
OPEN ACCESS

ll
Review

Central Asia is a missing link
in analyses of critical materials
for the global clean energy transition
Roman Vakulchuk1,* and Indra Overland2

1Senior Research Fellow, Norwegian Institute of International Affairs (NUPI), C.J. Hambros Plass 2D, Postboks 7024 St. Olavs Plass, 0130
Oslo, Norway
2Head of Center for Energy Research, Norwegian Institute of International Affairs (NUPI), C.J. Hambros Plass 2D, Postboks 7024 St. Olavs
Plass, 0130 Oslo, Norway
*Correspondence: rva@nupi.no
https://doi.org/10.1016/j.oneear.2021.11.012

SUMMARY

The energy transition is causing a surge in demand for minerals for clean energy technologies, giving rise to
concerns about the sources and security of supplies of critical materials. Although Central Asia was one of
the Soviet Union’s main sources of metals and industrial minerals, it has been forgotten in contemporary
global critical materials analyses. Here we review the Central Asian mineral resource base and assess its cur-
rent and potential contributions to global supply chains. We find that the importance of Central Asia lies
mainly in the diversity of itsmineral base, which includesmineable reserves ofmost critical materials for clean
energy applications. This renders the region important in mineral economics, security of supply, and geopo-
litical perspectives alike. In sum, Central Asia is likely to become a new hotspot for mineral extraction and a
major global supplier of selected critical materials for clean energy technologies.
INTRODUCTION

As theworld transitions from fossil fuels to renewable energy, the

global critical materials landscape will also be transformed. Con-

cerns over security of supply of oil and gas and bottlenecks such

as the Straits of Hormuz and Russian natural gas pipelines are

likely to recede from attention, while new bottlenecks may

appear in the supply chains of scarce minerals and metals

essential for clean energy technologies. According to the Inter-

national Energy Agency (IEA), reaching the 2�C goal of the Paris

Agreement will require ‘‘a quadrupling of mineral requirements

for clean energy technologies by 2040. An even faster transition,

to reach net-zero globally by 2050, would require six times more

mineral inputs in 2040 than today.’’1–3 Along the same lines, the

World Bank finds that if the number of EVs reaches 140 million in

2030, this will lead to a 1,000% increase in total demand for

aluminum, cobalt, iron, lead, lithium, manganese, and nickel.2

The extraction of someminerals is concentrated in a few coun-

tries. This can result in dependencies between producers and im-

porters and may also lead to unsustainable mining practices and

conflict.Amuch-citedexampleof such risks is theDemocraticRe-

public of Congo (DRC), which has the world’s largest reserves of

cobalt andChina as itsmainbuyer.4–6 Similarly, lithiumproduction

is concentrated in Australia, China, Zimbabwe, and the so-called

Lithium Triangle, which includes Argentina, Bolivia, and Chile.7,8

Since the 1990s, China has taken up a dominant position in

global critical materials supply chains.9–11 In 2010, it imposed an

embargo on critical materials exports to Japan amidst a flare-up

in tensions between the two countries over disputed islands.12

Although this incident increased awareness among other coun-
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tries of the need to diversify production of critical materials, China

remains thestrongestplayer in theglobal criticalmaterialsarena.A

special report of the journal Foreign Policy argued that Beijing’s

dominance in the global criticalminerals sector has ‘‘serious impli-

cations’’ for United States national security.13

While much of the critical materials literature focuses on

China, the neighboring region of Central Asia has received

much less attention. Due to its resource wealth and strategic

location, Central Asia has been regarded as the object of a

‘‘Great Game,’’ an analytical concept that originated in the 19th

century and involves geopolitical competition among great

powers for political influence and resources in the region.14–25

Since the collapse of the Soviet Union in 1991, Central Asia’s

main role in the world economy has been as a source of raw ma-

terials, above all oil and gas. The importance of the fossil fuel

trade—both to the Central Asian exporters and to their cus-

tomers—has been stressed so often that it is taken for granted

in the literature on the region.26–30 However, assumptions about

the long-term importance of Central Asia’s fossil fuels may be

unwarranted. Demand could be peaking as both Western and

Eastern markets seek to decarbonize and, consequently, there

is a growing risk that Central Asian oil and gas resources become

stranded assets.31,32 While the region’s fossil fuel resources are

becoming less important to the world,33 growing demand for

materials for clean energy technologies could rekindle geopolit-

ical interest in the region.

A global shift from fossil fuels to critical materials may lead to

new economic activity and trigger new geopolitical interest in

Central Asia. While the energy transition is expected to curb

demand for fossil fuels, it is also expected to lead to
d by Elsevier Inc.
commons.org/licenses/by/4.0/).
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Table 1. Critical materials used for clean energy technologies

Solar power EVs/storage Wind power Projected demand growth (%) Base year Target year

Bauxite and aluminum 3 3 3 1,000 2017 2030

Copper 3 3 3 1,200 2020 2025

Iron 3 3 3 1,000 2017 2030

Lead 3 3 3 1,000 2017 2030

Dysprosium (rare earth) 3 3 260 2020 2030

Manganese 3 3 1,000 2017 2030

Neodymium (rare earth) 3 3 300 2020 2040

Nickel 3 3 1,000 2017 2030

Silicon 3 3 46 2020 2027

Zinc 3 3 250 2017 2050

Cadmium 3 700 2021 2040

Chromium 3 122 2020 2050

Cobalt 3 1,000 2017 2030

Gallium 3 2 2019 2050

Germanium 3 8,600 2018 2050

Graphite 3 500 2020 2050

Indium 3 341 2020 2050

Lithium 3 1,000 2017 2030

Molybdenum 3 240 2017 2050

Praseodymium (rare earth) 3 185 2020 2030

Selenium 3 11 2019 2050

Silver 3 52 2019 2050

Tellurium 3 75 2019 2050

Tin 3 a

Titanium 3 40 2020 2050

Sources of data: International Energy Agency,1 World Bank,2 Church and Crawford,45 International Renewable Energy Agency,50 Dominish et al.,51

