Cu -Co sulphides and oxides , typically exploited 

for copper. The most significant deposits are situated in the Central African Copperbe lt 

which extends for 500 kilometres across north -western Zambia and south -eastern parts 

of the Democratic Republic of Congo. Typical grades of the cobalt sulphide minerals are 

between 0.1 and 0.4% Co, which are the highest among the different geological se ttings 

in which cobalt is occurring;  

¶ Magmatic deposits of Ni -Cu ( -Co-PGE) sulphides , primarily worked for nickel, copper and 

platinum group metals (PGMs). Significant deposits of this type include the Norilsk deposit 

in Russia, the Sudbury deposit in Canad a, and the Kambalda deposit in Western Australia, 

all of which are primarily worked for nickel. Ore grade averages to 0.1% Co;  

¶  Lateritic Ni -Co deposits  mainly worked for nickel. Significant examples are found in New 

Caledonia and Cuba. Typical ore grades in these deposits range from 0.05% to 0.15% Co;  

¶ Hydrothermal and volcanogenic deposits . Cobalt is a by -  or co -product of mining 

polymetallic ores. Such deposits occur in Finland, Sweden, Norway, USA, Canada and 

Australia. The Bou Azzer deposit in Morocco, where cobalt is currently extracted as the 

main product, also falls within this category. A typical ore grade is 0.1% Co.  
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Significant potential resources of cobalt occur on the seafloor within polymetallic nodules 

(or óferromanganese nodulesô) and cobalt-rich polymetallic crusts (or óferromanganese 

crustsô). Both settings are enriched in many rare and critical metals with significant 

concentrations. The Fe -Mn nodules lie mainly on abyssal plains at water depths of 3,500 -

6,500 m  (Slack, Kimball, and Shedd 2 017) . The highest concentrations occur in the Pacific 

Ocean, in the Clarion -Clipperton Zone, which extends from off the west coast of Mexico to 

as far west as Hawaii where the quantity of Fe -Mn nodules is estimated at 21.1 billion 

tonnes and the mean conte nt of cobalt in the nodules at 0.2% by weight  (Ecorys 2014) . 

Co- rich ferromanganese crusts occur at relatively shallow depths of 800 to 3,000 m  (Slack, 

Kimball, and Shedd 2017) . A rough estimate of the quantity of crusts in the central Pacific 

region is ab out 7.5 billion tonnes. In Co - rich crusts, cobalt commonly shows values greater 

than 0.5% by weight  (Ecorys 2014) . Legal, economic, and technological barriers have 

prevented so far exploitation, but advances in technology may allow the production of 

these resources to be economically viable  (Slack, Kimball, and Shedd 2017) (Roberts and 

Gunn 2014) . Additional investigation and exploration would be necessary to estimate these 

marine resources, given that the interest in seabed exploration fluctuates depending  on 

market conditions (i.e. metal price hikes)  (European Commission 2019b) . According to  

(Harald Ulrik Sverdrup, Ragnarsdottir, and Koca 2017) , ocean mining contribution to global 

cobalt supply is not foreseen before 2050.  

In Europe, most of the known cob alt -bearing deposits and occurrences are clustered in 

the Nordic countries (Finland, Sweden and Norway). Deposits are more scattered 

throughout South and Central Europe  (Gautneb et al. 2019) . The GeoERA project 

MINDeSEA has identified that most of the coba lt occurrences and deposits in 

ferromanganese crusts and polymetallic nodules in the seabed are concentrated in Spanish 

and Portuguese waters  (European Commission 2019b) .  

Global resources and reserves 61 :  The United States Geological Survey estimates cobalt 

global resources to be approximately 25 million tonnes . The largest are located in the 

sediment -hosted copper -cobalt deposits in the Democratic Republic of the Congo and 

Zambia. Significant cobalt resour ces also exist in nickel -bearing laterite deposits in 

Australia , nearby island countries and Cuba . Magmatic nickel -copper sulphide deposits are 

located in Australia, Canada, Russia and the US.  Cobalt resources occurring in manganese 

nodules and cobalt - rich  crusts on the seafloor are estimated to be more than 120  million 

tonnes  (USGS 2019) . 

World reserves of cobalt are estimated at around 6.9 million tonnes of contained cobalt  

(USGS 2019) . The Democratic Republic of the Congo has the largest global  cobalt re serves 

(49% ), followed by  Australia (17%) and Cuba (7%) . Global reserves of cobalt are shown 

in Table 39 . 

                                           
61 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of cobalt in different geographic areas of the EU or globally. The USGS collects information about the 
quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template, which is also consistent with the 
United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 
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Table 39 : Global reserves of cobalt in 2018. Data from  (USGS 2019)  

Country  

Estimated cobalt 

reserves (kt of Co 

content)  

Percentage of 

the total (%)  

Democratic Republic of the Congo  3,400  49% 

Australia 62  1,200  17% 

Cuba  500  7% 

Philippines  280  4% 

Russian Federation  250  4% 

Canada  250  4% 

Madagascar  140  2% 

China  80  1% 

Papua New Guinea  56  <1% 

United States of America  38  <1% 

South Africa  24  <1% 

Morocco  17  <1% 

Other countries (unspecified)  640  9% 

World total (rounded)  6,900   

 

S&P (S&P Global Market Intelligence 2019a)  estimates that nearly three -quarters (72%) 

of the cobalt resources and 59% of the cobalt reserves are held by primary copper 

producers. Nickel is the primary product in operating mines controlling 25% of resources 

and 38% of reserves of cobalt  currently e xploited. Only 3% of resources and 3% of 

reserves are owned by companies for which cobalt is their primary product.  

 

EU resources and reserves : The largest cobalt resource in Europe is located at the 

Sotkamo (Talvivaara) polymetallic Ni -Cu-Zn -Co sulphide deposit in Finland. Other 

significant deposits in Finland, by tonnes of contained cobalt , include the Kevitsa Ni -Cu-

PGE, the Kylylahti Cu -Zn, the  Sakatti Ni -Cu-PGE, the Hautalampi Ni -Cu-Co and the 

Juomasuo Au -Co deposits. In Greece, reserves reported for the lateritic nickel deposits 

include almost 50,000 tonnes of cobalt and mineral resources comprise additional 79,000 

tonnes of cobalt . Ore reserv es listed for Poland contain 75,000 tonnes  of cobalt  and 

additional 7,300 tonnes of resources but are poorly documented,  whereas, in Sweden, 

total resources amount to about 20,000 tonnes of cobalt . Resources of cobalt are also 

known to exist in Spain  (Laur i et al. 2018) (FODD 2017) (S&P Global Market Intelligence 

2019a) . Table 40  and Table 41  present cobalt resources and reserves data respectively, 

sourced from the Fennoscandian Mineral Deposits database and corporate reports.  

 

Table 40 : Cobalt resources data in the EU  

Country  
 

Classification  
 

Quantity  
(Mt of ore)  

Grade 
(% Co)  

Reporting 
code  

Reporting 
date  

Source  

Finland  

Total resource  78.7  0.003  JORC 12/2017  

(FODD 
2017) 63  

 

Total resource  46.8  0.006  NI43 -101  12/2017  

Historic 
resource 
estimate  

35.6  0.010  None  12/2017  

Total resource  1,525  0.017  JORC 06/2018  
(FODD 
2017)  

                                           
62 Joint Ore Reserves Committee (JORC)-compliant reserves were about 390,000 tonnes 
63 The compilation refers to medium and large deposits only 
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(Terrafame 
2018b)  64  

Measured  26.1  0.022  

PERC 

12/2018  (Boliden 

2019b)  
(Boliden 
2019c) 65  

Indicated  118.6  0.013  12/2018  

Inferred  19.9  0.011  12/2018  

Sweden  

Total resource  366.4  0.003  NI43 -101  12/2017  
(FODD 
2017)  

Historic 
resource 
estimate  

52  0.015  None  12/2017  
(FODD 
2017)  

 

Table 41 : Cobalt reserves data in the EU  

Country  Classification  
Quantity 

(Mt of 
ore)  

Grade 
(%Co)  

Co 
content 

(t)  

Reporting 
code  

Reporting 
date  

Source  

Finland  

Proven  63.3  0.012  7,850  

PERC 12/2018  

(Boliden 
2019b)  

(Boliden 

2019c) 66  
Probable  66.6  0.011  7,250  

 

7.4.2.2   Exploration and new mine development projects in the EU  

Exploration projects targeting cobalt among other metals in polymetallic deposits were 

(2019) ongoing across the EU, mainly in Finland and Sweden, but also in Slovakia, 

Germany, Spain, Cyprus, Austr ia, Poland, and Czechia (S&P Global Market Intelligence 

2019a) . The more advanced projects are situated in Sweden, in which, cobalt is a 

companion metal of the main commodities, e.g. the Haggan vanadium project, and the 

Ronnbacken nickel project at prefeasi bility/scoping stage.  

 

7.4.2.3   Cobalt mining  

Cobalt is mostly extracted as a by -product of copper and nickel mining. Data 67 from 2017 

shows that  56% of world cobalt primary supply comes from copper mines and 37% from 

nickel mines  (S&P Global Market Intelligence 2019b) . Only 7% of the global cobalt supply 

is sourced from mining operations where cobalt is the main product . This takes places for 

example  at  the Bou Azzer mine in Morocco and the Lubumbashi project processing slags 

in D RC. The ratio between copper and nickel mining as the source of cobalt is variable as 

it depends on the demand and associated production of copper and nickel  (Al Barazi 2018) .  

 

Cobalt extraction from the ores as a by -product  depends on the grade, economic  feasibility  

and the process routes followed by individual operations  (Roskill 2014) . Mining of cobalt 

deposits is done by conventional underground and open -pit methods. Open -pit mining is 

the predominant method for weathered copper -cobalt deposits in DRC and Zambia  

(Roberts and Gunn 2014) . 

 

Specific techniques for beneficiation depend on two factors. One is the type and individual 

composition of the treated ore. The second one  is the subsequent processes required to 

extract copper or nickel. Ore processing involves crushing, grinding and separating the 

metal -bearing material from gangue using either physical or chemical techniques as 

                                           
64 Talvivaara active mine. The average grade is sourced from (FODD, 2017) 
65 Kevitsa and Kylylahti active mines 
66 Kevitsa and Kylylahti active mines. Mineral reserves for the Talvivaara mine are not available 
67 Artisanal and small-scale mining of the mineral heterogenite in DRC is not included. 
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appropriate. Nickel laterite ores are usually r efined directly, i.e. only after upgraded by 

crushing and grinding. Most other cobalt -bearing ores are first  concentrated , either by 

flotation or gravimetric methods  (Roberts and Gunn 2014) . Products from copper mines 

are cobalt concentrates and Co -Cu-conc entrates, and from nickel mines cobalt sulphide or 

Co-Ni-concentrates  (Al Barazi 2018) . 

Finally, artisanal and small - scale mining (ASM) from the DRC contributes a considerable 

amount to the primary supply of cobalt. The relative proportion of ASM in  the  DRC 

fluctuates greatly depending on the development of large -scale mining  (Al Barazi 2018) . 

A share of between 15% and 20% of the DRCôs total cobalt production is estimated to 

originate from ASM mine sites in  the period  2015 ï 2018  (BGR, 2019)(Al Barazi et a l. 

2018) . CRU reports that the ASM supply from the DRC increased strongly in 2017 and 

2018 driven by the high cobalt prices, and contributed significantly to bridge the global 

supply gap in 2017  (CRU 2018) . In 2018, the ASM production is reported  to 18,000  tonnes  

(BGR, 2019) . However, ASM production is expected to decrease  in 2019  compared to 

production in 2016  to 2018 due to  the  lower global cobalt prices , but it is estimated to 

continue to amount to 15% -20% of total procuction in DRC  due to the  expected d ecline in 

industrial cobalt production  (BGR, 2019) .  

 

7.4.2.4   Production of cobalt intermediates  

Cobalt -containing ores and concentrates are usually processed into intermediate products 

before refined production is possible. The process is often undertaken inter nally by 

integrated operations  (Roskill 2014) . A variety of pyrometallurgical and hydrometallurgical 

techniques are applied for intermediates production  (Roberts and Gunn 2014) . Cobalt 

intermediates produced from copper ores include crude mixed hydroxide precipitates, 

alliage blanc, cobalt crude carbonates and sulphates. From nickel ores, cobalt 

intermediates include Ni -Co or Ni -Cu-Co ( -PGMs-Au-Ag) sulphide mattes, Ni -Co mixed 

sulphide or hydroxide precipitates, Co oxide sinters  (Roskill 2014) (Al Barazi 2 018) . Each 

product has different cobalt content. Intermediate products are sent to captive refining 

operations or abroad or sold to refining companies  (Roskill 2014) . 

 

7.4.2.5   World and EU cobalt mine production  

In the analysed period 2012 -2016, coba lt was mined  in 21 countries. World production of 

cobalt was about 134 kt per annum (five -year average over 2012 -2016). As shown in 

Figure 101 , the Democratic Republ ic of Congo dominated global mine production producing 

nearly 79 kt with a share of 59% of the worldwide total. China (7%), Canada (5%), 

Australia (4%) and Zambia (4%) are other significant producers and together with the 

DRC account for 79% of worldôs mine production.  

 

Within the EU, cobalt is mined in Finland (1% of the global total). The average EU 

production of cobalt ores and concentrates is about 2 kt per year in the period 2012 -2016. 

