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9. Geopolitics of critical raw material supply
constraints

André Mdanberger

INTRODUCTION

Low carbon transitions impact which and how raw materials are utilised. Materials used for
low carbon technologies are currently extracted and processed in only a handful of coun-
tries, prompting discussions on how geopolitics can threaten supply security and, at times,
the viability of low carbon transitions. This chapter provides an overview and critique of how
geopolitics is framed as a threat to critical raw materials (CRMs) that are vital for enabling
low carbon transitions.

Mitigating climate change will change the use of natural resources. Consumption of fossil
energy will have to decline to meet the Paris Agreement, even if carbon capture technologies
are adopted. Fossil energy sources will have to be replaced by resources and technologies that
emit fewer greenhouse gases. Variable renewables, such as solar PV and wind power, are often
assumed to make up most of the supply growth (e.g. IEA, 2023a). These technologies harness
natural flows that are less geographically concentrated than fossil energy. Emerging literature
on the geopolitics of the energy transition (Scholten, 2023) has pointed out that this should,
if not eliminate, at least reduce some of the main geopolitical issues associated with fossil
fuels. However, low carbon technologies increase demand for raw materials and the variety of
materials used (Watari et al., 2021). Examples of increased demand include rare earths used
for electric vehicle (EV) motors and wind power generators, lithium, cobalt and graphite for
EV batteries and silicon for solar PVs (Hu et al., 2024). The International Energy Agency
estimates demand for energy materials to experience a sixfold increase by 2040 compared to
2020 in their low carbon scenarios (IEA, 2021).

Mining and reserves for many of the raw materials used in low carbon technologies are geo-
graphically concentrated in just a handful of countries, many identified as fragile states, for
example having increased risk of internal conflicts (Manberger and Johansson, 2019). Most
of these countries are not major exporters of fossil energy today. Replacing fossil energy with
renewables will therefore shift trade flows and make importers dependent on new suppliers.

Politicians are increasingly aware of these new challenges. Although socio-environmental
impacts are recognised, most of the focus is to avoid the new trade dependencies becoming
vulnerabilities that can be exploited as leverage points by foreign states. For example, when
launching the European Critical Raw Materials Act, European Commission President Ursula
von der Leyen said: “Lithium and rare earths will soon be more important than oil and gas.
Our demand for rare earths alone will increase fivefold by 2030. [...] We must avoid becoming
dependent again, as we did with oil and gas.”!
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106 Handbook on the geopolitics of sustainability

This chapter focuses on raw materials classified as critical. Criticality scoring is based on
perceptions, typically a combination of high risk of supply disruption and vulnerability to
disruptions (Schrijvers et al., 2020). Most critical raw materials are metals but there are a few
that are not, for example, graphite is sometimes included, and the EU also include noble gases
in the screening of critical raw materials although these are not materials. This chapter use
the term “(critical) raw material”, indicating that the concept includes more than just metals.
Natural resources are referred to when discussing geographies where raw materials and fossil
fuels are extracted, for example “resource nationalism”. Raw materials are often extracted as
minerals, that is, substances composed of multiple elements. After extraction, these minerals
undergo processing and purification before they can be used to produce goods.

This chapter proceeds by outlining the material basis of energy transitions. Based on previ-
ous literature, it then develops a framework of relationships between CRM supply security and
geopolitics. The chapter ends by calling for more focus on developing capabilities to respond
to disruptions than suppressing threats.

THE MATERIAL BASIS OF LOW CARBON TRANSITIONS AND ITS
GEOGRAPHICAL DIMENSION

Demand for raw materials has increased over time and, without policy intervention, it is
likely to continue to do so because of economic and population growth. An assessment of the
seven most used metals (iron, manganese, aluminium, copper, nickel, zinc and lead) projected
global demand to double or triple by 2050 compared to 2015 (Elshkaki et al., 2018). Although
there is consensus in the literature that low carbon transitions increase material demand, the
range of estimates varies widely due to differing underlying assumptions on future techno-
logical development, material substitution, recycling rates (Manberger and Stenqvist, 2018)
and economic growth (Pulido-Sanchez et al., 2022).