Hund et al.,52 Alves Dias et al.,53 Kollmeyer,54 Intrado,55 International Tin Association,56 Carrara et al.57

aNo exact estimates available, but growth predicted.
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exponentially rising demand for minerals and metals for clean en-

ergy technologies.34,35 Demand for manymaterials is expected to

rise by more than 1,000% during the 2020s and 2030s, and it has

been estimated that demand for germanium will grow by 8,600%

by 2050 (see Table 1). Given such developments, Central Asia’s

critical materials endowment may partially substitute for declining

demand for the region’s hydrocarbons. As Baurzhan Aitkulov, the

head of mining projects at Kazakhstan’s main investment agency,

Kazakh Invest, noted: ‘‘lithium can soon become a second oil for

Kazakhstan.’’36

Given the importance of critical materials to the energy transi-

tion, it is problematic that the existing literature has so far limited

itself to the best-known existing producers and consumers of

critical materials. Central Asia is mentioned only in two academic

publications out of 42 as a potential geopolitical hotspot for crit-

ical minerals (see the section below ‘‘geography of the critical

materials literature’’). This review therefore contributes to

research on critical materials for clean energy by assessing the

potential role of Central Asia. This land-locked region comprises

the post-Soviet republics of Kazakhstan, Kyrgyzstan, Tajikistan,

Turkmenistan, and Uzbekistan.

This review addresses the following questions. What role

can Central Asia play in the global supply of critical materials

for clean energy technologies? And what roles do Central
Asian mineral resources play in the strategic positioning of

great powers on critical materials? To answer these ques-

tions, we review the mineral resource base of Central Asia;

assess the region’s reserves and current and potential contri-

butions to the global supply of critical materials; examine the

region’s exports of selected minerals and major companies

and external states involved in critical materials production

in Central Asia; and examine global inventories of critical

materials to identify Central Asia’s role in global supply

chains. Through these steps, we close the existing knowl-

edge gap in the assessment of Central Asia’s current and

potential critical mineral resources. We find that Central

Asia could become a new hotspot for mineral exploitation

and one of the major global suppliers of selected critical

materials but that this would, however, carry multiple socioen-

vironmental risks for the region. The article’s main contribu-

tions are twofold. First, by examining a region that has been

neglected by the existing literature, we contribute to

the body of knowledge on the geopolitics of critical materials

for clean energy applications. Second, as China shares

a 3,300-km border with Central Asia and invests heavily in

the region, the article also contributes to the debate on

China’s global domination of the critical materials supply

chain.37–42
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THE USES AND CRITICALITY OF MINERAL RESOURCES

Critical materials at a general level can be defined as ‘‘raw mate-

rials for which there are no viable substitutes with current tech-

nologies, which most consumer countries are dependent on im-

porting, and whose supply is dominated by one or a few

producers.’’43 However, the topic of this article is not critical ma-

terials in general but critical materials specifically for clean en-

ergy technologies. Accordingly, the definition of Lee et al. is

more appropriate for our purposes: ‘‘materials that have proven

valuable in supporting the development of low-carbon technol-

ogy.’’44 Four technologies are expected to play particularly

important roles in the energy transition and depend on specific

materials: solar panels, wind turbines, electric vehicles (EVs),

and grid-scale batteries.45

While the European Union (EU), the USGeological Survey, and

other entities have published lists of critical materials, they cover

critical materials in general and not critical materials specifically

for clean energy technologies.46,47 For example, the EU’s critical

materials list includes coking coal.46 For the assessment of the

Central Asian critical materials resource base, we therefore use

a list of materials that are considered critical for the production

of clean energy technologies. The list was compiled by the Inter-

national Institute for Sustainable Development (IISD) and is pre-

sented in Table 1.45 While there is no perfect methodology and

several different standards and indicators can be used to assess

criticality,48,49 the IISD taxonomy is widely accepted and used by

scholars and practitioners alike, including the International

Renewable Energy Agency,50 the European Commission, and

31 academic articles.44

Table1 lists the typesofcriticalmaterials thatgo into theproduc-

tion of solar, wind, EVs, and storage technologies and that are

therefore expected to experience steepdemandgrowth. Solar en-

ergy applications require significant inputs of aluminum, copper,

nickel, tellurium, silver, zinc, and other critical materials. Wind tur-

bines use chromium, cobalt, copper, manganese, molybdenum,

and zinc. EVs and energy storage systems require copper, cobalt,

lithium, manganese, nickel, and titanium inputs. Some elements

are used in all four technology types—for example aluminum, cop-

per, iron, and lead. Other elements are only used for one technol-

ogy—for instance chromium is mainly needed for wind turbines.

Some metals are used in combination. For example, a variety of

combinations are used in EV batteries: lithium-cobalt oxide,

nickel-cobalt-manganese, and lithium-iron phosphate.44

Data sources
Obtaining reliable data and statistical information on Central Asia

is a serious challenge.58 We draw on two datasets compiled for

the purpose of this article. These datasets contain detailed infor-

mation on: (1) geological potential and proven reserves by coun-

try; (2) current production by country and its share in the global

supply and export trends; and (3) production sites and deposits

and company ownership.

The first dataset is based on data from the ministries of natural

resources of the Central Asian countries, the British Geological

Survey, US Geological Survey, Statista, World Mining Data,

reports of the Extractive Industries Transparency Initiative, and

Soviet and national geological encyclopedias.59 The second

dataset covers 365 mining sites in Central Asia and is based
1680 One Earth 4, December 17, 2021
on a broad range of sources, including news media, mining

company websites, official government catalogs, and mineral

maps.60 It is not possible to obtain reliable and accurate data

on Turkmenistan, and it therefore had to be excluded from our

analysis. This means that our estimates of the Central Asian

resource base are on the low side and we are in practice erring

on the side of caution, as one of the five Central Asian countries

is missing from our data.

STOCKTAKING OF CRITICAL MATERIALS IN
CENTRAL ASIA

Geological potential
In assessing Central Asia’s geological potential, we use the defi-

nition formulated by Taylor and Steven: ‘‘high mineral resource

potential is deemed to exist where geologic, geochemical, and

geophysical characteristics favorable for resource accumulation

are known to be present.’’61

Figure 1 shows the geological potential in Central Asia of 22

critical materials from the IISD taxonomy. Germanium, gallium,

indium, tellurium, and graphite are present in only one Central

Asian country; all other elements are found in multiple coun-

tries. ‘‘Low’’ potential in the Taylor and Steven system does

not mean that a mineral is not present in sufficient quantities

to be mined.61 For instance, the potential of Uzbekistan’s

graphite reserves is classified as low, yet they are already being

mined actively.