Cobalt is also produced in New Caledonia (French overseas territor y) representing 3% of 

the global output  (WMD 2019) . 
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Figure 101 : Global and EU mine production of cobalt. Average for the years 

2012 - 2016. Data from (WMD, 2019)   

 

 Refining of cobalt  

Cobalt refining  includes a wide variety of hydrometallurgical and electrometallurgical 

techniques to recover cobalt from ores, concentrates, mattes or other intermediate 

products, which are often unique to the mineralogy of the ore material and very specific 

to the production site  (Roberts and Gunn  2014) . Cobalt refining generally starts after the 

primary metal (copper or nickel) has been recovered from the concentrated ore or other 

intermediate crude cobalt product. Refining processes that enable cobalt production can 

be summarised into three main clusters according to the type of the cobalt -bearing ore  

(Roskill 2014) (Roberts and Gunn 2014)(Al Barazi 2018) :  

Å Copper -cobalt sulphides and oxides . The typical process for cobalt recovery involves 

roasting of the flotation concentrates to sulphate calc ine, sulphuric acid atmospheric leach 

of the soluble sulphate calcine, copper recovery by solvent extraction and electrowinning, 

followed by impurity removal and cobalt hydroxide precipitation. Cobalt hydroxide can be 

marketed to produce chemicals or re -di ssolved to recover cobalt metal by electrowinning. 

Due to the low cobalt recovery in the flotation concentration process for mixed sulphide -

oxide ores, an alternative processing route is the direct whole ore leach, followed by 

solvent extraction to separat e copper and cobalt and cobalt hydroxide precipitation;  

 Å Nickel sulphides . The flotation concentrate is dried or roasted before smelting in an 

electric furnace (or flash smelting) to produce a nickel -cobalt sulphide matte suitable for 

refining. There are many refining techniques for cobalt recovery. In hydrometallurgical 

refini ng route, the process typically consists of a leaching stage using acids, chlorine, or 

ammonia, which is followed by a purification stage by solvent extraction or selective 

precipitation to separate cobalt and nickel. The final step for cobalt recovery can  be 

hydrogen reduction (i.e. Sherritt process) where cobalt is recovered from the solution as 

a powder or electrowinning, which produces cobalt cathodes.  

Å Nickel laterites . Nickel laterites are processed mainly by high -pressure acid leach (HPAL), 

a techn ique combined with a variety of nickel and cobalt refining processes. A typical 

product is a mixed Ni (55%) -Co(5%) sulphide precipitate.  

 

Some refineries also process scrap and cobalt intermediates, such as alloys, impure cobalt 

compounds, mixed metal sulp hides, residues, and slags  (Roskill 2014) . 

 



161  

 

Refined cobalt products include cobalt metal in the form of cathodes, briquettes, ingots, 

granules and powder, and cobalt chemicals such as cobalt oxide, carbonate, chloride, 

sulphate, hydroxide, oxalate and acet ate  (Roskill 2014)(Al Barazi 2018) .  

 

7.4.3.1   World and EU refined cobalt production  

Refined cobalt (including both metal and chemicals) is produced in 17 countries worldwide. 

The relative share of the global total held by the top producing countries, based on a five 

year average over 2012 -2016, is shown in Figure 102 . China dominates refined cobalt 

production, accounting for almost half of the world total (49%). Other significant cobalt 

refiners are Finland (12%), Canada (6%), Australia ( 5%), Zambia (5%), Japan (4%) and 

Norway (4%). The world production of refined cobalt totalled about 92.8 thousand tonnes 

on average over the period 2012 -2016 .  

In the EU, refined cobalt is produced in Finland (71% of the EU production), Belgium and 

France.  

  
Figure 102 : Global and EU production of refined cobalt. Average for the years 

2012 - 2016. Data from  (USGS 2018)(Draft Co MSA 2019)  

 

 Supply from secondary materials/recycling  

Price volatility, geopolitics of supply, cost and en vironmental benefits are among the 

drivers for cobalt recycling. While specific cobalt uses are dissipative such as pigments in 

ceramics, paints, and tyre adhesives, cobalt used in applications such as superalloys, hard 

metals, batteries, and catalysts can  be collected and recycled.  (Roberts and Gunn 2014)  

Cobalt -bearing end -of - life scrap can be found in used jet engines, used cemented carbide 

cutting tools, spent rechargeable batteries, magnets that have been removed from 

industrial or consumer equipment  and  spent catalysts  (Mathieux et al. 2017) . Recycling of 

alloy and hard metal scrap is generally operated by and within the superalloy and carbide 

manufacturers, while the recycling of batteries and catalysts is mainly done via the cobalt 

industry sector or dedicated plants for batteries recycling  (Roberts and Gunn 2014) 

(Sundqvist Ökvist et al. 2018) . 

 

According to  UNEP (UNEP 2011) , the global average end -of - life functional recycling rate 

(EOL-RR) for cobalt was estimated to be above 50%, the fraction of secondary (scrap) 

metal in the total input to metal production to range between 25% and 50%, and the 

share of old scrap in the total scrap flow (old scrap ratio) to be between 25% and 50%.  
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Recycling of end -of - life products is an important source of cobalt supply for the EU. It is 

estimated that 22% of the EU annual consumption of cobalt was sourced from end -of - life 

scrap in 2016  (Draft Co MSA 2019) .  

 

7.4.4.1   Post - consumer recycling (old scrap)  

Cobalt content in end -of - life rechargeable batteries makes up a substantial secondary 

resource. Currently, the material attracting the most interest in Li - ion battery recyclers is 

cobalt  (Mathieux et al. 2017) . Recycling of cobalt in batteries is favoured as batteries are 

well collected at end -of - life because of EU was te legislation. The primary issues connected 

with cobalt recovery from spent batteries are sorting and identification of battery 

composition  (Sundqvist Ökvist et al. 2018) . In 2016 the EU the EOL recycling rate of cobalt 

was estimated to be 32%, considerin g 100% of recycling of electrical vehicles batteries 

(Draft Cobalt MSA 2019).    

Significant opportunities to recycle cobalt from EV batteries may be anticipated over the 

coming years. Large -scale recycling can be  expectedbeyond 2025. This projection is bas ed 

on an average estimated lifetime of EV s of eight  years  (Patrícia Alves Dias et al. 2018) .  

The process choice for cobalt recovery from spent batteries depends on the type of cobalt -

bearing battery. Usually, large Ni -Co smelters are also able to recover cobalt from spent 

batteries.   

In cases where the old scrap of cobalt -bearing alloys is separately collected (e.g. 

superalloys) it can be remelted directly in the form of the original alloy for the same 

application (e.g. turbine blades, parts of jet engines , magnets) under the constraint that 

the composition of the alloy is certified or can be assured  (European Commission 2017) . 

The recycling rate for gas turbine engines, aircraft and rockets is reported 90% and for 

magnets 10%  (Harper, Kavlak, and Graedel 2 012) . Co-bearing scrap can also be recycled 

industrially in sulphide smelter by mixing alloy scrap with primary cobalt sulphide 

concentrates. Alloy scrap (usually Ni -Co) is also treated using hydrometallurgical methods, 

allowing the separation and recovery  of other valuable elements (W, Ta, Re) in addition to 

nickel and cobalt  (Sundqvist Ökvist et al. 2018) . 

 

For spent catalysts, the recycling technology involves pyrometallurgical and 

hydrometallurgical techniques. According to Harper and colleagues  (Harper , Kavlak, and 

Graedel 2012)  only catalysts from plastics manufacture are available for recycling, but not 

catalysts used in petroleum refining (which are re -generated for reuse). Cobalt in 

cemented carbide products can be recovered for retooling and reuse  (Cobalt Institute 

2019d) ; and after the use phase, these can be  recycled, for example by dissolution in 

molten zinc and zinc distillation  (Sundqvist Ökvist et al. 2018) . The rest of cobalt uses are 

dissipative, e.g. pigments, tyre adhesives, foodstuffs, ph armaceutical, meaning that the 

cobalt is not available for recycling.  

 

According to the updated MSA study of cobalt, the end -of - life recycling input rate is 22%. 

The relevant flows are presented in Table 42 . 

Table 42 : Material flows relevant to the EOL - RIR of cobalt 68  in 2016. Data from  

(Draft Co MSA 2019) 69  

MSA Flow Quantity (t) 

                                           
68 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2)  
69 The work carried out in 2019 increased the resolution of the MSA system. Therefore, there are changes in 
flows in comparison with the previous MSA methodology. B1.1 and B1.2 in the table is the result of the EU 
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B.1.1 Production of primary material as main product in EU sent to processing 
in EU 0 

B.1.2 Production of primary material as by-product in EU sent to processing in 
EU 2,224 

C.1.3 Imports to EU of primary material 10,220 

C.1.4 Imports to EU of secondary material 308 

D.1.3 Imports to EU of processed material 8,512 

E.1.6 Products at end-of-life in EU collected for treatment 20,910 

F.1.1 Exports from EU of manufactured products at end-of-life 215 

F.1.2 Imports to EU of manufactured products at end-of-life 311 

G.1.1 Production of secondary material from post-consumer functional 
recycling in EU sent to processing in EU  1,983 

G.1.2 Production of secondary material from post-consumer functional 
recycling in EU sent to manufacture in EU  4,059 

 
 

7.4.4.2   Industrial recycling (new scrap)  

Scrap metal is also generated during manufacturing  of alloys and other cobalt -bearing 

materials and products (sometimes referred to as ónew scrapô or óprocessing scrapô). New 

scrap can be in the form of material that did n ot meet required specifications, excess metal 

removed during pressing or forging, rejects from casting operations, grinding sludge or 

turnings waste from machining operations, swarf etc. Because of the cost of purchasing of 

raw materials, it is clearly in the manufacturerôs interest to minimise the generation of 

ónew scrapô and to recycle these materials within the manufacturing process (Shedd 2004) .  

 

7.4.4.3   Cobalt recovery from industrial by - products and mine tailings  

Cobalt can be recovered from sludge generate d in nickel refinery and zinc smelting waste 

with the application of hydrometallurgical techniques  (Sundqvist Ökvist et al. 2018) . Slags 

from copper smelting operations in Zambia and the DRC are another secondary source of 

cobalt  (Roberts and Gunn 2014) . T he H2020 project METGROW+ (2016 -2020) is currently 

studying the extraction of cobalt from fayalitic and Fe -Ni slag  (Mäkinen et al. 2018) . 

Due to the increased demand for cobalt and recent advances in processing technology, it 

is also possible to extract co balt from the historic flotation tailings of copper sulphide ores 

with commercial grades of cobalt, like the ones found in the Democratic Republic of Congo. 

In these, cobalt was present in the original ores but was not previously recovered due to 

the low e fficiency of the flotation process  (Hannis and Bide 2009)(Sundqvist Ökvist et al. 

2018) (Roskill 2014) . The French Geological Survey (BRMG) has developed a bioleaching 

technology applied in the re -processing of sulphidic mine wastes at the Kasese Tailings 

site in Uganda, where cobalt was produced from old copper mining waste tailings  

(DôHugues et al. 2019). In the DRC, a major project is under construction, which comprises 

the reprocessing of old cobalt and copper tailings from previous mining operations ar ound 

Kolwezi, with an annual capacity of 24,000 tonnes of Co  (Mining Weekly 2018) .  

                                           
extraction after exports (MSA flows B1.1 + B1.2 ς B1.3); C1.4 incorporates all secondary raw material imported 
to the EU both for the processing and manufacturing stages (MSA flows C1.4 and D1.9). D1.3 Incorporates 
imports to the EU of both semi-processed and processed material stages (MSA flows D1.3 and C1.8). 
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7.5  Other considerations  

 Environmental and health and safety issues  

A wide range of cobalt -containing substances is covered by Regulation (EC) 1907/2006  

concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals 

(REACH). Appropriate measures for handling and use are required. Cobalt metal, the five 

cobalt salts (see below), and other cobalt compounds have been registered for REACH, 

and this data is available on the ECHA website. For example, cobalt metal is currently 

classified as carcinogenic (by inhalation) and is a skin and respiratory sensitiser  (ECHA 

2019b) . A formal (legal) classification of cobalt metal as CMR (Carc. 1B by all exposure 

rout es), skin sensitizer Cat. 1 and respiratory sensitizer Cat. 1 as well as aquatic chronic 

Cat. 4 has been adopted by the Commission and is currently undergoing scrutiny by EP 

and Council. In case EP and Council do not object, the classification will enter i nto force in 

Spring 2020. Entry into application takes place 18 months after entry into force.  

 

Among the cobalt substances, the salts cobalt diacetate, cobalt dinitrate, cobalt carbonate 

and cobalt sulphate are on the Candidate List for Authorisation of Substances of Very High 

Concern (SVHC) since 2010, and cobalt dichloride since 2008. Each of the five cobalt salts 

is classified as carcinogenic (Article 57a of the REACH Regulation) and toxic for 

reproduction (Article 57c of the REACH Regulation)  (ECHA 20 19a) . In December 2018, in 

order to reduce the risk of developing cancer following occupational exposure, the 

European Chemicals Agency (ECHA) launched a public consultation and proposed a REACH 

restriction on the manufacture and use of these five cobalt s alts as substances on their 

own or in mixtures in a concentration equal to or above 0.01% by weight in industrial and 

professional applications. According to the proposed restriction, the cobalt salts would not 

be able to be manufactured, placed on the mar ket or used unless a reference exposure 

limit value is demonstrated  (ECHA 2018) . The proposed restriction is still undergoing 

review and consultation, and the exposure limit value is being assessed. The use of the 

five cobalt salts as an additive in feedst uffs within the scope of Regulation (EC) 1831/2003 

on additives for use in animal nutrition is already authorised and, therefore, exempted 

from the restriction proposal  (ECHA 2018) .  

Concerning the potential impact of REACH on defence applications , the coba lt salts 

included in the REACH Candidate List are critical in applications for nickel -based corrosion 

protection, e.g. in humidity indicator or for superalloys in aerospace used for jet engines 

and landing gears  (EDA 2018) .  