Natural resources can only be extracted in places where they have been identified. Studying
the spatial location of resources is therefore of interest to understand which places may become
future extraction sites, anticipate conflicts that may emerge, and how these can be prevented
or mitigated. Table 9.1 shows some of the connections between what resources are used for,
the main reserve holders and the resources’ criticality status according to the EU and the US.
Both the EU and the US assess criticality based on a combination of supply risk (threat of
import disruption) and vulnerability to disruptions. Their CRM-ratings largely overlap (Zhou
and Ménberger, 2024) with only minor differences that can, for example, be explained by
the EU using both historic data and forward-looking forecast, while the US relies solely on
historic numbers.

A handful of countries stand out as holding around half or more of the reserve for one or
two resources: DRC for cobalt, Indonesia for nickel, South Africa for PGE, China for REE
and silicon and Australia for vanadium. In addition to these, Brazil, Chile and Russia also hold
large shares of reserves for several resources. The geographical concentration of reserves for
many raw materials used in low carbon technologies is higher than for crude oil. The highest
concentration is identified for platinum group metals and silicon, followed by cobalt.

The relatively high geographical concentration is one of the explanations for classifying
a resource as critical. This can have implications for low carbon transitions and geopolitics.

Import-dependent countries adopt policies to secure their own CRM supply, Théir strategies, .
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108  Handbook on the geopolitics of sustainability

to do so can conflict with other countries’ interests in securing their supplies (Zhou and
Manberger, 2024). Such state interventions motivated by national supply security can make
interstate collaboration difficult. The criticality narrative can also be used by market actors to
mobilise political commitment and investment in certain mining projects. However, the merits
of framing natural resources as critical are subject to debate (Haddad et al., 2024). Criticality
is frequently motivated by a desire to increase stability and supply security, but Wojewska et
al. (2024) argue that a criticality framing contributes more to the opposite, adding speculation
that magnifies commodity markets’ cyclical boom—bust patterns.

Raw material supply chains post-extraction also demonstrate geographical concentration
and bottlenecks. Less accessible data make comparisons difficult, but it is well known that
China has a central position in trade networks for several CRMs; it imports mineral concen-
trates and exports refined metals and higher value goods (Xia et al., 2024). For lithium, cobalt
and rare earths, China holds more than half of the global refining capacity, and for copper and
nickel, this figure is between 30 and 45 per cent (IEA, 2021). Chinese firms also own capacity
in other countries to mine, process and manufacture products using CRMs (see for example
Prina Cerai, 2024). Chinese foreign direct investments have increased in recent years, but it
remains debated to what extent the Chinese government is involved and able to coordinate
and utilise Chinese ownership in other countries for political power purposes (Holslag, 2022).

RELATIONSHIPS BETWEEN CRM SUPPLY SECURITY AND
GEOPOLITICS

Recent years have seen an emergent body of literature exploring connections between geopol-
itics and CRM supply threats (IRENA, 2023; Wang et al., 2025). Below follows an overview
of three root causes of CRM supply disruptions related to geopolitics: (1) local events that
impact global commodity markets; (2) resource nationalism; and (3) weaponising supply. The
last two typically result in export controls but the underlying motivations differ: increasing
resource rents domestically (see e.g. Xu et al., 2024) or using exports as a foreign policy tool.

Local Events with Global Impact

Due to geographical resource concentration, local events that cause supply disturbances can
spread through the supply chain network and impact remote importers. These events can have
various origins, such as mine accidents, labour strikes, social instability, antagonistic (terror-
ist) attacks, natural disasters and severe weather leading to flooding, droughts and heatwaves
that restrict mining operations. Local events with global impacts can be seen as a “source
risk”. There are examples of local events that have reduced global supply. For example, oil
supply disturbances are well documented in the literature (cause, duration, volume, etc.).
Critical raw materials are less well documented (Wang et al., 2025). Examples also exist of
anticipated disturbances that did not materialise but still triggered price spikes and responses
(see Box 9.1).