In Kazakhstan, 16 out of 22 critical materials have high

geological potential, which means that it is a key source coun-

try for materials for clean energy technologies in the region. Uz-

bekistan is the second most endowed country, while Tajikistan

and Kyrgyzstan have high potential for selected critical ma-

terials.

Proven reserves and production
The proven reserves of criticalmaterials in theCentral Asian coun-

tries vary substantially. Table 2 summarizes the total volume of

proven reserves by country and the total volume for Central

Asia. Central Asia holds 38.6%of globalmanganese ore reserves,

30.07% of chromium, 20% of lead, 12.6% of zinc, 8.7% of tita-

nium, 5.8% of aluminum, 5.3% of copper, 5.3% of cobalt, and

5.2% of molybdenum. All these critical materials are used across

a wide range of clean energy technologies (Table 1). The Central

Asian countries are also already among the top 20 global pro-

ducers of many critical materials (Table 3).

In terms of individual countries, Kazakhstan has the world’s

largest reserves and is the second-largest producer of chromium

(Tables 2 and 3), which is used in wind turbines. The country’s

reserves are estimated at 230million metric tons, while global re-

serves amount to 570 million metric tons.62 Kazakhstan has the

world’s fifth largest zinc reserves and eighth largest ore reserves,

and is one of the top 20 countries in terms of proven copper, cad-

mium, and bauxite reserves. Reserves of some elements, such

as lithium, require further geological exploration in Kazakhstan,

as the existing data were collected during the Soviet period

and remain incomplete.36

Uzbekistan has the world’s 11th largest proven copper re-

serves, as well as deposits of silver, molybdenum, selenium, cad-

mium, and lithium that are suitable for large-scale mining.



Figure 1. Resource potential of 22 critical materials in Central Asia
This figure shows the geological potential of each critical material by country in Central Asia. The critical materials not included here require further geological
exploration. Classification according to Taylor and Steven.61 Source of data: Vakulchuk and Overland.59
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Tajikistan is one of the top 20 countries in terms of proven re-

serves of zinc, and also has vast reserves of aluminum, silver,

copper, zinc, and lead. Although Kyrgyzstan’s mineral resources

are modest compared with those of its neighbors, it still has mod-

erate to high geological potential for large-scale mining of nine

critical materials for clean energy technologies (Figure 1). Ad-

dressing the first question raised in the introduction, we can argue

that theCentral Asian region is equipped to play amore prominent

role in the global supply of critical materials for decarbonization

than it currently does. Accordingly, it also merits greater attention

from the critical materials’ scholarly community.

Some of the mineral reserve numbers may not look that

impressive. For example, Central Asia holds 1.2%of global silver

reserves. However, many of these minerals are spread among

many countries in the world, 1.2% of global reserves is more

than enough for substantial production, and all four Central Asian

countries covered here are significant silver producers. Further-

more, Table 3 shows that Kazakhstan and Uzbekistan are

already among the world’s main producers of some minerals.

Kazakhstan’s output is particularly significant, putting the coun-

try among the ten main producers of eight minerals by volume.

Tajikistan, and to a lesser extent Kyrgyzstan, also have signifi-

cant production volumes of selected minerals.

Finally, an important characteristic of Central Asia’s mineral

resource base is its diversity, as shown in Tables 2 and 3.

Although the region holds insufficient quantities of some min-

erals to dominate global output, the broad range of minerals

available makes the region potentially important as a source of

critical metals for global markets. In other words, a major indus-

trial power with access to Central Asia’s mineral reserves will be

able to cover many of its needs for the production of clean en-
ergy technologies. This is especially relevant for China, which

has a 3,300-km border with the region, including direct borders

with three of the Central Asian countries. Despite rapidly rising

military spending, China still has a weaker navy than the major

Western powers and has paradoxically remained dependent

on the United States for the security of its oil imports from the

Middle East. Importing a broad range of critical materials from

a land-locked region with which it shares a long, direct border

would thus improve China’s security of supply of critical mate-

rials for clean energy applications, in which it is already success-

fully vying for a central position as the world’s largest producer of

photovoltaic solar panels, wind turbines, and other equipment.

CENTRAL ASIAN CRITICAL MATERIALS GEOLOGY AND
MINING

Kazakhstan
According to our data, there is a total of 233 mineral production

sites and deposits in Kazakhstan (Table 4). Of these, 151 belong

to local companies, some state-owned, others private. The

largest is the state-owned company Saryarka. The largest de-

posits are mined by three corporations, jointly owned by local

and foreign investors: Eurasian Resources Group (ERG), Ka-

zakhmys Corporation, and Kazzinc. The largest of these com-

panies is ERG, which controlled one-third of the total mining

and metals production in the country in 2020. It is the world’s

largest high-carbon ferrochrome producer and one of the largest

producers of aluminum, iron ore, copper, and cobalt in the

former Soviet Union.63 Companies domiciled outside

Kazakhstan have full ownership of the development licenses

for 11 deposits.
One Earth 4, December 17, 2021 1681



Table 2. Proven reserves of critical materials by country (metric tons) and total share of global reserves (%)

Critical material Kazakhstan Kyrgyzstan Tajikistan Uzbekistan

Proven reserves in

Central Asia

Central Asia’s share

of global reserves (%)

Manganese 681,342,741 48,816 270,000,000 173,000 951,564,557 38.6

Chromium (ore and

concentrate)

230,000,000 390,000 0 0 230,390,000 30.07

Lead 15,473,215 41,000 10,000,000 413,000 25,927,215 20

Zinc 31,436,736 24,000 10,000,000 4,549,000 46,009,736 12.6

Titanium 45,608,070 0 0 350,000,000 395,608,070 8.7

Aluminum/bauxite 309,885,594 42,101,000 1,000,000,000 12,700 1,351,999,294 5.8

Copper 38,582,964 640,000 150,000 741,200 40,114,164 5.3

Cobalt 208,121 373 0 645 20,9139 5.3

Molybdenum 713,827 2,523 0 139,000 855,350 5.2

Iron ore 19,885,503,100 549,000 500,000,000 22,000,000 20,408,052,100 4.8

Nickel 118,000 0 0 3,700 121,700 1.2

Silver (kg) 48,153 672 60,000 37,700 146,525 1.2

Tin 192,375 186,761 45,000 9,500 433,636 0.9

Lithium 50,000 13,923 0 8,334 72,257 0.4

Graphite 488,400 272,215 0 7,600,000 8,360,615 0.3

Silicon 5,090,000 0 0 12,000 5,102,000 0.01

Tellurium 0 1,524.5 0 1,098 2,622.5 0.01

Selenium (refined) – 2.7 – – 2.7 a

Cadmium 85,233 353.6 – – 85,586.6 a

Gallium – – – – – a

Germanium 4,372 – – 180 4,552 a

Indium – 2,617 – – 2,617 a

Source: Vakulchuk and Overland.59

aAs data are missing for these minerals in these countries, shares of global reserves cannot be calculated.
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Kyrgyzstan
As of July 2021, Kyrgyzstan has 43 officially registered critical

material deposits andmining sites. Of these, 23 belong to foreign

firms and 20 to local companies (Table 4). The largest number of

foreign companies is domiciled in China, holding operating li-

censes for nine production sites; Russia and Cyprus-based

companies own two each.