 

 Contribution to low - carbon tec hnologies  

Cobalt is a material of significance in the implementation of the European Commissionôs 

long - term strategy for a modern, competitive, prosperous and climate -neutral economy 

by 2050 70 . Cobalt is a raw material used in r echargeable batteries for ele ctric vehicles and 

energy storage . These two applications  are a crucial low -carbon technology for energy 

storage  and transport. Cobalt in cathode chemistries in Li - ion batteries for vehicles (i.e. 

lithium -nickel -manganese -cobalt -oxide batteries) provides h igher energy density and thus 

longer distances per charge  (Blagoeva et al. 2016) . Besides, energy storage emerges as 

a key enabling technology for addressing the flexibility requirements for integrating 

variable renewable energy  (such as solar power, wind power and biogas)  into the grid and 

for providing green electricity for electrified transport, industry and buildings sectors  

(European Commission 2018) . Cobalt -based alloys are among the available alternatives 

                                           
70 https://ec.europa.eu/clima/policies/strategies/2050_en  

https://ec.europa.eu/clima/policies/strategies/2050_en
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for manufacturing  magnets for wind turbines  (Cobalt Institute 2019a) ; however, especially 

for large turbines (> 5 MW), the market is dominated by NdFeB magnets  (Pavel et al. 

2016) .   

 

 Socio - economic issues  

The leading world supplier of cobalt, the Democratic Republic of the Congo (DRC), is 

considered  one of the countries with highest risk for business, with very poor governance 

according to on the Worldwide Governance Indicators (WGI) developed by the World Bank. 

The ranking calculated for DRC is the seventh -highest (i.e. seventh -worst) of the 216 

cou ntries included; and the top six (most) riskiest countries for business are identified as 

the Democratic Republic of Korea, Libya, Somalia, South Soudan, Soudan and Syria Arab 

Republic  (World Bank 2018) .  

A varying part of the cobalt produced in DRC stems from artisanal and small - scale mining 

(ASM)  (see Section 1.4.2.2). Amnesty International reports that approximately 110K to 

150k artisanal miners are likely to be involved in ASM in the southern part of the country, 

who work alongside industrial operations  (Amnesty International 2017) . A recent study by  

(BGR 2019)  estimates that the number of active miners in 2017/2018 were approximately 

150k to 200k, as a result of internal migration towards the Lualaba and Haut Katanga 

provinces driven by the cobalt price  increase and looking for better livelihood.  

In this context, artisanal miners are exposed to landslide hazard, heavy metals through 

dust inhalation, food and water contamination, and radiation. Poor sanitary conditions and 

insufficient safety measures in artisanal minersô camps are often observed. Hard working 

conditions and widespread child labour are also reported  (Al Barazi et al. 2018) 

(Tsurukawa, Prakash, and Manhart 2011) . Despite these negative aspects, artisanal cobalt 

mining plays a crucial role i n the local livelihoods and socio -economic landscape of the 

Katanga and Lubumbashi province  (Tsurukawa, Prakash, and Manhart 2011) . It is also 

noted that according to the provisions of the DRC Mining Code, ASM is a legal activity on 

formally designated art isanal mining areas  (Al Barazi 2018) .  

ASM of cobalt takes place Cobalt is mined in the southern province of Katanga. This region 

affected by human rights abuses such as child labour and unacceptable working conditions. 

However, it should be noted that chi ld labour is predominantly linked with illegal or poorly 

regulated artisanal mining. Cobalt is not covered by  EU Regulation 2017/821 on ñlaying 

down supply chain due diligence obligations for Union importers of tin, tantalum and 

tungsten, their ores, and gold originating from conflict -affected and high -risk areasò. 

However, given the high social risk associated w ith the cobalt supply chains, several 

initiatives on responsible sourcing of cobalt have been developed in the last years. For 

example, t he Cobalt Institute has launched in 2019 a new framework, the Cobalt Industry 

Responsible Assessment Framework (CIRAF),  to assess the risks and demonstrate 

responsible sourcing. CIRAF  builds on  the leading global standard on responsible mineral 

supply chains such as the OECD óDue Diligence Guidance for Responsible Supply Chains of 

Minerals from Conflict -Affected and High -Risk Areas (OECD DDG)ô (Cobalt Institute 2019f) .  

 

7.6  Comparison with previous EU assessments  

The assessment has been conducted using the same methodology as for the 2017 list. 

Supply risk has been analysed at the extraction (mining), and processing (refining)  stages 

of the value chain. In the 2017 assessment two separate criticality assessments were also 

carried out, the first at the ores and concentrates stage, and the second at the processing 

stage (refined material stage). The results of this review and ear lier assessments are 
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shown in Table 43 . The results for the 2017 assessment correspond to the extraction 

stage, as it was evaluated to be the bottleneck in the EU supply chain.   

Table 43 : Economic importance and supply risk results for cobalt in the 

assessments of 2011, 2014, 2017, 2020  (European Commission 

2011)(European Commission 2014)(European Commission 2017)   

Assessment  2011  

 

2014  

 

2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Cobalt  7.1  1.1  6.7  1.6  5.7  1.6  5.8  2.5  

 

The results of the 2011 and 2014 assessments are not comparable due to the introduction 

of a revised methodology in the 2017 exercise. In particular, the reduction in the economic 

importance between 2014 and 2017 is induced by the change in methodology for 

calculating this indicator as the value -added considered in the 2017 criticality assessment 

corresponds to a 2 -digit NACE sector rather than a ómegasectorô (which was used in the 

2011 and 2014 assessments).  

In the current assessment, the Supply Risk (SR) was calculated using both the HHI for 

global supply and EU supply as prescribed in the revised methodology. The assessment 

results demonstrate that the ex traction stage, together with the imports of cobalt 

intermediates, has a higher supply risk (SR=2.54) compared to the processing stage 

(SR=0.49). The overall supply risk for cobalt is considered for the stage with the highest 

score, i.e. SR=2.54 (rounded t o SR=2.5).  

The values of the Supply Risk indicator are not directly comparable to the 2017 

assessment. A different approach has been applied in the current assessment to reflect 

more accurately the market in the stages of extraction and processing. In par ticular, the 

trade of intermediate cobalt products requiring further refining was allocated to the 

extraction stage, whereas in the 2017 assessment they were considered as part of the 

processing (refining) stage. This approach is more realistic for evaluat ing the supply risk 

in the extraction and the processing stage separately. Cobalt intermediates are the 

saleable products of the cobalt mining companies and are utilised as a feedstock by cobalt 

refineries. Furthermore, the trade volume in Co ores and conc entrates is following a strong 

downward trend in recent years because of a general preference of consumers in refineries 

worldwide for semi -processed materials rather than concentrates. In the previous 

assessments, only the trade of ores and concentrates w as accounted for in the extraction 

stage, and the trade of intermediate cobalt compounds was entirely allocated to the 

processing/refining stage as part of bulk refinery imports.  

The calculation of Economic Importance indicator is based on the use of the N ACE 2-digit 

codes, and the value added at factor cost for the identified sectors (see Table 38 ). For 

information relating to the application share of eac h category, see Section 7.3.2  on 

applications and end -uses. Since the majority of the applications shown as ñothersò refer 

to chemical applications, t he NACE 2 -digit sector ñC20ò was allocated. In the 2020 

assessment, the value -added data used in the calculation of economic importance relate 

to 5 -year average 2012 -2016 values.  

7.7  Data sources  

Production data for the extraction stage were sourced from the óWorld Mining Dataô 

datasets, developed by the Austrian Ministry for Sustainability and Tourism and the 

International Organising Committee for the World Mining Congress. The source for refined 

cobalt production was the US Geological Survey, with the exception of production from 
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Belgium, for which the datasets developed by the ongoing MSA study were utilised, as it 

was possible to disaggregate Umicoreôs production in Belgium and in China (publicly 

available sources do not provide this disaggregation); therefore, production of refined 

cobalt from China reported by the USGS has been also adjusted accordingly.     

Trade data were extracted from the Eurostat (Comext) database under the Combined 

Nomenc lature (CN) codes 26050000 ócobalt ores and concentratesô, 28220000 ócobalt 

oxides and hydroxidesô, 28273930 for ócobalt chloridesô and 81052000 ócobalt mattes and 

other intermediate products of cobalt metallurgy; unwrought cobalt; cobalt powdersô, 

adjuste d for different cobalt contents (as described in the overview).  

The analysis for ómattes and other intermediate products of cobalt metallurgy; unwrought 

cobalt; cobalt powdersô (CN code: 81052000) is challenging as this trading code is highly 

aggregated w ith products of varying cobalt content. In particular, ómattes and other 

intermediate productsô are assumed to contain 17% cobalt, while the óunwrought cobaltô 

or ópowdersô are likely to be 100% cobalt, and there are no data available to allow the user 

to distinguish the quantity of each within this trade code. As in the 2017 criticality 

assessment, given that the average cobalt prices in the period 2010 -2014 have been 

similar to the prevailing average rates in the period 2012 -2016, the trade data recorded 

against this code were adjusted by taking account the value recorded in the trade 

statistics. If the value divided by the quantity resulted in an average price of less than ú10 

per kilogram, the trade quantity was assumed predominantly óintermediateô, and a cobalt 

content of 17% was used. If the calculated average price was between ú10 and ú20 per 

kilogram, it was assumed a cobalt content of 60%. If the calculated average price was 

higher than ú20 per kilogram, it was assumed the traded quantity had a cobalt content of 

100%. Other organisations conducting a similar exercise may use different cut -off values 

and/or different cobalt contents for intermediate products, and therefore, the results will 

be different.  

Another challenge with data availability that ha d to be overcome in the current assessment 

is the fact that since 2014 imports of CN 81052000 to Finland are not reported by Eurostat 

(apparently, they have become confidential). Nevertheless, statistics of the Finnish 

Customs  (ULJAS 2019)  do report data on imports of the above trade code, even though in 

an aggregated form and only in value (quantity is not reported). Therefore, the imports 

value (in EUR) was employed to calculate an average figure of EUR/kg for CN 81052000 

for imports and this allowed to estimate imports to Finland for 2015 and 2016. It was also 

assumed that all Finish imports for 2015 and 2016 had the DRC as an origin and 

intermediate products with a value of less than EUR 10 per kg consisted of intermediate 

cobalt hydroxi de, with a typical cobalt  content of 17%  (Roskill 2014) . 

The EOL -RIR is calculated from the preliminary datasets developed in the context of the 

ongoing cobalt MSA study  (Draft Co MSA 2019) , whereas the market shares of the cobalt 

applications by the EU ma nufacturing industry was provided by a recent study carried out 

by the Cobalt Institute. Other data sources have been mentioned elsewhere in this 

factsheet.  
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8 COKING COAL  

8.1  Overview  

 

Figure 103 : Simplified value chain for coking coal 71  

Coking coal (or metallurgical coal) is a bituminous coal  with a suitable quality that allows 

the production of metallurgical coke, or simply named coke.  Coking coal has a higher 

carbon c ontent than steam coal, as well as a lower level of sulphur, phosphorous and 

alkalis (World Coal Institute 2009) . Coke is the main product of the  high - temperature 

carbonisation of coking coal. Coke is an essential input material in steelmaking as it is 

used to produce pig iron in blast furnaces  acting as the reducing agent of iron ore and as 

the support of the furnace charge. By -products of coke production  such as tar, benzole, 

ammonia  sulphate and sulphur are used for the manufacture of chemicals, as well a coke 

oven gas used for heat and power generation.  

In this assessment, coking coal is analysed in terms of mine production and coke 

production. The relevant trade code for the extraction stage used is CN code 27011210 

ñCoking Coal, whether or not pulverised, but not agglomeratedò.  

 

 

Figure 104 : End uses of  coking coal  (average 2013 - 2017)  (SCRREEN workshop 

2019)  and EU consumption of coking coal and coke (average 2012 - 2016) 

(ESTAT Comext 2019)  

                                           
71 JRC elaboration on multiple sources (see next sections) 
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For the processing stage the trade codes CN 27040010 óCoke and semi-coke of coal, 

whether or not agglomeratedô, CN 27040011 óCoke and semi-coke of coal, whether or not 

agglomerated, for the manufacture of electrodesô, and CN 27040019 óCoke and semi-coke 

of coal, whether or not agglomerated (excl. For the manufacture of electrodes)ô were used. 

Quantities are expressed in tonnes of coking coal and coke and refer to average values for 

the period 2012 -2016 unless otherwise specified.  

The world production of coking coal in 2017 was 1,039,005 kt, with an estimated value of 

EUR 151 billion. Global import demand is expected to rise by an average annual growth 

rate of 2.3% (7.5 Mt) from 2017 to 2030.  China and Australia are the top coking coal 

producer and exporter, respectively.  The coking coal marke t is directly associated with 

iron ore and steel demand. There is a sizeable market in terms of volume, with world 

exports of coking coal at 327,000 kt in 2017, representing 24% of global hard coal trade.  

Coking coal price boomed in 2016 . The  considerable  price volatility  in the period 2016 -

2019  reveals that the coking coal market has become extremely susceptible to supply 

chain disruptions. In the first semester of 2019, the price of Australian premium hard 

coking coal was relatively stable at around USD 200 / tonne .  

  
Figure 105 : EU sourcing of coking coal and coke.  

In the period 2012 -2016, the EU consumption of coking coal was around 53,548 kt. 

Domestic production took place in Poland, Czechia and Germany. The produc tion in 

Germany ended in 2018. Imports came mostly from Australia (39% of EU imports) and 

the United States (33% of EU imports). Import reliance for coking coal was 62%. The 

annual EU production of coke was around 36,506 kt, and Poland and Germany were the  

leading producers. The EU was a net exporter of coke.  

Iron and steel industry is the primary consumer of coking coal. More than 70%  ofworld 

steel production is made in blast furnaces fired with coking coal previously processed in 

coking plants to form co ke .  In the EU, 90% of the coking coal demand is converted to coke 

to be used in blast furnaces of the integrated steel processing route. Several chemical 

products can be produced from the by -products of coke ovens. There is no other 

satisfactory material a vailable which can replace completely metallurgical coke in the blast 

furnace charge. Pulverised coal (PCI) is an alternative material for coking coal (coke) up 

to a certain level, but the industry has already reached the technical limits of replacement.  