Several publications have indicated that measures to strengthen local sustainability can com-
promise resource extraction by restricting future production capacity (Jowitt et al., 2020). For
example, it can be challenging for mines in arid regions to co-exist with other water-intensive

sectors, such as agriculture. The impact of climate changg on CRM mining is Qde ]:é)gplomd:“ S
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Geopolitics of critical raw material supply constraints 109

but it is more likely to negatively impact production than enable it (Odell et al., 2018; Savige et
al., 2025). The negative impact can, for example, result from direct weather-related impacts,
making it (temporarily) difficult to operate the mine. Climate change is expected to increase
the severity of droughts and heat stress, and some CRMs, such as lithium, have been identi-
fied as highly exposed (PWC, 2024). Climate change can also have indirect effects, such as
increased social instability that impacts mining (Lébre et al., 2019).

Indicators for countries’ general socio-political stability and level of good governance are
frequently adopted as proxies for geopolitical source risk (see for example Althaf and Babbitt,
2021). However, concerns have been raised that these are poor proxies for supply risk as no
correlation exists between these indicators and actual supply disruptions (Kiihnel et al., 2023).
Social instability can indeed cause disruptions, but current methods are inadequate, and more
granular approaches need to be developed if the risk of social instability is to be meaningful
to include in assessments.

BOX 9.1 THE 1970S COBALT CRISES: ORIGIN, IMPACT AND LESSONS
(NOT) LEARNED?

The southern Katanga region in the Democratic Republic of the Congo (DRC) has a
copper-rich mineralisation belt that also contain cobalt. The DRC holds more than half
of the known global cobalt reserves and is also the largest producer, accounting for
more than 70 per cent of global output in 2023, a share that has increased in the last few
years (USGS, 2024). It was one of the most important mining countries for cobalt in the
1900s (Gulley, 2022). In the 1970s, DRC’s cobalt output constituted around half of the
global output (Ericsson et al., 2024). At the time, cobalt had two major industrial uses:
as an alloy to produce high-strength steel and in high-performance permanent magnets
(SmCo-magnets). Cobalt was also used for its traditional colouring purposes.

The United States had built up strategic stockpiles of cobalt and many other raw
materials after the Second World War, but these stocks were drawn down in the 1970s.
After the stock draw down ended, the market was short on supply, and a series of events
unfolded in the DRC that triggered the price of cobalt to increase seven-fold from 1978
to 1982. These market events are known as the 1970s cobalt crises. The DRC had pre-
viously sought to nationalise part of the cobalt mining industry. Infrastructure for pro-
viding electricity and transporting cobalt was mismanaged, causing the output to fall
somewhat. In 1978, a rebellion erupted, involving soldiers from Angola and supported
by the Soviet Union. The rebellion was quickly defeated without severely damaging
the mines — in fact, output was stable during the turmoil. The price increase has been
explained by market speculation and fear of the Soviets gaining control of the cobalt
mines,which could constrain the West’s access in the future (Gulley, 2022).

Market actors responded to the cobalt crises in several ways: recycling increased,
mining expanded in other countries, its use was replaced by substitutes in several appli-
cations, such as some ceramics, and new permanent magnets were developed that use
neodymium instead of cobalt (Alonso et al., 2007). The responses turned the market
balance into a surplus and a price crash soon followed.
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110 Handbook on the geopolitics of sustainability
Resource Nationalism

Reserves that can be extracted at a low cost are geographically concentrated, as outlined in the
previous section. Low-cost producers therefore have an incentive to maximise resource rents
and retain a larger share of the producer surplus, that is, the difference between the market
price and the production cost. Commonly adopted regulations include taxes on mining and
exports (Kowalski and Legendre, 2023).

Mining is capital-intensive and generates fewer jobs compared to later steps in the value
chain. Some mining countries aim to integrate downstream in the supply chain to attain a
larger share of the value-adding activities within their own borders. Prohibiting the export of
unrefined mineral concentrates, while allowing the export of refined metal, is one such strat-
egy. A recent example is Indonesia’s decision to restrict the export of unrefined nickel while
continuing to export refined nickel metal (see Box 9.2). Free-trade proponents have argued
that producers are generally better off by not following Indonesia’s example because they lack
the necessary infrastructure and institutions to attract investors (Fliess et al., 2017).