In January 2021, four mining sites were fully operational: Kum-

tor, Bozymchak, Karakazyk, and Taldybulak Levoberezhnyi.

Kumtor, the largest mining deposit—where silver is an accompa-

nying mineral to gold—is jointly owned by the Canadian com-

pany Centerra Gold (74% of shares) and the local company

Kyrgyzaltyn (26% of shares). The Karakazyk and Taldybulak

Levoberezhnyi deposits are both being developed by Chinese

companies. Finally, Bozymchak is a copper deposit controlled

by the Kazakh-Singaporean company KAZ Minerals.

In 2019–2020, political turmoil and a wave of protests in

Kyrgyzstan forced several companies to suspend mining opera-

tions. For instance, KAZ Minerals Kyrgyzstan temporarily closed

its copper mine in October 2020 following post-election unrest.

Since 2010, Kyrgyzstan has experienced regular protests at min-

ing sites related towater contamination and environmental pollu-

tion from mining operations, as well as controversies related to

mine ownership and licensing arrangements.64 These protests

have often targeted mines operated by Chinese companies

and had an anti-Chinese element.
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Tajikistan
We identified 17 mining deposits and production sites in

Tajikistan (Table 4). The country’s largest company of any

kind, Tajik Aluminum Company (TALCO), is one of the world’s

largest aluminum producers. China is the main country where

foreign companies operating in Tajikistan are domiciled, and its

companies own eight large production sites in Tajikistan. Two

particularly large Chinese companies involved in critical minerals

extraction in Tajikistan are the Chinese-Tajik Mining Company

and Zeravshan. The former is the largest enterprise extracting

and processing lead and zinc in Tajikistan and is one of the flag-

ship projects of the Belt and Road Initiative (BRI) in Central Asia.

Another foreign company is based in the United Kingdom and

owns 49% of the shares in the Tajik state company Aprelevka.

Uzbekistan
We identified 71 mineral deposits in Uzbekistan (Table 4). Only

16 of them are actively mined and they are controlled by state

companies. Two enterprises—Almalyk Mining and Metallurgical

Complex and Navoi Mining and Metallurgical Combine—are the

main producers of critical materials. As of 2021, three deposits in

Uzbekistan are being developed by foreign companies. The re-

maining 52 deposits are state-owned but have been offered to

investors since President Shavkat Mirziyoyev came to power in

2016 and Uzbekistan opened up after 25 years under the auto-

cratic rule of former president Islam Karimov.



Table 3. Production of critical materials in Central Asia, 2019

Critical material

Global production

(metric tons)

Annual domestic production

(metric tons)

Share of global

production (%)

Global production

rank

Central Asia

Chromium 407,89,986 5,191,920 12.73 2

Cadmium 25,578 1,573 6.15 2

Selenium 3,832 150 3.91 6

Zinc 12,444,207 710,253 5.71 6

Lead 4,767,954 88,500 2.47 7

Silver 26,261 1,307.7 4.98 7

Copper 20,613,942 883,554 4.29 7

Bauxite 325,998,326 6,104,200 1.87 8

Tellurium 524 48 9.16 8

Manganese 52,968,203 1,674,145 3.16 9

Iron 2,922,511,686 32,670,543 1.12 11

Molybdenum 276,097 750 0.27 11

Rhenium N/A 900 5.8 11

Aluminum 125,800,000 365,700 0.57 22

Titanium 10,122,351 13,712 0.14 24

Kazakhstan

Chromium 40,789,986 5,191,920 12.73 2

Cadmium 25,578 1,273 4.98 5

Selenium 3,832 130 3.39 7

Bauxitea 325,998,326 6,104,200 1.87 8

Zinc 12,444,207 491,253 3.95 8

Lead 4,767,954 115,956 2.43 9

Manganese 52,968,203 1,674,145 3.16 9

Silver 26,261 102.2 3.89 10

Copper 20,613,942 737,854 3.58 11

Iron 2,922,511,686 32,670,543 1.12 11

Titanium 10,122,351 13,712 0.14 24

Aluminum 62,900,000 255,751 0.41 26

Kyrgyzstan

Silver 26,261 14.5 0.055 39

Copper 20,613,942 7,200 0.03 47

Tajikistan

Lead 4,767,954 86,500 1.81 14

Zinc 12,444,207 192,000 1.54 21

Aluminum 62,900,000 100,800 0.16 33

Silver 26,261 11,1 0.42 48

Copper 20,613,942 38,500 0.19 50

Uzbekistan

Tellurium 524 48 9.16 8

Molybdenum 276,097 750 0.27 11

Rhenium n/a 900 5.8 11

Cadmium 25,578 300 1.17 14

Selenium 3,832 20 0.52 16

Copper 20,613,942 100,000 0.49 22

Zinc 12,444,207 27,000 0.22 31

(Continued on next page)
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Table 3. Continued

Critical material

Global production

(metric tons)

Annual domestic production

(metric tons)

Share of global

production (%)

Global production

rank

Silver 26,261 260 0.99 33

Lead 4,767,954 2,000 0.04 41

Source: Vakulchuk and Overland.59

aUnlike some countries, Kazakhstan publishes official statistical data on aluminum and bauxite separately.
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Export markets for Central Asian minerals
Chinese companies already dominate critical materials extrac-

tion in Kyrgyzstan (nine companies) and Tajikistan (eight com-

panies) where they own the majority of licenses. Uzbekistan is

a relatively new player in the global critical materials sector.