No information is available for coking coalôs resources and reserves. Figures reported for 

bituminous coal provide a rough indication of coal suitable for coking coal production. US, 

China, India, Russia and Australia hold the most extensive reserves worldw ide for 
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bituminous coal.  Around 22 billion tonnes of bituminous coal reserves are located in the 

EU, and Poland holds by far the largest amount of reserves (93%) (BP 2018).  

More than one billion tonnes of coking coal is produced globally. China dominates t he world 

production of coking coal with more than half of the world output (55%), followed by 

Australia (16% of the world total). Chinese production is subject to export tax (OECD 

2019a). The annual European output of coking coal is around 20,597 kt (WMD 2 019) 

However, since 2019 only Poland and Czechia contribute to European production, as hard 

coal mining in Germany ended at the end of 2018. Given the type of applications, coking 

coal is not recyclable (BIO Intelligence Service 2015).  

In the context of t he EU policy to reduce greenhouse gas emissions 72 , the transition to a 

lower -carbon economy is challenging to coal - related industries. The European steel 

industry accounted in 2016 for about 7% of the verified greenhouse gas emissions of all 

stationary inst allations of the European Union. Process related CO 2 emissions in the steel 

industry are a natural result of the oxidisation of coke in the iron -making process. 

Breakthrough innovative technologies are under development to decarbonise steel 

production; som e are aiming to altogether bypass the use of coal for the production of 

primary steel (European Commission 2018) . Steel, the main end -use of coking coal, is 

present in all industry sectors, including the construction of wind turbines. Some products 

derived  from the by -products of the coking process such as carbon fibres are associated 

with innovative low -carbon technologies.  

8.2  Market analysis, trade and price  

 Global market  

The worldwide production of coking coal in 2017 was 1,079,497  kt  accounting for about  

17% of the total hard coal production worldwide (WMD, 2019) . China is the largest 

producer of coking coal, with more than half of the global supply (52% in 2017). Chinese 

production increased by more than three times since 2000 to peak at about 620 ,000  kt  in 

2014 but subsequently dropped to 540 ,000 kt  in 2017 (IEA 2018)  (WMD, 2019) . Other 

significant producers are Australia (18%), Russia (8%) and the USA (6%). Since 2010, 

world production of coking coal has been relatively stable at levels of between 9 00,0 00  

and 1 ,100,000 kt  (WMD, 2019) . The rise of hard coal prices on the world market since the 

summer of 2016 ended the wave of mine closures worldwide with high production costs 

that had continued over several years (BGR 2017) . The value of coking coal produ ction 

was roughly estimated at EUR 151 billion 73  in 2017.  

Coking coal trade reflects the demand for iron ore, pig iron and crude steel  (Euracoal 

2017) . There has been a substantial increase in coking coal consumption during the last 

40 years, driven primarily by growing steel production in China as infrastructure has been 

expanded  (IEA 2018) .  

According to  (IEA 2018) , in 2017 the global trade (exports) of coking coal was estimated 

at 327 million tonnes, equal to 24% of total hard coal trade (1,370 ,000  kt), of which 275 

million tonnes represent seaborne trade  (Euracoal 2018) . Australia is the largest exporter 

in the global coking coal market, with a share  of about 54% (177 ,000  kt ) of total exports 

in 2017  (IEA 2018) . Other important exporting countries are the USA, Canada, Mongolia, 

and Russia (see Figure 106 ). China, the world's largest producer, does not export coking 

coal as it is consumed domestically. Moreover, China imports significant amounts of high -

                                           
72 https://ec.europa.eu/clima/policies/strategies/2050_en  
73 Estimation based on an average price of EUR 145 per tonne in 2017 (Australian hard coking coal) and the 
reported global production. 
 

https://ec.europa.eu/clima/policies/strategies/2050_en
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quality coking coal. In fact, the selection of coal types depends both on the desired coke 

quality and the final metal product quality . Also, coking coal produced in India has in some 

cases undesired quality for use in ironmaking  (Sundqvist Ökvist et al. 2018) . China does 

however export metallurgical coke, being the top exporter in the world (data for H S 

270400 from  (UN Comtrade 2019) ). The value of coking coal traded globally was roughly 

estimated at EUR 47 billion 74  in 2017.  

According to 2017 data (Euracoal 2018) (IEA 2018), the seaborne coking coal accounts 

for around one -quarter of the total world mar ket with the remaining three -quarters 

consumed within domestic markets, e.g. China and India, and it best represents the 

international market for coking coal (Eurofer 2019b). The seaborne coking coal market is 

characterised by the smaller number of supplyi ng countries in comparison to the steam 

coal market (Euracoal 2019).  

 

 

Figure 106 : Major coking coal exporters worldwide in 2017. Data from (IEA 

2018)  

It has to be noted that the coking coal supply chain has high exposure to disruptions such 

as adverse weather conditions and accidents due to the concentrated supply structure, i.e. 

number and geographical location of mining areas, capacity and location of ports and 

railways dedicated to exports  (WorldSteel 2019b) . 

Chinaôs production of coking coal was subject to an export tax of 3% (decreased from 10% 

in 2015) as listed by the OECD Inventory for the year 2017 and the code HS 270112 

ñBituminous coal, whether/not pulverised but not agglomeratedò (OECD 2019a). A 3% 

fiscal tax on ex ports is imposed by Mongolia for coking coal concentrates, and a captive 

mining restriction by India. The above countries accounted for 60% of the global 

production of coking coal in 2017. Severe trade - restrictive measures (i.e. export taxes, 

export quotas , export prohibition) do not apply for coke in 2017 (OECD 2019a).  

 Outlook for supply and demand  

 

The future worldwide demand for steel drives the market outlook for coking coal demand. 

A recent report (Commodity Insights 2018) prepared for the Minerals Cou ncil of Australia 

forecasts that the global import demand of metallurgical coal will grow by a rate of 2.3% 

from 2017 to 2030, representing an annual average growth of 7,5 Mt, mainly driven by 

strong demand for steel in India (60% increase of import demand ) and China (39% 

                                           
74 Estimation based on an average price of EUR 145 per tonne in 2017 (Australian hard coking coal). 
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increase of import demand). The global demand for steel is expected to rise for many 

years (OECD 2019b), and primary steel production through the BF/BOF route will continue 

to play an important role in the future (EUROFER 2015) . 

On the sup ply side, China is expected to maintain its dominance in the producersô market, 

with coking coal production increasing from 54 0,000 kt in 2017 to 551,000 kt by 2028 

(IEA 2018). S&P Global estimated an increase of Australian production 182,000 kt in 2018 

to  214,000 kt by 2025 due to incoming new supply (S&P Global Market Intelligence 2018). 

Apart from the significant expansions in the already dominant market players, strong 

growth potential is reported for Mozambique and Mongolia (Euracoal 2019). Mining supp ly 

in the EU will decrease, as hard coal mining in Germany ended at the end of 2018. In 

2017, Germany produced 2.3 million tonnes of coking coal (WMD 2019).  

Available reserves of coking coal can strongly modify the future supply conditions as 

increasing qu ality and cost -benefit aspects may reduce the available volumes of the coking 

coal (HCC and Premium HCC qualities) necessary for maintaining high environmental 

performance and market competitiveness.  Not all identified and potential deposits of coal 

can de liver high -quality coking coal. As with all mineral resources, the geographical 

location of currently active mines and the accessibility of known deposits influences the 

final cost of the extracted raw material, periodically making the exploitation of marg inal 

deposits unfeasible (Eurofer 2019b).  

 

Table 44 : Qualitative forecast of supply and demand of coking coal  

Material  

Criticality of the 

material in 2020  
Demand forecast  Supply forecast  

Yes No 
5 

years  

10 

years  

20 

years  

5 

years  

10 

years  

20 

years  

Coking 

coal  
X  +  +  +  +  +  ? 

 EU trade  

The EU has historically been a net importer of coking coal because demand from the steel 

industry exceeds domestic supply (European Commission 2017) . Imports have remained 

relatively steady throughout 2012 -2016 at around 33,216  kt  per year on average, with a 

moderate increase to 33,854  kt in 2014, and a modest decrease to 31,121  kt in 2016 

(Figure 107 ). The former can be linked to an increased domestic steel output in the Blast 

Furnace (BF)/Basic Oxygen Furnace (BOF) route in 2014 by about 3% . The latter is coupled 

with a decreased domestic production of about 2 ,100  kt in 2016 in comparison to 2015, 

as well as with increased coke exports (see Figure 109 ); The EU crude steel output from 

the BF/BOF route was stable in 2016 compared to 2015 (W orldsteel 2018) . Most of the 

coking coal imported to the EU originates from Australia and the US ( Figure 108 ). As an 

average in 2012 -2016, the United States and Australia exported into the EU the 72% of 

all imported coking coal. Therefore, the EU relies on highly concentrated deposits for its 

imports of coking coal. In the same period, exports of coking coal rem ained minor at the 

level of a few hundreds of tonnes, representing around 1% of imports by volume.  

 



180  

 

 

Figure 107 : EU trade flows for coking coal (ESTAT Comext 2019)  

 

 

Figure 108 : EU imports of coking coal , average 2012 - 2016 (ESTAT Comext 

2019)  

 

The EU is a net exporter of coke ( Figure 109 ), exporting on average over the 2012 -2016 

period 2 ,214  kt and importing 1,261  kt annualy  (ESTAT Comext 2019) . Imports of coke 

to the EU come mainly from Russia (see Figure 110 ).  
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Figure 109 : EU trade flows for coke (ESTAT Comext 2019)  

 

 

Figure 110 : EU imports of coke, average 2012 - 201 6 (ESTAT Comext 2019)  

In 2017, c ountries exporting coking coal or coke to the EU did not apply restrictive export 

measures, i.e. export taxes, export quotas or export prohibitions (OECD 2019a) . Free 

Trade Agreements exist with Canada, Colombia, Ukraine, United States and Bosnia and 

Herzegovina (European Commission 2019)  

 

 Prices and price volatility  

Coking coal is traded both through contracts and in the spot market. Coal spot prices can 

fluctu ate based on -short term market conditions, but contract prices tend to be more 

stable (US EIA 2019). Coking coal varies in quality, with hard coking coal representing the 

highest grade, which attracts a premium price. Semi -soft or high -volatile coking coal  is of 

lower quality and as such, is sold at a lower price. Other essential price factors are freight, 

insurance, and whether the price refers to contracted coal or spot price  (CRM Alliance 

2018). Coking coal is more expensive than steam coal used in power  plants due to the 

requirement of more thorough cleaning and low impurity level (US EIA 2019). Coke prices 
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are correlated with coking coal prices, though higher at a level estimated roughly of 1.5 

to 2 times (data from (JSW 2019b)).  

 

The pricing of coking coal after a long period of substantial stability and low prices ranging 

from USD 40 /tonne  to 60 /tonne  on a yearly basis, started to sharply increase after 2003 

due to the growing demand from emerging economies. In particular, the strong demand 

for steel f rom China due to large infrastructure projects supported and continues to 

support high prices for coking coal (Eurofer 2019b) . The time series in Figure 111  reveals 

the sharp rise of the annual coking coal prices from USD 42 /tonne  in 2003 to USD 

230 /tonne  in 2011, as well as the difference with steam coal prices . 

 
Figure 111 : Developments in annual prices of steam coal and coking coal. Data 

from (BP 2019)  

 

Following the global recession in 2011, coking coal prices had a declining trajectory for 

many years. In summer of 2016, there has been a sharp rise in prices, which climbe d to 

record highs at the end of 2016. While the monthly average spot price for Australian 

premium coking coal was still at USD 92 /tonne  in July 2016, it rose sharply to USD 

309 /tonne  in November 2016 (see Figure 112 ). In 2017 and 2018, coking coal prices 

remained very volatile with several drops and spikes but remained at a relatively high 

average level. On a year -over -year basis, the annual average of th e industry benchmark 

price (high -quality Australian hard coking coal tracked by the Steel Index) increased 65% 

in 2016, 28% in 2017 and 7% in 2018; in the first semester of 2019 the benchmark spot 

price is averaging over USD 200 /tonne  for (S&P Global Marke t Intelligence, 2019a).  
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Figure 112 : Coking coal spot prices (The Steel Index), FOB Australia East Coast, 

monthly average ( EUR /tonne). Data from (S&P Global Market Intelligence 

2019a)  

 

 

The significant volatility in the 2017 -2018 period can be attributed to higher demand from 

China and India, as well as by short - term increase of demand in other markets, but mostly 

to supply -side factors, e.g. severe supply bottlenecks in Australia caused by floods and 

cyclones which restricted shipments due to low train availability (Euracoal 2018) (Deloitte 

2018) (CRU 2018)(S&P Global Market Intelligence 2019b). Similar weather - related supply 

disruption events influencing the pricing of coking coal occurr ed in the Australian mining 

region of Queensland in 2009 and 2011 (Eurofer 2019b).  

The higher coal prices since 2016 mark the end of the previous period of oversupply (BGR 

2017). A large degree of volatility is expected to be maintained in the short term,  due to 

the rise in global demand and the relatively low amount of investment in exploration and 

the development of new coal projects (BGR 2019a).  