High geographic reserve concentration can enable market power. Table 9.1 indicates that
market concentration for many critical raw materials is high. However, it is difficult for single
suppliers to successfully manipulate prices to their favour as other suppliers often exist and
would increase their output. Successful price management requires several producers to col-
laborate and collude. It remains disputed to what extent this is possible and likely for critical
raw materials. Few producers and strong demand growth are examples of arguments used to
support the viability of producer cartels (Ghorbani et al., 2024). Difficulties in collaboration,
the risk of cheating, and the existence of substitutes are common arguments raised by those
who downplay the prospects for future CRM cartels to thrive (Mares, 2022).

Assuming CRM-producer cartels developed, the impact would likely be somewhat higher
prices but not necessarily physical unavailability of supply. Price cartels can even reduce the
risk of supply disruptions as producers will withhold supplies, and the higher price incentiv-
ises high-cost producers to extract more, which diversifies supply. An analogy is the market
for crude oil, the behaviour of the Organisation for Petroleum Exporting Countries (OPEC)
and its impact on prices and availability.

BOX 9.2 INDONESIA’S EXPORT BAN OF UNREFINED NICKEL: UNFAIR
COMPETITION OR RECLAIMING RIGHTS TO DEVELOP?

The Indonesian mining law introduced in 2009 requires mining companies to refine the
mineral domestically before it is exported (IEA, 2023b). One of its aims is to increase
domestic jobs and economic development in Indonesia. The law was implemented in
several steps beginning in 2014 by restricting mineral exports. Initially, it was still pos-
sible to export nickel contained as a co-product if the exporter paid an export fee. In
August 2019, the government announced that the export ban would be stricter by 1
January 2020, requiring companies to construct smelters in Indonesia.

The export ban resulted in an inflow of foreign direct investments in metal smelt-
ing industries, predominantly owned and operated by Chinese firms (Guberman et al.,
2024). Indonesia’s long-term plan is to bring in more value-adding processes to the
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Geopolitics of critical raw material supply constraints 111

country and become a world-leading manufacturer of batteries and stainless steel, two
products that use nickel.

The EU, supported by the USA, appealed to the World Trade Organization (WTO)
against Indonesia’s export ban. On 30 November 2022, the WTO recommended Indonesia
change its export regulation to conform with GATT 1994 (WTO, 2022). Indonesia has
so far (2025) not done so. China chose a different stance from that of Western countries,
increasing investments in the Indonesian metal refining sector, finding mutual benefits
that strengthened the bilateral relations between the two countries (Mandavia, 2022).

The future success of Indonesia’s export ban is far from given. Assessments of the
economic impact indicate that Indonesia would benefit from further downstream inte-
gration (Pirmana et al., 2023). However, market analysts have pointed towards a surplus
nickel market with lower prices because of commissioning new mining projects in other
countries (Daga, 2024) and that lithium batteries not containing nickel will gain in mar-
ket share (Pandyaswargo et al., 2021).

OPEC is a producer cartel that allocates production quotas for each member. OPEC’s behav-
iour does not follow the textbook theories for how a cartel should behave (Okullo and Reynés,
2016). Small high-cost producers are assigned larger quotas than would be desirable for the
larger members, and the cartel produces too much in total due to over-allocation and cheating.
The cartel’s existence motivates non-member states to extract more, framing domestic extrac-
tion as a national security interest.

Weaponising Supply

The “energy weapon” refers to a situation where resource exporters utilise their exports as
a foreign policy tool to persuade or force a targeted state to change their policies. OPEC’s
oil embargo, which sparked the first oil crises in the 1970s, is well known and had a last-
ing impact on energy policies and governance, including the foundation of the International
Energy Agency (IEA) (Van de Graaf and Lesage, 2009). A later example is Russia’s natural
gas export strategy (Richter and Holz, 2015). Incentives to weaponise cross-border renew-
able energy trade seem to be lower than for fossil energy, but research on this topic is limited
(Downie, 2022).

Emerging literature has begun to analyse if and how non-fuel mineral exports can be
successfully weaponised. The 2010 rare earth crisis has been studied in-depth (Gholz and
Hughes, 2021) (see Box 9.3 for a brief description of the event). Non-fuel minerals differ from
energy in several ways, making import-dependent states less vulnerable to supply disruptions
and hence reducing incentives for exporters to weaponise CRM supply. Supply disruptions for
non-fuel minerals impact the manufacturing of new technologies, while as technologies that
are already in use continue to function. Energy disruptions, on the other hand, directly reduce
economic activity. Non-fuel minerals also have a smaller cost share compared to energy. It
is therefore easier for societies to endure raw material price spikes than energy price spikes.