Only after President Shavkat Mirziyoyev came to power in

2016 did the country’s mineral deposits become accessible to

foreign investors. However, Uzbekistan has the potential to

become a leading regional exporter of critical materials for clean

energy technologies in the near future.

In Kazakhstan, the sector is dominated by domestic com-

panies, many of which are nominally private but partly owned

by the government. However, China is the main export destina-

tion of most of Kazakhstan’s critical materials output. While the

EU and the United States are not among the main importers,

Russia plays a notable role. Due to historical ties, Russia was

the main importer of minerals from Central Asia in the 1990s

and the 2000s, before China took over this role after 2010.

Thus, although Chinese companies fully own only three pro-

duction sites in Kazakhstan—fewer than they own in

Kyrgyzstan and Tajikistan—China greatly increased its imports

of Kazakhstani zinc, lead, copper, and other minerals after

2017 (Figures 2B–2D). The imports of molybdenum alone

(used in the production of wind turbines) from Kazakhstan to

China had grown by 444% in 2020 compared with the level

of 2017 (Figure 2A).

China’s involvement in the Central Asian critical materials

sector involves a two-way relationship. On the one hand, China

is becoming heavily involved in Central Asian infrastructure,

business, and employment. Around the year 2000, few people

envisaged that China would come to play such an important

role in Central Asia as it has. On the other hand, Central Asia is

quietly becoming more important to China. Although Southeast

Asia, Western Africa, and Australia remain the largest suppliers

of critical materials to China, Central Asia’s share in the supply

of selected critical materials has been rising rapidly since

2015.65 Kazakhstan alone became the second-largest exporter

of chromium to China after South Africa in 2019.66 Similarly,

Kazakhstan improved its position as a zinc exporter to China

from number 18 in 2015 to number 11 in 2019. In 2015,

Kazakhstan did not export any nickel to China, but already in

2019 it was ranked as China’s 11th largest nickel supplier.65

The nickel and cobalt that China imports from Central Asia are

used in the production of lithium-ion batteries.67 Central Asia’s

zinc, lead, molybdenum, and other critical materials are also

used as inputs in the production of solar and wind power tech-

nologies in China. Given the rapidly growing Chinese demand

for critical materials, the lack of competition in Central Asia

from other investors and buyers, and the region’s convenient

and secure location for exports to China, Central Asian mineral
1684 One Earth 4, December 17, 2021
exports to China will continue to grow. Along with themineral ex-

ports, the economic and political importance of Central Asia to

China is also likely to grow.

According to the IEA, revenues from the production of critical

materials for clean energy applications will overtake those from

coal production well before 2040.1 Taking this trend into ac-

count, critical material exports could supplement and partly

replace Central Asia’s role as a supplier of oil and gas to interna-

tional markets. Kazakhstan is the largest oil and gas exporter in

Central Asia. In 2020, 73% of its total exports were oil and gas

products. Ferrous metals, copper, aluminum, zinc, uranium,

and other minerals constituted more than 20% of the remaining

exports.69 In terms of their economic value, critical materials ex-

ports are already becoming more competitive with hydrocar-

bons. Kazakhstani natural gas and copper exports in 2020 can

serve as an example. For both exports, China was the largest

buyer, importing natural gas worth US $0.9 billion, and copper

worth US $1 billion.

In Tajikistan, critical materials made up 37% of total exports in

2019 (15% aluminum; 11.5% zinc ores and concentrates; 10.5%

lead ores and concentrates).70 For Uzbekistan, critical materials

made up more than 11% of total exports. Copper and zinc were

the fourth and ninth largest export items, respectively, with China

and Russia as the main importers. Although Kyrgyz gold mining

alone still contributes more than 50% of total exports and gold is

not classified as a critical material for clean energy technologies,

critical materials made up 10% of Kyrgyz exports in 2019.

GEOGRAPHY OF THE CRITICAL MATERIALS
LITERATURE

Although the five Central Asian countries were among the main

sources of metals and industrial minerals for the Soviet Union,

we find that they are hardly mentioned in the literature on the

geopolitics of critical materials. We searched the academic liter-

ature in the Crossref, Scopus, and Web of Science databases

using the following search string: ‘‘geopolitic* AND energy AND

(‘‘critical materials’’ OR minerals OR ‘‘rare earths’’) AND country

name.’’ The search was limited to the 2009–2021 period, as it

was after 2009 that adoption of clean energy technologies accel-

erated.12 As a result of the search, we identified and analyzed 42

relevant publications (Table S1).

Figure 3 shows which countries are highlighted in the literature

as important current or future locations for mining critical mate-

rials for clean energy technologies. We found 227 instances of a

country or region being mentioned as important in the 42 publi-

cations. Kazakhstan was the only one of the Central Asian states

that was mentioned, and that was only in two publications.71,72

The other Central Asian states were notmentioned at all. Another

two studies mention significant quantities of critical materials



Table 4. Domiciles of mining companies operating in Central Asia

Company domicile/name Minerals Deposits

Companies

operating

in Kazakhstan

Kazakhstana 151

Saryarka Cu, Fe, Mn, Mo, Ni, Co 14

Dzharkulskoe Fe 5

Arman Mn 4

Nadezhdinskoe Fe 3

Tau-Ken Samruk Cu, Fe, Mo, W 3

Other small local companies other minerals (see Figure 2) 122

Multinational 30

Kazakhmys Corporation and KAZ Minerals (Kazakhstan, Singapore, UK)

Kazakhmys Cu, Zn 25

KazMinerals Plc Bozshakol Cu 1

Idygey Project Cu 1

Itauyz Project Cu 1

Tamdy-Sainbulak Project Cu 1

Kazakhmys and Central Asia Metals Cu 1

Eurasian Resource Group (multinational) 28

TNC Kazchrome Cr, Mn, Si-Mn 11

Aluminum of Kazakhstan Al, Ga 10

SSGPO Fe 6

Kazakhstan Aluminum Smelter Al 1

Kazzinc (Kazakhstan, Switzerland) 13

Kazzinc Cu, Pb, Zn, Cd, Ag, Se, Te, In 8

Zhairem GOK (subsidiary of Kazzinc) Cu, Mn 5

Russia Cu, Zn, Pb 5

China Fe, Al, Cu 3

Belgium Ti 1

Turkey Cr 1

UK Cu 1

Operating in

Kyrgyzstan

Kyrgyzstan (own licenses but mining not started yet) see minerals in Figure 1 20

China 9

Kaidi/Tianyong Mining Development Cu, Pb, Ag, Zn 3

Central Asian Tin Company Sn 2

Superb Pacific Ltd Cu, Ag 1

Kunshen Gornoprom Pb, Zn 1

Kichi-Chaarat Cu, Ag 1

Noeliya Group Co 1

British Virgin Islands Cu, Pb, Ag 3

Cyprus Ag, Fe 2

Russia 2

Production Association Computer Engineering

and Means of Automation

Mn 1

BainGeo C 1

Bailiwick of Jersey Ag 2

South Korea Li 1

UK Mo 1

Cayman Islands Al 1

Canada (Centerra Gold Kumtor) Ag 1

Singapore and Kazakhstan (KazMinerals) Cu, Ag 1

(Continued on next page)
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Table 4. Continued