 

Figure 113  presents the evolution of unit value for imports of coking coal and coke in the 

EU. After a five -year decline, in 2016 the annual average unit value for imports of coking 

coal was EUR 96 /tonne , and EUR 117 /tonne  for imports of coke and semi -coke of coal. In 

2017, the annual average unit value for imported coking coal rose by around 80% at EUR 

171 /tonne , and remained at high levels in 2018. The annual average unit value for 

imported coke and semi -coke of coal incr eased by about 60% in 2017 to EUR 186 /tonne , 

and in 2018 by 15% on a year -on -year basis at EUR 213 /tonne . 
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Figure 113 : Unit value 75  of EU imports of coking coal and coke/semi - coke of 

coal, yearly average ( EUR /tonne) . Data from (ES TAT Comext 2019)  

 

8.3  EU demand  

 EU consumption  

The EU apparent consumption of coking coal is calculated at approximately 53,548 kt in 

volume as an average for the period 2012 -2016.  Of this, about 20,332 kt per year came 

from within the EU (calculated as EU production ï exports to non -EU countries) and 33,216 

kt were imported. Based on these figures, the net import reliance is 62%. The annual EU 

apparent consumption of coke is calcula ted at 35,553 kt for the same period. The EU is 

not import reliant as it is a net exporter of coke.   

The EU apparent consumption of coking coal declined by 10% from 2012 to 2016, from 

54,152 kt in 2012 to 48,915 kt in 2016, mainly due to declining domesti c production from 

22,393 kt in 2012 to 18,102 kt in 2016 (ESTAT Comext 2019)(WMD 2019). In the same 

period, the EU coke consumption was relatively stable, ranging from 35,800 to 34,800 kt.  

It has to be noted that the aforementioned consumption levels of c oking coal and coke 

include the use of PCI in the blast furnace (see Section 8.3.3 ), and PCI injection has 

already reached its technical limits in th e EU industry  (Eurofer 2019a) .  

 

 Uses and end -uses of coking coal in the EU  

The use of coking coal in the steel making process is the most significant application. 90% 

of coke is used in the iron making process (blast furnace) for generating the necessary 

                                           
75 For coking coal, the imports unit value is calculated for the trade code CN нтлммнмл ά/ƻƪƛƴƎ /ƻŀƭΣ ǿƘŜǘƘŜǊ ƻǊ 
ƴƻǘ ǇǳƭǾŜǊƛǎŜŘΣ ōǳǘ ƴƻǘ ŀƎƎƭƻƳŜǊŀǘŜŘέ. For coke/semi-coke of coal, the imports unit value is considered for the 
combined quantity and value for trade codes: /b нтлпллмл Ψ/ƻƪŜ ŀƴŘ ǎŜƳƛ-coke of coal, whether or not 
ŀƎƎƭƻƳŜǊŀǘŜŘΩΣ /b нтлпллмм Ψ/ƻƪŜ ŀƴŘ ǎŜƳƛ-coke of coal, whether or not agglomerated, for the manufacture 
ƻŦ ŜƭŜŎǘǊƻŘŜǎΩΣ ŀƴŘ /b нтлпллмф Ψ/ƻƪŜ ŀƴŘ ǎŜƳƛ-coke of coal, whether or not agglomerated (excl. For the 
manufacture of electrodes). Semi-coke is a different product from coke formed by incomplete carbonisation of 
coke. However, trade data for coke and semi-coke are aggregated 
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process heat,  as a reduction medium of iron ores, carburisation of the hot metal, 

supporting the furnace charge, and providing permeability inside the furnace. More than 

70% of world steel production is made  by the integrated steelmaking route which is base d 

on the blast furnace (BF) and basic oxygen furnace (BOF) processes, and therefore, relies 

on coking coal (World Coal Association 2019)(World Coal Institute 2009) . In the EU, 60% 

of steel production, which requires coking coal, is produced via the blast f urnace route 

(European Commission 2018) . The average production of one tonne of steel in the 

integrated steelmaking process re quires the use of 630 kilograms of coke, and therefore 

780 kilograms of coking coal (WorldSteel 2019a) (World Coal Institute 2009) . 

 

Figure 114 : EU  end uses of coking coal (average 2013 - 2017)  (IChPW 2019)  and 

EU consumption of coking coal and coke (average 2012 - 2016)  (Eurostat 

Comext 2019)(WMD 2019)  

 

According to data from (BIO Intelligence Service 2015) 1% of coking coal is used in the 

manufacture of electrodes generally intended for the metallurgical ind ustry, and tar is an 

essential source material. Coking coal is also used in  the  production of foundry coke  

employed in foundry melting furnaces  by some producers of base metals and ferroalloys 

(FeMn and FeCr). Other minor users of metallurgical coke are pr oducers of non -metallic 

minerals such as phosphates, calcium carbide, soda ash and stone wool, or as a household 

heating fuel.  

Several products can be produced from by -products (coke oven gas, benzole, coal tar, 

ammonia sulphate and sulphur) of coke ovens . Ammonia gas recovered from coke ovens 

is used to manufacture ammonia salts, nitric acid and agricultural fertilisers, while refined 

coal tar is employed in the manufacture of chemicals (e.g. creosote oil, naphthalene, 

phenol, and benzene) as well as in c arbon fibres (World Coal Association 2019) (Remus et 

al. 2013) (Ozon 2018) (Dēez, Alvarez, and Barriocanal 2002) (JSW 2019a). Benzole 

(benzene, toluene, xylene) is also used in the chemical industry, whereas coke oven gas 

can be used for heat and power gen eration as it contains almost 55% of hydrogen (IChPW 

2019).  

Relevant industry sectors are described using the NACE sector codes (Eurostat 2019) . The 

calculation of economic importance is based on the use of the NACE 2 -digit codes and the 

value added at fac tor cost for the identified sectors ( Table 45 ). The value -added data 

correspond to average 2012 -2016 figures.  
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Table 45 : Coking coal applications, 2 - digit and examples of associated 4 - digit 

NACE sectors, and value - added per sector (IChPW 2019)(SCRREEN workshops 

2019)(Eurostat 2019)   

Applications  2 - digit NACE 
sector  

Value - added of the 
sector (millions EUR)  

Examples of 4 - dig it NACE 
sector(s)  

Coke for 
steel 

production  

C24 ï Manufacture 
of basic metals  

55,426  
 

C24.10 -  Manufacture of 

basic iron and steel and of 
ferro -alloys  

 

Coke for 
other 

applications  

C23 -  Manufacture 
of other non -metallic 

mineral products  

57,255  
 

C2399 ï Manufacture of 
other non -metallic mineral 

products n.e.c  

Other uses 

(t ar, benzole , 
electricity 
and heat)  

C20 -  Manufacture 
of chemicals and 

chemical products  

105,514  
 

C20.14 ï Manufacture of 
other organic basic 

chemicals ïDistillation of 
coal tar  

C20.15 ï Manufacture of 

fertilizers and nitrogen 
compoundsammonia  

 

 Substitution  

Currently, there are no technologically feasible and economically reasonable alternatives 

to completely replace coking coal in the production of steel from iron ore (Eurofer 2019b). 

The main reason is that metallurgical coke in the blast furnace charge sup ports the iron 

ore burden and provides a permeable matrix necessary for slag and metal to pass down 

into the hearth and hot gases to move upwards into the stack (European Commission 

2017)(SCRREEN workshops 2019).  

Coking coal (coke) can be replaced by pulv erised coal (PCI) up to a certain level, which 

then requires the remaining hard coking coal to be of higher quality, mainly premium hard 

coking coal, otherwise the performance of steel production process can be strongly lowered 

(Eurofer 2019b) . About 30% o f coal can be saved by injecting fine coal particles into the 

blast furnace as one tonne of PCI coal used for steel production can replace about 1.4 

tonnes of coking coal by reducing the amount of coke required. Coals used for pulverised 

coal injection int o blast furnaces have more narrowly defined qualities than steam coal 

(WorldSteel 2019a) .  PCI coal is mainly used to achieve cost benefits by replacing coke, 

thus skipping the costly coke -making stage. Pulverised coal injection is a technique widely 

applie d in the EU (Addendum in Pardo, Moya and Vatopoulos, 2015) , and the industry has 

already reached the technical lim its for coke substitution (Eurofer 2019a) . For this reason , 

PCI does not affect the substitution  index  of coking coal  in the criticality assesment . A 30% 

substitution of coking coal with PCI was assumed in the EU MSA study of coking coal 

(background data f rom (BIO Intelligence Service 2015) ).  

In addition, for some production processes, natural gas may substitute for as much as 

10% of coking coal (Eurofer 2019b). Natural gas is a reducing agent in the production of 

Direct Reduced Iron (DRI) from iron ore, an  alternative production route for crude 

steel.Hhowever, this technology is not common in Europe (Pardo, Moya, and Vatopoulos 

2015). In the EU, only 700 kt of DRI was produced in 2017 (Worldsteel 2018), 

corresponding to less than 1% of the EU total iron pro duction, as the technology is not 

commercially viable due to the high cost of gas (Eurofer 2019a).  

Different methods have been explored to enable the use of coals with lower quality in the 

coking process without undermining coke quality. These are for exa mple:  the stamp 

charging technology with oil additives, the ñScope 21ò coke-making process in Japan using 

high blending ratio (over 50%) of non -  or slightly -coking coal, the use of hypercoal as 

additive to coking coal blend (Tercero et al. 2018) (Sundqvist  Ökvist et al. 2018). The cost 
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for hypercoal is higher, but it enables the use of some thermal coals (CRM experts 2019). 

Waste plastics in coking coal blend is also an alternative that can replace the use of 1 -2% 

of coking coal (Tercero et al. 2018). Howev er, as less suitable coking materials significantly 

influence coke quality, it is possible to use only low amounts of secondary materials in the 

coking process (Sundqvist Ökvist et al. 2018). It is estimated that economically favourable 

alternatives (such as hypercoal and waste plastics) can be used to substitute 5 -10% of 

coking coal for metallurgical applications (Tercero et al. 2018).  

Other materials, such as hydrogen and natural gas potentially used in the blast furnace 

are not substitutes of coking coal  per se  as they do not provide mechanical support to the 

charge of the blast furnace nor the necessary carbon monoxide (CO)  for reducing the iron 

ore, but perform only the function of delivering heat (CRM experts 2019). However, in the 

future, specific pro cesses may substitute coking coal with natural gas, hydrogen and 

biomass , e.g. Hisarna process (Pardo, Moya, and Vatopoulos 2015).  

Fines of coke (coke breezes), which are used in the sintering of iron fines, can be 

substituted by ultra -grade anthracite. Al so, part of the coke can be replaced in the blast 

furnace by anthracite as a heat source (CRM experts 2019).  

For the production of electrodes, natural graphite and synthetic graphite can replace 

effectively coking coal (Tercero et al. 2018)(Sundqvist Ökvi st et al. 2018).  

8.4  Supply  

 EU supply chain  

Figure 115  shows the coking coal flows (in C content) through the EU economy.  

 

Figure 115 : Simplified MSA of coking coal flows in the EU. 2013. (BIO 

Intelligence Service 2015)  

8.4.1.1   EU sourcing of coking coal  

EU sourcing of coking coal amounts to 53,813 kt (domestic production + imports). The 

annual average EU production of coking coal over 2 012 -2016 was 20,597 kt. Over the 

same period, coking coal was produced in Poland, Czechia and Germany. The EU 

production declined by 20% from 2012 to 2016, mainly due to decreased production from 

Czechia and Germany ; (WMD 2019) ;  in Germany, production ende d in 2018. EU domestic 

production covered 38% of its needs.  
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In 2017, around 25% of the active hard coal mines in the EU produced metallurgical coal 

(and anthracite). In particular:  

¶ In Poland, 18 hard coal mines were active in the Silesia (ślŃskie) region, with 27 % of 

coal produced in this region classified as coking coal;   

¶ In Czechia , hard coal is mined at two underground mines located in the Moravskoslezsko 

region (Karvin§ and Darkov, ĻSM), in which the extracted coal is graded as coking coal or 

steam coal  based on its quality parameters. In the same region, the Paskov mine, with 

89% of coal produced classified as coking coal, terminated its production in 2017;  

¶ In Germany , two remaining underground hard coal mines produced steam coal and 

coking coal in 2016, the Prosper -Haniel mine, and the Ibbenbüren mine located in the 

Münster region (P. Alves Dias et al. 2018)(Euracoal 2017). Those mines were active only 

till the end of  2018. Therefore, Germany does not any longer contribute to the EU coking 

coal supply side.  

 

In total, the share of coking coal in the overall EU hard coal production was on average 

21% for the period 2012 ï2016. In Poland, coking coal accounted for 17% of  hard coal 

production, while t he share of coking coal in the overall hard coal production in Czechia 

and Germany 2017 was 50% and 56% respectively (WMD 2019) . 

 

Despite domestic production, the EU remains dependent on imports of coking coal, with 

net import  reliance of 62%. The majority of coking coal imported to the EU comes  from 

the USA and Australia, which cover 24% and 21% of the total EU supply respectively (see 

Figure 116 ). Due to the closure of mines in Germany, the EU import reliance will  increase 

from 2019 onwards. In case the annual average production of 4 ,060  kt from Germany in 

the reference period 2012 -2016 is replaced entirely by imports, and as suming that the 

apparent consumption remains constant, then the EU net import reliance would increase 

to 69%.  

 

Figure 116 : EU sourcing of coking coal. Average 2012 - 2016  (WMD 2019) 

(ESTAT Comext 2019)  

8.4.1.2   EU sourcing of coke  

EU sourcing (domestic production + imports)  of coke amounts to 37,660 kt. The annual 

average EU production of coke over 2012 -2016 was 36,506 kt (VDKI 2017). Coke is 

produced in 13 Member States. EU production covers 100% of domestic consumption.  

In 2017, arou nd 60  % of the EU crude steel production took place in integrated 

steelmaking plants (Blast furnace/Basic Oxygen furnace process), in which coke oven 

plants are typically an operational unit. Coking coal can also be converted into coke in 

individual coking  plants before marketing to the iron industry. For example in Poland, the 
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major producer of coking coal in the EU, coke is produced at the PrzyjaŦŒ and Zabrze 

coking plants operated by the mining company JSW (JSW 2019a).  

 

Figure 117 : EU sourcing of coke. Average 2012 - 2016  (VDKI 2017) (ESTAT 

Comext 2019)  

 Supply from primary materials  

8.4.2.1   Geology, resources and reserves of coking coal  

Geological occurrence: Coal is a combustible, carbonaceous sedimentary rock, which is 

composed of foss ilised plant remains, minerals and water. Coal is formed as accumulated 

dead plant materials in swamp ecosystems are buried beneath layers of younger 

sediments and altered by the combined effects of pressure and heat over millions of years 

to form individu al carbon - rich coal layers, known as seams. The characteristics of coals 

are determined by the coalification process (e.g. varying types of buried vegetation, 

depths of burial, temperature and pressure at those depths, time of coal deposit 

formation). The composition and the amount of impurities (e.g. sulphur and phosphorous), 

the content of volatile matter and ash strongly condition the possible uses of the coal. For 

that reason, different groups and sub -groups of coal are identified, and each of them is 

used for specific purposes only. The most common classification of coals is based on rank, 

which represents the degree of coalification that has occurred. Classification of coals by 

rank ranges progressively from brown coals, which include lignite and sub -bituminous coal, 

to black or hard coals that comprise bituminous coal, semi -anthracite and anthracite. 

Anthracite (most carbonaceous) is classified as high - rank while lignite (least 

carbonaceous) is classified as low - rank. Coal types can be differentiated i n the ranking 

sequence by several properties, e.g. elemental composition, volatile matter content, fixed 

carbon content, calorific value, water content, etc.; many different classification systems 

have been developed on a national and international level. Coking coal is classified as 

medium - rank bituminous coal which contains more carbon, less moisture and ash than 

low - rank coals.  Coking coals usually have a volatile matter yield between 20% and 30% 

(dry, ash - free basis)  (BGS 2010)(World Coal Association 20 19)(World Coal Institute 

2009)(Eurofer 2019b) (European Commission 2012) . 

The properties of coking coal have to be more tightly controlled than steam coal used in 

power stations and other uses, given the major impact of coke on blast furnace operation 

and pig iron composition. The required properties for coking coal to be suitable for 

steelmaking are low ash, sulphur and phosphorus content, as well as the ability to soften, 

swell and then solidify into a porous material of high strength when heated to a suf ficiently 
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high temperature in the absence of air (caking ability). A coal's caking properties are the 

primary determinant of its suitability for coke production  (BGS 2010)(World Coal 

Association 2019)(World Coal Institute 2009) .  

Global resources and reserves :  Many different national and international definitions 

and classifications exist to subdivide coal resources into different classes, e.g. hard coal, 

brown coal, steam coal, coking coal, etc. These subdivisions are either based on scientific 

(physi cal, chemical, petrographic), technical (heating value, plasticity, swelling index), 

commercial, or combined parameters. As different definitions and cut -off values are used 

to subdivide the volumes of coal resources and reserves, e.g. into brown coal and hard 

coal, the resulting figures are not comparable (European Commission 2012). There are no 

resource and reserve data on coking coal at the national/regional level reported using the 

United Nations Framework Classification (UNFC)(European Commission 2017) . 

However, bituminous coal reserves can be a rough indication of raw materials suitable for 

extracting coking coal. The known reserves of anthracite and bituminous coal were 

approximately 718 billion tonnes at the end of 2017 (BP 2018) , sufficient to meet the 

demand for centuries. The United States has the worldôs largest reserves, followed by 

China and India ( Table 46 ).  

Table 46 :  Global proved reserves 76  of anthracite and bituminous coal at the end 

of 2017 (Data from  (BP 2018) )  

Country  

Bituminous coal and 

anthracite reserves (billion 

tonnes)  

Percentage of the 

total (%)  

US 220.8  30.7%  

China  130.8  18.2%  

India  92.8  12.9%  

Russian Federation  69.6  9.7%  

Australia  68.3  9.5%  

Ukraine  32.0  4.5%  

Kazakhstan  25.6  3.6%  

Poland  19.8  2.8%  

Indonesia  15.1  2.1%  

South Africa  9.9  1.4%  

Others  33.5  4.7%  

Total world  718.3  100%  

 

EU resources and reserves 77 :  There are no published data on coking coal resources and 

reserves using the United Nations Framework Classification (UNFC) .  Reserves of 22 billion 

tonnes of anthracite and bituminous coal are reported in the EU, the majority of them is 

located in Poland (s ee Table 47 )  mostly in the Upper Silesian basin (79% of the total hard 

coal reserves in Poland) where 27% of the hard coal reserves consists of coking coal 

(Eurocoal 2017). Other than the resource estimation reported in Minerals4EU website, 

deposit of antimony was rep orted in Rockliden, Sweden at 10 Mt with 0.18% Sb, (also 

contains 4.03% Zn, 1.82% Cu, 52 ppm Ag, 0.06 ppm Au) (Depaux, G., 2019).   

                                           
76 Generally taken to be those quantities that geological and engineering information indicates with reasonable 
certainty can be recovered in the future from known reservoirs under existing economic and operating 
conditions. The data series for total proved coal reserves does not necessarily meet the definitions, guidelines 
and practices used for determining proved reserves at the company level. 
77 The Minerals4EU project is the only repository of some mineral resource and reserve data. However, there 
are no data for coking coal in the Mineral4EU website, for both resources and reserves in Europe. 
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Table 47 : EU total proved reserves 78  of anthracite and bituminous coal at the 

end of 2018 (Data from  (BP 2019) )  

Country  
Bituminous coal and anthracite 

reserves (billion tonnes)  

Poland  20,542  

Spain  868  

Hungary  276  

Bulgaria  192  

Czechia  110  

Romania  11  

Germany  3 

Total EU  22,002  

 

Exploration and new mine development projects in the EU : In Poland, there are two 

ongoing new mine development projects in progress (Prairie Mining 2019):  

¶ The Jan Karski  project in the Lublin coal basin. The project has a potential to produce 

thermal and semi -soft coking coal. JORC -compliant total resources amount to 728 M t of 

in -situ coal and probable ore reserves are estimated at 139.1 Mt of marketable coal, and 

the annual production can yield 6.3 Mt of marketable coal. The results of a pre - feasibility 

study were announced in March 2016.  

¶ The Debiensko  project in Upper Sil esian coal basin. The project aims to produce premium 

hard coking coal (mid -vol and low -vol HCC). Resources reported under the JORC code 

comprise a total resource of 301 Mt of in -situ coal, and annual production is projected at 

68 Mt of saleable coal over a 26 year period. A scoping study was published in March 2017.  

8.4.2.2   Production of coking coal  

Coal is mined by open -pit or underground methods, depending on the morphology of the 

coal deposit. Surface mining is applied when the coal seam is near the land surf ace (BGS 

2010). Before marketing,  Run -of -mine coal is upgraded in preparation plants where the 

extracted hard coal is graded as coking coal or steam coal, based on certain quality 

parameters . Preparation may include washing, crushing, sieving, and gravity 

concentration to satisfy size and purity specifications of the intended use.  

The use of coking coal for metallurgical applications, i.e. steel production, require that 

certain physical and chemical properties are tested in advance in order to check the 

com plete compatibility of the raw material with the production process (i.e. CSR index ï 

coke strength after reaction). Moreover, also the content on impurities like sulphur and 

phosphorus, and not only, impose in which industrial processes the coking coal ca n be 

used. For this reason the coking coal is subdivided in different products: Premium Hard 

Coking Coal (PHCC), Hard Coking Coal (HCC), High -Volatile HCC (Semi -HCC), Semi -soft 

coking coal (SSCC), Low Vol PCI, each of them identified by different propertie s and 

performance when employed in the industrial processes. In general, the EU steel 

production should be fed using Premium HCC and HCC for maintaining the high 

environmental performance of the installations (i.e. higher quality HCC means the use of 

less raw materials and lower emissions). In particular, the European integrated steel 

process routes uses the most advanced technologies using PHCC and HCC only, in 

                                           
78 Generally taken to be those quantities that geological and engineering information indicates with reasonable 
certainty can be recovered in the future from known reservoirs under existing economic and operating 
conditions. The data series for total proved coal reserves does not necessarily meet the definitions, guidelines 
and practices used for determining proved reserves at the company level. 
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compliance with European environmental laws. Any substantial substitution of these high -

quality coking coals will surely increase the whole environmental impact (Eurofer 2019b).  

 

 

Figure 118 : Coking coal products  (European Commission 2014)  

 

8.4.2.3  World and EU mine production of coking coal  

The annual world supply of coking coal wa s about 1, 079,497 kt  as an average between 

2012 and 2016. As can be seen in Figure 119 , China was  by far the biggest producer of 

coking coal globally, producing 55% of the worldôs total. Other significant producers are 

Australia (16%), Russia (7%) and the United States (6%). The  overall EU production of 

coking coal account ed for 2% of world production. The European production of coal was  

about 20.5 97  kt . 60% of the EU output was  mined in Poland, whereas Germany and the 

Czech Republic contribute d to 20% each  over the years 2012 -20 16 .  

 

  
Figure 119 : Global and EU mine production of coking coal. Average for the years 

2012 - 2016. (WMD 2019)   

 Processing of coking coal  

Coking coal is converted into coke, semi -coke and coke by -products in coke ovens. Coke 

making, or carbonisation, entails heating the coal to high temperatures (1,150 to 1,350 



193  

 

OC) in the absence of oxygen to drive off gases and impurities and concentrate th e carbon 

content (Remus et al. 2013). Semi -coke is formed by incomplete carbonisation of coal, 

with a reduced air supply, at a temperature of between 450 and 700 OC. 
 

Before coke making, selected bituminous coal grades are usually blended and pulverised 

to  control the size and quality of the feed. During heating, the physical properties of coking 

coal allow the coal particles to pass through softening, fusing, and solidification into hard 

and porous coke lumps. They are are then quenched with either water o r air before storage 

or direct transfer to the blast furnace. Exhaust gases are collected and processed to 

recover combustible gases for heat production and other by -products (Remus et al. 

2013)(Dēez, Alvarez, and Barriocanal 2002). The coke yield varies from 700 kg to 800 kg 

of dry coke per tonne dry coal (approximately 1250 -1400 kg coking coal is needed for the 

production of 1 tonne of coke depending on the volatile content), and the coke oven gas 

production ranges from 140 kg to 200 kg per tonne dry coal . The yield of tar and benzole 

(benzene, toluene, xylene) is reported to be 50 kg per tonne dry coal (IChPW 2019).  

 

8.4.3.1  World and EU production of coke  

The annual EU production of coke was around 36,506 kt as an average from 2012 to 2016. 

13 Member States are listed as coke producers (VDKI 2017). Poland and Germany, with 

25% and 24% respectively, have the highest share of EU production.  

 

  
Figure 120 : World and EU coke production. Average for the years 2012 - 2016. 

Data from  (VDKI 2017)  

 

 Supply from secondary materials/recycling  

Recycling is not applicable as coke is entirely dissipated after its use as it is oxidised to 

CO2 (BIO Intelligence Service 2015). Therefore, the EOL -RIR is 0%.  

Table 48 : Material flows relevant to the EOL - RIR of coking coal in 2013 79 . Data 

from (BIO Intelligence Service 2015a)  

MSA Flow Value (tonnes) 

B.1.1 Production of primary material as the main product in EU sent to processing in EU 18,117 

                                           
79 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2)  
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B.1.2 Production of primary material as by-product in EU sent to processing in EU 0 

C.1.3 Imports to EU of primary material 0 

C.1.4 Imports to EU of secondary material 0 

D.1.3 Imports to EU of processed material 30,181 

E.1.6 Products at end of life in EU collected for treatment 0 

F.1.1 Exports from EU of manufactured products at end-of-life 0 

F.1.2 Imports to EU of manufactured products at end-of-life 0 

G.1.1 Production of secondary material from post-consumer functional recycling in EU 
sent to processing in EU  0 

G.1.2 Production of secondary material from post-consumer functional recycling in EU 
sent to manufacture in EU  0 

 

8.5  Other considerations  

 Environmental and health and safety issues  

As an energy - intensive industry, the European steel industry accounted in 2016 for about 

7% of the verified greenhouse gas emissions of all stationary installations of the European 

Union and around 22% of industrial emissions excluding combustion. Most of the emissions 

come from the iron ore reduction process, in which the carbon provided by the coke acts 

as the reductant. Reducing the carbon intensity of the blast furnace steelmaking route is, 

therefore, one of the two methods -  the other is the increased share of the electric furnace 

steelmaking route -  to decarbonise the steel industry. Among the novel technologies to 

achieve emissions reduction are carbon capture and storage, carbon capture and 

utilisation, hydrogen -based steelmaking, iron ore electrolysi s. Currently, there are several 

innovative low carbon projects under development in the European iron and steel industry, 

with market entry forecasted within the next decade. Such breakthrough innovations will 

constitute an entirely new production system t hat would replace production processes that 

have been used and optimised for many decades. As an example, the hydrogen -based 

direct reduction process aims using hydrogen to completely bypass the use of coal for the 

production of primary steel (European Com mission 2018). However, they are not going to 

be available in the next decade (IChPW 2019).  

Imported coking coal to the EU has a higher carbon footprint. It is reported that EU -based 

production has lower carbon emissions by 1.5 -3 times compared to coking coal imported 

from Australia due to maritime emissions (JSW 2019b) (IChPW 2019).  

EU OSH requirements exist to protect workersô health and safety, employers need to 

identify which hazardous substances they use at the workplace, carry out a risk 

assessment a nd introduce appropriate, proportionate and effective risk management 

measures to eliminate or control exposure, to consult with the workers who should receive 

training and, as appropriate, health surveillance 80 .  