Company domicile/name Minerals Deposits

Operating in

Tajikistan

Tajikistana 10

Aprelevka (Tajikistan and the UK) Ag 1

Other companies Al, Ag, Zn, Pb, Fe 9

Chinese majority ownership 8

Tajik-Chinese Mining Company and

Tibet Summit Industry Co.

Ag, Zn, Pb, Cu 5

China Global New Technology Import

and Export

Zn 1

Broadtec Investment Sn 1

Zeravshan (70%/30% owned by

Zijing Mining/Tajik government)

Ag 1

Operating in

Uzbekistan

Uzbekistan 16

Stock Company Almalyk Mining and

Metallurgical Complex (AMMC)

Cu, Ag, Pb, Mo, Te, Zn 8

Navoi Mining and Metallurgical Combine Al, Co, Cu, C, Mn, Mo, Ni, Ag, Zn, U 5

State Committee of Geology and

Mineral Resources of Uzbekistan

Pb, Li 3

China Pb 1

Russia Li 1

British Virgin Islands Pb 1

recently opened to both domestic

and foreign investors

all high/moderate geological potential (Figure 2) 52

Source: 60

aCompanies majority owned by the state.
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found in the countries of the former Soviet Union, without spec-

ifying which countries.73,74 None of the publications discuss how

growing critical materials exports from the region could affect the

economies of the Central Asian states by generating new reve-

nues or causing new forms of dependency/resource curse.

The lack of attention to Central Asia is surprising, given that

Kazakhstan alone is comparable in size to Western Europe and

has one of the world’s richest andmost diverse mineral resource

bases. Out of 110 elements in the periodic table, 99 are present

in Kazakhstan.75Moreover, Central Asia holds a significant share

of global reserves of critical materials such as chromium, man-

ganese, lead, zinc, titanium, aluminum/bauxite, copper, cobalt,

molybdenum, and iron ore (Table 2).

The EU and the United States do not yet consider Central Asia

a strategic region for critical materials for clean energy technol-

ogies.76–78 Except for Lithuania, none of the EU states is among

the top five largest importers of critical materials from the Central

Asian countries. The EU’s Central Asia Strategy of 2019, the

main strategic policy document shaping the relations between

the EU and Central Asia, makes no mention of critical materials

as an area of joint work.78 However, individual Central Asian

countries are referred to with respect to reserves of particular

critical materials in reports funded by the European Commis-

sion.79 Still, the EU already imports some critical materials for

clean energy technologies from Kazakhstan. In 2019, Kazakh-

stan’s share in the EU’s supply of chromium was 16%, cadmium

7%, and titanium 7%.46 The EU’s total imports, however, are still

much lower than those of China and other countries. Moreover,

the EU also imports large quantities of some minerals used in
1686 One Earth 4, December 17, 2021
other industries from Kazakhstan (Kazakhstan is the largest sup-

plier of phosphorus to the EU, accounting for 72% of EU sup-

plies;46 phosphorus, however, is not on the list of critical minerals

for clean energy technologies), and thus it could build on this

minerals trade and consider importing more critical materials

for clean energy technologies from Kazakhstan and other coun-

tries of Central Asia.46

As for China, its growing demand for resources triggered the

Chinese government’s adoption in 2000 of the Going Out

Strategy.80 This strategy enabled the extension of overseas

foreign direct investment to critical materials in Africa and

Asia. The BRI has also facilitated large-scale Chinese expan-

sion into international mining markets, especially in Central

Asia. In the 2010s, BRI projects in Central Asia were mainly

focused on resource extraction.20,21,106,107,108 By 2021, China

had become the largest importer of critical materials from

Central Asia.

DISCUSSION

Market potential of selected critical materials
Central Asia is both a mature geological province with some

infrastructure in place and a region where significant exploration

remains to be done. Yet it remains largely unknown to the clean

technology community, which focuses on Argentina, Australia,

Bolivia, Chile, China, the DRC, and the United States. The

Central Asian geological potential and proven reserves of cop-

per, silver, zinc, aluminum/bauxite, iron ore, lead, tin, cadmium,

selenium, manganese, molybdenum, chromium, and titanium
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Figure 2. Growth of Chinese imports from Kazakhstan, 2017–2020
(A–D) Changes in China’s imports of selected critical materials from Kazakhstan from 2017 to 2020. (A) Molybdenum; (B) zinc; (C) lead; (D) copper.
Source: 68
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can make the region an important global market player. As of

2021, none of these minerals had reached their production

peak in any of the Central Asian countries.

According to IEA, ‘‘today’s supply and investment plans for

many critical minerals fall well short of what is needed to support

an accelerated deployment of solar panels, wind turbines and

electric vehicles.’’1 Central Asia’s role will likely become more

visible as the global demand for critical minerals continues to

grow. In 2020, the government of Kazakhstan announced that

lithium mining will be prioritized over the next 5 years to ride

the wave of global demand for EVs.36

Estimates indicate potential shortages of most of the minerals

included in the IISD list of critical materials for clean energy ap-

plications.2,81–85 Copper is needed for wind turbines, grid inter-

connections and EVs. It has been estimated that the demand

for copper for EVs may grow 12 times by 2025 and that there

will be a global copper deficit by 2030.54 The global zinc market

faced a deficit of 305,000metric tons in 2018 and 189,000metric

tons in 2019.