 Contribution to low - carbon technologies  

By d efinition, the contribution of coking coal to low -carbon technologies is not applicable. 

Nevertheless, coking coal is an essential ingredient in steel production, and the importance 

of steel in all industrial sectors is beyond doubt. Steel is necessary for  low -carbon 

technologies in the broad areas of transport (e.g. tower structures and associated concrete 

infrastructure, generators), wind power (e.g. for specific magnetic properties, and 

essential structural elements within wind turbines), solar power etc . (Euromines 2019). 

More information is available in the Iron Ore factsheet.  

                                           
80 https://ec.europa.eu/social/main.jsp?catId=148 
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Also, noteworthy is the use of products derived from the by -products of coke production 

in some innovative technologies. For example, carbon fibres produced from coal tar are 

used  in aviation and automotive industry where they offer a great lightweight potential 

with benefits in fuel consumption but also for hydrogen storage tanks, where they provide 

the container to be hermetic, tight and meet all safety standards for hydrogen sto rage. 

While tanks are produced in Europe, carbon fibers are mostly imported from Asia. 

Moreover, in the case that hydrogen separation from coke oven gas is achieved, it can be 

used in fuel cells for zero -emission power generation and transport. JSW reports  that the 

amount of hydrogen circulating in its coking plants is almost 75 kt annually which could 

fuel about 600 hydrogen - fuelled buses or over 4,000 hydrogen - fuelled cars. Another 

technology is carbon materials used in aviation, defence and electronics f or their 

lightweight and durability, as well as in small amounts (1 -3%) in graphite anodes of Li - ion 

batteries which are produced from needle coke (JSW 2019b).  

Compared to the conventional oil -based needle coke, the coal -based needle coke has 

certain disti nguishing characteristics, such as high heat durability and world's lowest 

thermal expansion rate (Mitsubishi Chemical Corporation 2019) . Currently there are only 

four companies globally that produce this product of a high technology, mostly Japanese 81 . 

JSW estimates that its own capacity production of needle coke (own coal tar processing) 

would provide 10% of European demand for this processed material (JSW). Taking into 

account the proximity of other coal tar suppliers it would be possible for JSW to produ ce 

up to 60.000 tonnes of needle coke annually. Electrode applications are projected to grow 

at a high CAGR of 7.3% by 2025 and therefore global demand for needle coke is also 

estimated to grow over 5% annually in next 5 years (Grand View research, 2019). 

Meanwhile local production of coal tar is decreasing together with a decrease of coke 

production. This will cause not only a total dependence from import of coke for steel 

industry but also of those processed materials used for carbon fibers and in battery  value 

chain.  

 

 Socio - economic issues  

Coking coal faces political, technical and financial challenges in the transition to a lower -

carbon economy (CRM Alliance 2018). The decline in coal - related activities might also 

affect the iron and steel sector. Hard coal mines capable of producing this type of coal 

could continue to operate purely by serving this sector, as long as coking coal prices are 

sufficient enough to sustain mining operations (P. Alves Dias et al. 2018).  

The level of governance of countries su pplying coking coal to the EU is medium to high, 

except the Russian Federation providing 6% if the total EU sourcing. At the global level, 

more than half of the supply (55%) derives from a country with low governance, i.e. China. 

In this country, governanc e is deficient in the area of ñVoice and accountabilityò (World 

Bank 2018).  

The importance of coking coal mining in Europe is analysed in the report of the European 

Commission EU coal regions: opportunities and challenges ahead  (2018) by the Joint 

Research Centre (JRC)(P. Alves Dias et al. 2018).  

8.6  Comparison with previous EU assessments  

The assessment has been conducted using the same methodology as for the 2017 list. The 

calculations of the Supply Risk (SR) for 2014 and 2017 li sts have been performed for the 

                                           
81 https://www.televisory.com/blogs/-/blogs/can-lithium-ion-anode-demand-for-needle-coke-reduce-
availability-for-electrode-players- 
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mine stage (coking coal). In the current assessment, the supply risk has been analysed at 

both the mine and the processing stage (coke). The results of the current and earlier 

assessments are shown in Table 49 .  

Table 49 : Economic importance and supply risk results for coking coal in the 

assessments of 2011, 2014, 2017, 2020. (European Commission 

201 1);(European Commission 2014); (European Commission 2017)  

Assessment  2011  

 

2014  

 

2017   2020  

Indicator  EI  SR EI  SR EI  SR EI  SR 

Coking coal  not 

assesed  

not 

assesed  
8.9  1.2  2.3  1.0  3. 0 1.2  

Coking coal was not assessed in 2011, and it was identified as critical in the 2014 

assessment. The sharp decline of the economic importance results in the 2017 assessment 

is the result by the change in methodology, i.e. base metal was isolated from metal 

products on NACE 2 -digit level, and the mega sector approach  was discarded. This resulted 

in a lower overall value -added and thereby impacted the Economic Importance score for 

coking coal. In the 2017 assessment, although coking coal missed the economic 

importance threshold, for the sake of caution, it was kept on the list of critical raw materials 

for the EU 82 .  

In the current assessment, the Supply Risk (SR) was calculated using both the HHI for 

global supply and EU supply as prescribed in the revised methodology. The results show 

that the supply risk is higher at the extraction stage (SR=1.19) than the processing stage 

(SR=0.34). The stage with the highest score has been considered as representing the 

overall supply risk for coking coal, i.e. SR=1.19 (rounded to 1.2). The SR appears 

increased in comparison to the 2 017 assessment due to two reasons. Firstly, different 

substitute materials were considered for the substitution index in the current assessment 

in relation to the 2017 exercise. In particular, the use of PCI does not contribute to the 

substitutability of c oking coal, as it is a widely applied technique by the EU steel industry 

which has already reached its technical limits. In the previous assessment the factor for 

PCI introduced in the calculation of the substitution index was 30%. Secondly, in the 2017 

assessment, an erroneous allocation of EU production in the calculation formulas of the EU 

supply risk component resulted in lower supply risk by 0.1 (i.e. SR=1.0 instead of SR=1.1).  

The Economic Importance (EI) indicator has increased due to the introductio n in the 

calculation of the NACE 2 -digit sector ñC20 - Manufacture of chemicals and chemical 

productsò of high value-added, and a lower share allocated to the NACE 2 -digit sector ñC24 

ï Manufacture of basic metalsò of lower value-added.  

 

8.7  Data sources  

Production data of coking coal were sourced from óWorld Mining Dataô published by the 

Austrian Ministry for Sustainability and Tourism and the International Organising 

Committee for the World Mining Congress Austrian Ministry of Science, Technology and 

Com merce. The source of data for the production of coke was the German Coal Importers 

Association (VDKi). Eurostat (Comext) provided the data for EU trade flows for coking coal 

and coke. The end -uses of refined products of coking coal were provided by the Ins titute 

of Chemical Processing of Coal (IChPW).  

                                           
82 Commission's Communication 'on the 2017 list of Critical Raw Materials for the EUΩ ό/haόнлмтύ пфл Ŧƛƴŀƭύ  
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9 FLUORSPAR 

9.1  Overview  

 

Figure 121 : Simplified value chain for fluorspar 83  in the EU  ( average 2012 to 

2016 )   

Fluorspar is the commercial name for the mineral fluorite (calcium fluoride, CaF 2). Fluorite 

is a colorful, widely occurring mineral that occurs globally with significant deposits in over 

9,000 areas. Fluorspar was on the list of CRMs in 2011, 2014, 2017.  

For the purpose of this assessment fluor spar at both extraction and processing stage are 

analysed. At mine stage, fluorspar is assessed in the form of fluorspar acid grade ñAGò 

(assuming 97% CaF 2 contained, CN8 code 25292200) and metallurgical grade ñMGò 

(assuming 84% CaF 2 contained, CN8 code 25 292100). At processing stage, the following 

products are considered: hydrogen fluoride (HF, 95% F contained, HS 281111), cryolite 

(Na3AlF6, 54% F contained,  HS 282630 ) and aluminum fluoride (AlF 3, 68% F contained,  

HS 282612 ).  

   

Figure 122 : End uses (CRM Experts, 2019b) and EU sourcing of Fluorspar at 

mine stage (Acid - Grade and Metallurgical - Grade) (Eurostat Comext 2019a)  

                                           
83JRC elaboration on multiple sources (see next sections). The quantity of processing stage in the EU represents 
the figure from criticality assessment 2017.  
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In the assessment, the figures of fluorspar reported in extraction stage is expressed in 

CaF2 content while for processing stage the quantities are expressed in fluorine (F) content.  

The fluorspar market is segmented into four applications: aluminum production, steel 

production, hydrofluoric acid, and others.  Acid grade fluorite and metallurgical fluorite 

togeth er account for over 95% of the global fluorspar market share (Marketwatch Press 

Release, 2019). 84  The majority of fluorspar is traded on annual contracts and only small 

amounts are sold on the open market (BGS, 2011).  The average annual acidspar prices 

have  decreased drastically in the last years, from USD 399 per tonne  in 2014 to  USD 265 

per tonne  in 2018  (DERA, 2019) .  

The average annual EU apparent consumption of fluorspar over the period 2012 -2016 was 

estimated at 755 kt with 74% of consumption in the for m of acid grade and 26% in 

metallurgical grade. The EU sourced fluorspar through domestic production (in Spain, 

Bulgaria and Germany) and imports (mainly from Mexico, South Africa, China, Kenya and 

Namibia). The EU was a net importer of fluorspar at mine s tage with an EU import reliance 

of 66%. Between 2012 and 2016, the EU was net exporter of fluorspar containing products 

such as hydrogen fluoride, cryolite and aluminum fluoride.  

Fluorspar is mainly used in steel and iron making, refrigeration and air cond itioning, 

aluminium making, solid fluoropolymers for cookware and cable insulation, 

fluorochemicals, nuclear uranium fuel and in processes for oil refining.  

Fluorspar resources are widespread globally and major deposits can be found on every 

continent. Id entified world fluorspar resources were approximately 500 million tonnes of 

contained fluorspar (USGS, 2019). Resource data for some countries in Europe are 

available at Minerals4EU (2019) but cannot be summed as they are partial and they do 

not use the sa me reporting code. World known reserves of fluorspar are estimated at 

around 310 million tonnes (as 100% equivalent CaF 2,) (USGS, 2019).  Mexico has the 

worldôs largest fluorspar reserves, followed by China and South Africa (USGS, 2019).  

The world average annual production of fluorspar (CaF 2) at mine stage in the period 2012 -

2016 was reported at 6,358 kt per year. The ore production is strongly concentrated with 

65% of production in China and 15% in Mexico (WMD, 2019). The European production of 

fluorspar w as 254 kt of acid grade fluorspar (no production of metallurgical grade fluorspar 

in the EU) (WMD, 2019).  

There was not any supply of fluorspar from secondary sources. Given the type of 

applications, fluorspar is not recyclable (European Commission, 2014). Fluorspar 

contained in waste mainly ends up in landfill (Bio Intelligence Service, 2015).  

On the 1 st  of January 2019, The UN Environment Programme (UNEP) announced the entry 

of the Kigali Amendment to the Montreal Protocol on Substances that Deplete the Ozone 

Layer into force, following ratification by 65 countries. It has resulted in new legislation in 

many  countries, which reduces the production and consumption of hydrofluorocarbons, 

shortening the demand for fluorspar (USGS, 2018).  

Until 2010, China had an export quota on fluorspar (550 kt/y). China also imposed export 

taxes (15%) on acid grade fluorspar,  which ended in 2013 (OECD, 2019). On processed 

products, China applied 5% of export tax for fluorides of aluminium (HS 282612) that 

ended in 2014. Kenya imposed an export tax of 1% to both acid and metallurgical grade 

fluorspar (commodities under trade co de HS 252922)for its exports to Eritrea, Ethiopia, 

                                           
84 The remainder of the ceramic grade fluorite is not considered in this assessment due to minor economic 
relevance 
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and Swaziland. Mongolia also imposed a fiscal tax on exports on both acid and 

metallurgical grade fluorspar (OECD, 2019).  

 

9.2  Market analysis, trade and prices  

 Global market analysis and outlook  

Globally, fl uorspar is used mainly in three industry fields. First, acid -grade fluorspar is 

used in the chemical sector for the manufacture of hydrofluoric acid (HF), a precursor to 

the production of most other fluorine -containing chemicals, accounting for approximate ly 

40% of the annual global fluorspar consumption. Secondly, fluorspar is used in 

metallurgical -grade as steelmaking flux, accounting for 30% of the global consumption. 

Thirdly, acid -grade fluorspar is used in the manufacture of aluminum fluoride (AlF 3) an d 

cryolite (Na 3AlF6) for aluminum smelting, accounting for approximately 18% of the global 

consumption. In contrast to the manufacture of hydrofluoric acid and products derived 

from it, fluorspar is in the second and third application not incorporated in t he final 

products. Other applications of fluorspar include use in the manufacture of cement, 

ceramics, enamel, glass, and welding rod coatings  (Sundqvist Oeqvist, Pr. Lena et al., 

2018) . 

China shows the largest mine production of fluorspar worldwide, with average annual 

production more than half of the global supply for the period 2012 -2016. New fluorspar 

production capacity in Canada came online in 2018 that has reportedly sent fluorspar to 

the United States for further processing (USGS, 2019). In 2019, ne w capacity became 

available also in South Africa. These new mine production sites will contribute to significant 

increases of both South African and Canadian production. In Canada, the production 

capacity of fluorspar is expected to increase up to 200 kt p er year acid -grade concentrate, 

while South Africa is expected to produce 180 kt per year of acid grade fluorspar plus 30 

ktper year metallurgical grade fluorspar including plans to produce HF and aluminium 

fluoride (Roskill, 2019).  

In the coming years the  future demand for fluorspar will highly depend on the development 

and use of fluorocarbon substitutes; considering that the use of fluorocarbon in 

refrigeration will be phased down, especially for HFCs with high GWP (F Gas Regulation EU 

517/ 2014; The Kig ali Amendment to the Montreal Protocol). Hydrofluoroolefins (HFO -

1234ze, HFO -1234yf, HFO -1233zd) and mixtures based on HFOs are considered to be the 

most likely replacement for fluorocarbons for due to their low GWP (The Chemours 

Company, 2016). Due to the  high amount of fluorine used in the manufacturing process, 

the fluorspar industry will be able to take advantage of such new developments (USGS, 

2016).  

No reliable forecast for the EU demand and supply for the next 5, 10 and  20 years have 

been obtained f rom market and industry experts ( Table 50 ).  

An expert envisioned a slight growth in global hydrofluorocarbons production and 

consumption in the short t erm; strong growth in the production and consumption of 

hydrofluoroolefins (HFOs), especially for mobile air conditioning and plastic foam blowing; 

moderate growth for fluorochemicals used for fluoroplastic and fluoroelastomer 

production; and moderate cont inuing growth for Hydrofluoric acid (HF) for downstream 

fluorochemicals production and direct uses (Imformed, 2019).  
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Table 50 : Qualitative forecast of supply and demand of fluorspar  

Materials  

Criticality of the 

material in 
2020  

Demand forecast  Supply forecast  

Yes No 5 years  10 years  20 years  5 years  
10 

years  
20 

years  

Fluorspar  x   ? ? ? ? ? ? 

 

 EU trade  

At mine stage, fluorspar is assessed in the form of fluorspar acid grade ñAGò (min. 97% 

CaF2 contained, CN8 code 25292200) and metallurgical grade ñMGò (84% CaF2 contained, 

CN8 code 25292100). Ceramic grade fluorite is not considered here.  

Quantities are given as CaF 2 content. At processing stage, the following products are 

considered: hydrogen f luoride (HF, 95% F contained, HS 281111), cryolite ( Na3AlF6, 54% 

F contained,  HS 282630 ) and aluminum fluoride (AlF 3, 68% F contained,  HS 282612). In 

the assessment, the figures of fluorspar reported in extraction stage is expressed in CaF 2 

content while f or processing stage the quantities are expressed in fluorine (F) content  

The EU wasa net importer of fluorspar at mine stage in 2012 -2016 (AG and MG). With an 

average of about 588 kt per year (CaF 2 content), the EU import is six times higher than 

EU expor t over the year 2012 -2016 (Eurostat Comext, 2019). The EU export is of fluorspar 

was estimated a t  88 kt per year.  

 

Figure 123 : EU trade flows for acid grade and metallurgical grade fluorspar 

(Eurostat, 2019a)  

The main countries from which the EU imported in the period 2012 -2016 were Mexico 

(35%), South Africa (17%), China (11%), Kenya and Namibia (9% and 8%) (see Figure 

124 ). Free Trade Agreements are in place between the EU and Mexico, South Africa and 

Namibia.  

There were several export restrictions in place between the EU and its suppliers in the 

period 2012 -2016. China imposed an export quota and export tax es on fluorspar, 

meanwhile the export quota (550 kt) ended in 2010 and the export taxes (15%) ended in 

2013 (OECD, 2019). Mongolia also imposed a fiscal tax on exports on both acid and 

metallurgical grade fluorspar.  
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Figure 124 : EU imports of acid grade and metallurgical grade Fluorspar ( left ) 

and processed Fluorspar ( right ) (Data source: Eurostat, 2019b)  

According to the data reported in Eurostat Comext (2019), only 10% of the EU processed 

fluorspar supply was imported (about 12 kt per year, in average of the period 2012 -2016). 

These imports were mainly coming from Norway (23%), United Kingdom (18%), and 

Mexico (18%). Over the year 2012 -2016, the average annual quantities of processed 

fluorspar imported to the EU were as follows:  

¶ Hydrogen fluoride "hydrofluoric acid" (HS 281111) at 4.6 kt per year of fluorine 

content (accounting 36% of import),  

¶ Sodium Hex afluoroaluminate -  synthetic cryolite (HS 282630) at 1.39 kt per year 

(12% of import),  

¶ Fluoride of aluminium (HS 282612), 5.9 kt per year of fluorine content (52% of 

share).  

The Agreement on the European Economic Area (EEA) is in place between the EU and  

Norway. China applied a 5% export tax for fluorides of aluminium (HS 282612), but it 

ended in 2014.  

The EU is a net exporter of processed fluorspar with an average export quantity of 24.8 k t  

of fluorine content per year in the period 2012 -2016.  
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Figure 125 : EU trade flows for processed fluorspar (hydrogen fluoride, 

synthetic cryolite, and fluoride of aluminium,  in F content) (Data source: 

Eurostat, 2019a)  

 

 Prices and price volatility  

The major part of fluorspar is traded on annual contracts and only small amounts are sold 

on the open market (BGS, 2011).  

Figure 126  shows the price trends of acid grade fluorspar from 2014 to 2018 in South 

Africa and China. In general, the acid -grade fluorspar price has been declining steadily in 

both countries. The decline is believed to have been due to oversupply in acid grade 

fluo rspar and increased regulation of fluorinated gases, such as refrigerants, aerosols, and 

foam -blowing agents, in Europe and North America (USGS, 2016).  

 

Figure 126 : Prices of fluorspar (US D per tonne) from 2014 to 2018 (DERA, 

201 9)  
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9.3  EU demand  

The major part of the global demand of fluorspar comes from  the production of hydrofluoric 

acid (HF) and aluminum fluoride (AlF 3). The fluorspar market is segmented into four 

applications: aluminum production, steel production, hydrofluoric acid, and others.  Acid 

grade and metallurgical grade fluorspar together account for a market share over 95% of 

the global fluorspar market at market stage (Marketwatch Press Release, 2019).  

 EU demand and consumption  

Over the years 2012 -2016, the annual ave rage EU apparent consumption of fluorspar at 

mine stage was 755 kt  per year  (CaF 2 content), equivalent to 367 kt of fluorine content, 

mainly sourced from imports. The EU imports of processed fluorspar, summing the fluorine 

content in hydrofluoric acid, aluminum fluoride AlF 3, and cryolite, were estimated at 11.6 

kt (F content).  

 Uses and end -uses of Fluorspar in the EU  

Figure 127  presents the main uses of fluorspar in the EU in the period 2012 -2016.  

 

 Figure 127 : EU  end uses of fluorspar  (SCRREEN , 2019) . Average figures for 

2012 - 2016  (Data source: Eurostat, 2019a) .  

The EU end -uses of fluorspar products are summarised as follows (Bio Intelligence Service, 

2015):  

¶ Solid fluoropolymers for cookware coating, cable insulation and membranes: Solid 

fluoropolymers is used for cookware coating and cable insulation in household 

electrical appliances, lighting industry, telecommunications, aeronautics, nuclear, 

military, fuel -cells  

¶ Refrigeration and  air conditioni ng: fluorochemicals are used for the production of 

refrigerants for refrigeration (refrigerator) and air conditioning in automobiles or 

other vehicles (military) and heat -pumps  

¶ Steel and iron making: Metspar in Iron & Steel making (internal process use)  

¶ Fluorochemicals: Used as Inorganic fluorine compounds, as well as in in the form 

of Fluoroaromatics in pharmaceutic als and agrochemicals industry and Aerosols 

(dissipative)  



209  

 

¶ Uranium hexafluoride (UF 6) in nuclear uranium fuel  

¶ Hydrogen Fluoride (HF) in alkylation process for oil refining  

¶ Aluminium making and other metallurgy: fluorspar is used for aluminum processing 

(internal process use of AlF 3 and cryolite), as well as Aqueous HF for 

pickling/etching applications (internal process use)  

The r elevant industry sectors for fluorspar application are described using the NACE sector 

codes  in Table 51 . 

Table 51 : Fluorspar applications, 2 - digit and associated 4 - digit NACE sectors, 

and value ad ded per sector (Eurostat, 2019b)  

Applications  2 - digit NACE 

sector  

4 - digit NACE sectors  Value added 

of NACE 2 

sector (Mú) 

Solid fluoropolymers 

for cookware coating 

and cable insulation  

C27 -  Manufacture 

of electrical 

equipment  

C2750 -  Manufacture of 

electric domestic 

appliances; C2740 -  

Manufacture of electric 

lighting equipment  

80,745 

Refrigeration and air 

conditioning  

C27 -  Manufacture 

of electrical 

equipment  

C2750 -  Manufacture of 

electric domestic 

appliances; C2819 -  

Manufacture of non -

domestic cooling and 

ventilation equipment;  

80,745 

Refrigeration and air 

conditioning  

C29 -  Manufacture 

of motor vehicles, 

trailers and semi -

trailers  

C2920 -  Manufacture of 

electrical and electronic 

equipment for motor 

vehicles  

160,603 

Steel and iron making  C24 -  Manufacture 

of basic metals  

C2410 -  Manufacture of 

basic iron and steel and of 

ferro -alloys  

55,426 

Fluorochemicals  C20 -  Manufacture 

of chemicals and 

chemical products  

C2011 -  Manufacture of 

other organic basic 

chemicals; C2021 -  

Manufacture of pesticides 

and other agrochemical 

products; C2029 -  

Manufacture of other 

chemical products n.e.c.  

105,514 

UF6 in nuclear 

uranium fuel  

C24 -  Manufacture 

of basic metals  

C2420 -  Processing of 

nuclear fuel  
55,426 

HF in alkylation 

process for oil refining  

C19 -  Manufacture 

of coke and refined 

petroleum 

products  

C1920 -  Manufacture of 

refined petroleum products  
17,289 

Aluminium making 

and other metallurgy  

C24 -  Manufacture 

of basic  metals  

C2420 -  Aluminium 

production; C2029 -  

Manufacture of other 

chemical products n.e.c.  

55,426 
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 Substitution  

In the following, three particular cases for substitution of fluorspar are described.  

In spite of lower performance, alternative materials for solid fluoropolymers include, (The 

Chemours Company, 2016):  

¶ Plastics  

¶ Stainless steel  

¶ Ceramics  

¶ Aluminum  

There is a major push to substitute fluorine used in many industries (especially in the air 

condition and refrigerator sector) for a more environmentally friendly option (BGS, 2011). 

These alternative materials include hydrocarbons such as propane. Due to their low GWP, 

Hydrofluoroolefins (HFO -1234ze, HFO -1234yf, HFO -1233zd), and mixtures based o n HFOs 

are considered to be the most likely replacement for fluorocarbons (The Chemours 

Company, 2016).  

In the iron and steel making sector substitutes exist , but with a loss of performance:  

¶ Calcium aluminate  

¶ Aluminum smelting dross  

9.4  Supply  

 EU supply chai n  

The flows of fluorspar  through the EU economy are demonstrated in Figure 128 . The EU 

supply chain of fluorspar includes  exploration, extraction, proc essing, manufacturing.   

¶ Exploration: Occurrences in the EU have been detected in several countries in the 

EU 

¶ Extraction stage: The EU remained very dependent on imports of fluorspar at mine 

stage, with an import reliance of 66% (average 2012 -2016). The EU  production of 

primary fluorspar over the period 2012 -2016 was estimated at 254 kt per year 

(CaF 2 content) acid grade fluorspar (World Mining Data, 2019). There is no 

production of metallurgical grade fluorspar in the EU. Between 2012 and 2016, the 

EU prod uction of fluorspar took place mainly in Spain, Germany and Bulgaria (WMD, 

2019). There was some production in France and in Italy, but both activities ceased 

in 2006. Fluorspar mine in Bulgaria was closed in early 2016, taking 

approximatively 30 kt per ye ar of EU production capacity out of the market. This 

has an impact on the EU import reliance (CRM Alliance, 2016). At Processing stage, 

the EU imports and exports several important fluorspar -based products. Between 

2012 -2016, average EU fluorspar productio n was estimated at around 84 kt/y (F 

content, derived from global trade data). Average over 2012 -2016 EU import was 

12 kt per year while the export is 25 kt per year, suggesting that the EU was a net 

exporter of processed fluorspar during this period.  
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Figure 128 : Simplified Material System Analysis diagram of fluorspar , reference 

year 2012 , EU27 and the UK (BioIntelligence, 2015)  

 

 Supply from primary materials  

9.4.2.1  Geology, resources and reserves of fluorspar  

Geological occurrence: Most fluorspar occurs as vein fillings in rocks that have been 

subjected to hydrothermal activity (BGS, 2011). These veins often contain metallic ores 

which can include sulfides of tin, silver, lead, zinc, copper and other metals. Fluorite is also 

found in  the fractures and vugs of some limestones and dolomites (BGS, 2011). Fluorite 

is a common mineral in hydrothermal and carbonate rocks worldwide.  

Global resources and reserves 85 :  Fluorspar resources are widespread globally and 

major deposits can be found on  every continent. Identified world fluorspar resources were 

approximately 500 million tonnes of contained fluorspar (USGS, 2016).  

World known reserves of fluorspar are estimated at around 310 million tonnes of CaF 2 

(USGS, 2019). Mexico has the worldôs largest fluorspar reserves, followed by China and 

South Africa.  

 

 

 

                                           
85 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria 
to deposits of fluorspar in different geographic areas of the EU or globally. The USGS collects information about 
the quantity and quality of mineral resources but does not directly measure reserves, and companies or 
governments do not directly report reserves to the USGS. Individual companies may publish regular mineral 
resource and reserve reports, but reporting is done using a variety of systems of reporting depending on the 
location of their operation, their corporate identity and stock market requirements. Translations between 
national reporting codes are possible by application of the CRIRSCO template.85, which is also consistent with 
the United Nations Framework Classification (UNFC) system. However, reserve and resource data are changing 
continuously as exploration and mining proceed and are thus influenced by market conditions and should be 
followed continuously. 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