As demand for materials increasingly outstrips supply, Cen-

tral Asia may be the first port of call for China. There are

already signs of this. In 2020, the depletion of copper reserves

started looming in China and in the DRC, both of which are

among the world’s leading copper producers. The reserves-

to-production ratios indicate that China has 16 years of cop-

per production left, while the DRC has 14 years.86 This has

stimulated increased Chinese interest in Kazakhstan, given

the latter’s developed copper mining infrastructure and the

easy access via the 1,780-km shared border between the

two countries. By 2019, China was already Kazakhstan’s
largest copper importer, increasing its imports by 70%

compared to 2018. Exploration may unearth further reserves

in China, the DRC, and elsewhere in the world, but lead times

from exploration to production are long and uncertain for min-

ing projects.1,87–89

Risk factors
Central Asia’s known reserves of critical materials are significant.

China is the largest investor in and importer of critical materials

from the region. It owns the majority of production and operating

licenses in Kyrgyzstan and Tajikistan and is in the process of

further raising its stakes. Uzbekistan’s critical materials endow-

ment and recent opening up to foreign investment also make it

a potentially significant player along with Kazakhstan. China en-

joys excellent relations with Uzbekistan.

However, the Central Asian countries and their external

partners face several risks. The first risk factor is aging mining

infrastructure. All the Central Asian countries rely on infra-

structural legacies from the Soviet period, when the region

served as a resource base for the Moscow-centered econ-

omy. While Kazakhstan has managed to upgrade some of

its existing infrastructure, Kyrgyzstan and Tajikistan rely on

aging infrastructure, with poor environmental and utilization

track records. The Tajik aluminum giant TALCO hopes ‘‘a Chi-

nese pledge of investment in its aging production facilities will

reverse a downward trend in production.’’90 Without substan-

tial investment in infrastructure upgrades, further mining of

critical materials will be unsustainable and costly.

The second risk is closely tied to the first: mining activities by

foreign companies, especially Chinese-owned ones, have been
One Earth 4, December 17, 2021 1687



Figure 3. Geopolitical hotspots for critical materials
Themap shows countries referred to in the academic literature from 2009 to 2021 as present or futuremarkets, important resource bases, or geopolitical hotspots
for critical materials. Sources: see Table S1.
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sources of contestation and conflict in Central Asia, particularly

Kyrgyzstan, since the region opened up after the collapse of

the Soviet Union.64 Environmental degradation (as a result of

mining) and limited community benefits are often among the

main complaints. This often results in the suspension of mining

projects, as discussed above. If these concerns remain unad-

dressed, future mining projects are likely to generate further

resistance from the local population.

Third, the region has been excessively dependent on raw ma-

terials exports for decades. This has resulted in limited economic

diversification and an underdeveloped manufacturing base,

leaving the region vulnerable to external economic shocks and

global fluctuations in oil price. There is a risk that critical mate-

rials may slow down the economic diversification of oil-depen-

dent Kazakhstan, which has strived since the early 2000s to

develop other parts of the economy, when oil exports became

the main source of revenue for the country.58 Similarly, in min-

eral-rich Kyrgyzstan, mining contributes to taxes and develop-

ment, along with corruption, the entrenchment of elites, and

political conflict.64 The case of Canadian Centerra Gold’s many
1688 One Earth 4, December 17, 2021
years of litigation with the Kyrgyz government regarding the

Kumtor deposit is illustrative of such risk. If poorly designed

and implemented, expanded mining of critical materials in

Kyrgyzstan may be a source of political instability.

Fourth, the region suffers from limited transparency, weak

governance, and a high level of corruption. The Natural Resource

Governance Index ranks Kazakhstan 25th out of 89 countries in

terms of natural resources governance; Kyrgyzstan is ranked

38, Uzbekistan is ranked 80, and Turkmenistan is ranked 88.91

Thus, while the scores of Kazakhstan and Kyrgyzstan not unduly

bad, Uzbekistan and Turkmenistan are among the worst per-

formers. Difficulties in obtaining reliable data, including geolog-

ical data, are often viewed as serious barriers to investment in

these countries. On the one hand, weak governance might deter

investors from venturing into Central Asia. On the other hand,

mining investors often invest in countries with low governance

standards. In countries with higher standards, rules, regulations,

and social opposition against newmining sites can bemajor hur-

dles for investment. In addition, the countries of Central Asia

have some of the most restrictive non-tariff barriers to trade in
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the world.92,93 Nevertheless, as we have shown, China and other

countries already invest in various minerals in the region.

Fifth, excessive dependence on China, both as an export mar-

ket and as a financial and industrial partner, is another risk for the

region. The closer Central Asia gets to a monopsony situation

with China, the deeper will become the region’s asymmetric eco-

nomic dependence on Beijing. Already, the Central Asian coun-

tries—Kyrgyzstan and Tajikistan in particular—are heavily

indebted to China.94,95 Moreover, China was accused of taking

parts of territories from the two countries as part of opaque busi-

ness deals or as compensation for loans that the Central Asian

states could not repay.96,97 In 2020, statements were made by

prominent Chinese actors that Tajikistan’s Pamir region should

be ‘‘returned’’ to China.98

Since 2013, much news coverage of the BRI has focused on

large-scale infrastructure, transport, and connectivity projects

in Central Asia.20,99 Although China’s greatly expanded critical

materials mining portfolio in Central Asia has remained below

the radar, it is poised to become an increasingly important

element in bilateral relations.

One scenario is that China could pursue a ‘‘minerals-for-

loans’’ deal with Kyrgyzstan and Tajikistan similar to the deal

that China struck with the DRC as part of the Going Out Strat-

egy.80,100 Kyrgyzstan and Tajikistan are already dependent on

Chinese loans to the extent that the two countries have been

included in the ‘‘Chinese debt trap’’ group of countries, along

with Djibouti, Sri Lanka, and others.94 Critical materials is an

area where China can gain control over the mining infrastructure

in return for alleviating the debt dependency of the two countries.

China plans to start negotiations on debt restructuring with Kyr-

gyz President Japarov, who was elected in January 2021.

Among the items that can be included in a debt payment scheme

are licensing rights at various mining sites. As President Japarov

noted during the pre-election campaign in 2020, ‘‘we can pay for

our external debt using our mineral resources. We can pay with

ore resources worth USD 1 bln a year. We discussed this option

[with China].’’101

CONCLUSIONS AND OUTLOOK

Our findings reveal that Central Asia is already an important min-

ing region but is missing from many of the global overviews of

critical materials for clean energy technologies. The first question

we set out to answer was: what role can Central Asia play in the

global supply of critical materials for decarbonization? We find

that the region is already one of the leaders in the production

of some critical materials. In particular, Kazakhstan is a major

producer of several critical materials and will likely extend its

role in the future. Also Uzbekistan has significant potential. As

global demand for many critical materials for clean energy is

growing exponentially, there will be no lack of demand for Cen-

tral Asian exports. In particular, active decarbonization in the EU

countries and China is likely to raise their demand for critical ma-

terials from Central Asia.

The share of critical materials in the countries’ exports is

already significant and will likely grow further. Critical materials

exports may partly replace shrinking fossil fuel exports, as de-

mand for fossil fuels declines due to decarbonization in the

main markets for Central Asia’s oil and gas exports. If global de-
mand for critical materials continues to grow and Central Asia

becomes a more prominent supplier, critical materials will also

play an increasingly important role in the exports and GDP of

each Central Asian state. As a consequence, these countries

may again fail to diversify their economies. Their excessive

dependence on fossil fuels may be replaced by a similar depen-

dence on critical materials, thus transitioning from one resource

curse to another.

If Central Asia’s mineral resource base is further developed,

it can increase the region’s geopolitical weight and importance

in international affairs. Moreover, a possible shift from hydrocar-

bons to critical materials-based exports may bring reputational

benefits. The shift could potentially support the region’s

internal energy transition and improve its international status,

transforming it from an anti-climate fossil fuel zone to a pro-

climate critical materials supplier.

Our second question was: what roles do Central Asian mineral

resources play in the strategic positioning of great powers on

critical materials? Our review shows that the region’s geological

potential and contribution to global production has been ne-

glected. Because Central Asia has been disregarded, there is

limited understanding of the role that the region plays in China’s

strategic positioning on critical materials. As of late 2021, China

had substantially increased its economic clout in the region and

above all in the mining sector. This can further strengthen

China’s already strong position in global critical materials

markets.

Russia is another major player in Central Asia and importer

of its mineral resources. However, its total share of Central

Asian critical materials exports has been declining steadily

since 2010 and compared with China it is less significant as

a source of investment for the Central Asian mining sector.

Other external players have little to do with Central Asian

critical materials. The EU and the United States take an insig-

nificant share of Central Asian exports and do not yet see the

region as strategically important to their critical materials

needs. However, as they become aware of the region’s

resource base and its rapidly strengthening ties with China,

we expect that this will change.

Given Central Asia’s lack of visibility on international clean

energy technology maps, future research could focus on work-

ing out the details of the region’s place in the global supply

chain of critical materials for decarbonization. For example,

this could include analyses of specific mineral reserves in Cen-

tral Asia and their clean technology uses, markets, and politics.

Central Asia’s relative proximity to European, East Asian, South

Asian, and Middle Eastern markets could be an advantage.

Thanks to the broad variety of materials available, the region

can serve most critical materials needs for clean energy. This

makes it important in mining economics, security of supply,

and geopolitical perspectives. Future research could also

work out how the region can accommodate its potential growth

in critical materials exports and tackle the risk factors outlined

in the previous section.

Due to strict regulations and permitting procedures for new

mines in developed countries, critical materials in high demand

will increasingly be extracted in developing countries with

weak governance and low environmental standards.102 Cobalt

mining in the DRC and lithiummining in Bolivia are cases in point.
One Earth 4, December 17, 2021 1689
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Critical materials mining in Central Asia should be organized in a

way that does not repeat the Congolese scenario, where cobalt

mining has come to be seen as a source of environmental

destruction, corruption, conflict, poverty, child labor, and ill

health.103–105 Thus, more research is needed on how the interna-

tional community could extract more critical materials tomitigate

climate change while limiting the negative consequences for

mining communities and the environment in places such as Cen-

tral Asia.
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Table S1. Countries referred to in the academic literature as present or future markets, important 
resource bases, or geopolitical hotspots for critical materials 
 

Countries  Sources 

Australia, Canada, Chile, China, Indonesia, Kazakhstan, Peru, Poland, Russia, USA, Zambia 1 

Australia, Canada, China, DRC, South America, USA 2 

China 3 

China, Commonwealth of Independent States (CIS), DRC, USA  4 

China, USA 5 

Argentina, Chile, Bolivia, Serbia, USA 6 

Argentina, Bolivia, Chile, China, DRC, Russia 7 

China, Japan, South Korea 8 

China, Japan, Mongolia 9 

Brazil, China, Indonesia, Russia, South Africa  10 

Russia, USA 11 

Canada, DRC, USA, Zambia 12 

Canada, China, OECD, South Africa, USA 13 

Australia, China, USA 14 

Australia, Canada, China, DRC 15 

DRC, G7 countries, BRICS, the EU-27 countries 16 

Australia, Bolivia, Brazil, Canada, Chile, Fiji, Indonesia, Madagascar, New Zealand, Peru, the Philippines, 
Portugal, South Africa, USA 

17 

Australia, Brazil, China, Gabon, Ghana, India, Kazakhstan, Malaysia, South Africa, Ukraine 18  

Australia, Brazil, China, India, Russia, South Africa 19  

China, the EU, Japan, USA 20  

Australia, Canada, China, Czech Republic, Germany, Russia, USA, Zimbabwe 21 

Australia, Canada, China, DRC, Peru, Russia 22 

Austria, Bolivia, Canada, China, Portugal, Russia, Rwanda, Thailand, Vietnam 23 

China 24 

Australia, the EU 25 

Brazil, Canada, Chile, China, India 26 

China, South Africa 27 

Belgium, Chile, DRC, Finland, Indonesia 28 

Australia, Canada, China, the EU, France, Germany, Greece, India, Italy, Japan, Norway, UK, USA 29 

Argentina, Australia, Chile, China, the United States 30 

China, DRC, Russia, Rwanda 31 

China, DRC, the Philippines, South Africa 32 

China, DRC, Papua New Guinea, Zambia 33 

Australia, Argentina, Brazil, Canada, Chile, China, Cuba, DRC, Madagascar, Peru, the Philippines, Russia, South 
Africa, Ukraine, the US, Vietnam, Zambia, Zimbabwe 

34 

China 35 

China 36 

China, DRC 37 

Argentina, Australia, Brazil, Canada, Chile, China, DRC, Portugal, USA, Zimbabwe 38 

China 39 

Argentina, Chile, China, DRC, Russia 40 

China, DRC 41 

China 42 
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