Studies on energy and non-fuel minerals have found that both supply- and demand-side fac-
tors influence the likelihood of managing exports for political purposes and its success if done
so. Exporters need to have sufficient capabilities, such as state control or at least.the,ability £0,03531510
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112 Handbook on the geopolitics of sustainability

coordinate resource extraction and export. The exporter also needs to have a dominant market
position, for example a limited number of competitors that restricts the number of alternative
suppliers to turn to.

Several similarities exist between the literature on the energy weapon and the CRM weapon.
First, actual physical disruptions appear to be few, but those that have occurred received head-
line attention. Secondly, the potency is questionable as the targeted states seldom give in and
change their policies. Thirdly, utilising the weapon can backfire in the longer term as the
targeted state develops contingency measures to become more autonomous. For non-fuel min-
erals, there is an even wider palette of alternatives available, such as recycling spent products,
developing substitutes, and improving material efficiency.

Research on global markets and interdependence has argued that control of trade networks
can be weaponised and used for sanctions by restricting targeted states’ access (Farrell and
Newman, 2019). For crude oil, controlling the global market structure has been argued as
crucial for explaining US foreign and military policy (Stokes and Raphael, 2010). Payment in
US currency and the financial system enables the US to sanction exporters by denying market
access (e.g. Iran and Venezuela). For CRMs, China is the dominant actor, but research on its
capabilities and motivations to influence the global CRM supply chains is scant.

BOX 9.3 THE 2010 RARE EARTH CRISIS: DID ENVIRONMENTAL
CONCERNS OR A TERRITORIAL DISPUTE CONSTRAIN OUTPUT
AND WAS THE IMPACT MATERIAL?

The Senkaku Islands in the East China Sea are under the administrative control of Japan
but also claimed by China and Taiwan. They are uninhabited but hold economic and
military value; fishers trawl the waters, and there might be oil, gas and other mineral
deposits on the sea floor. On 7 September 2010, the Japanese coastguard requested a
civilian Chinese fishing boat to leave the waters near the islands. The Chinese fishing
boat refused and rammed a Japanese coastguard ship. The Japanese coastguard boarded
the fishing boat and arrested the captain and his crew. China requested Japan to release
the captain immediately, but Japan refused. A high-level diplomatic dispute ensued,
which was only partly resolved after two and a half months of negotiations. This chain
of events ignited the 2010 rare earths crisis.

China’s response to the Japanese arrest and its aftermath remains debated to this day.
Japan depended on Chinese exports of rare earths for manufacturing high-tech goods.
At the time, China mined almost all the global output. According to Japan and Western
allies, notably the USA and the EU, China reduced its exports of rare earths to Japan
during the crisis to put pressure on Japan (StratCom COE, 2019). China, on the other
hand, claims that they did not reduce exports to penalise Japan. The country did imple-
ment some measures that reduced mining, but the main reason was to reduce mines’
environmental impact (Wilson, 2018).

The price of rare earths increased during the crisis, some up to tenfold. However,
the price spike was short-lived, and a price collapse followed the year after. Some of
the explanations proposed in the literature include Japan holding strategic CRM stocks,
technological developments enabling the replacement of REEs, and illegal Chinese min-
ing and smuggling that limited the restriction’s enforcement (Gholz and Hugllgfg \2[912
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Geopolitics of critical raw material supply constraints 113

The elevated price, regardless of the cause, increased interest in extraction elsewhere
too. China’s share of extraction dropped by a third to between 60 and 70 per cent in the
following decade (USGS, 2024).

CONCLUDING THOUGHTS: A CRITICAL VIEW ON CRITICAL RAW
MATERIALS

This chapter categorised perceptions of how geopolitics compromises supply security into
three categories: (1) local events with global impact; (2) resource nationalism; and (3) weapon-
ising supply. There are examples of threats that have materialised and triggered disturbances,
both physical disruptions and price increases. Thus, “geopolitical risks” in a wider sense can
indeed be a real supply security threat. However, the materiality of geopolitical risks is debat-
able as disturbances tend to be short-lived and have limited impact for societies. In addition
to restoring and expanding supply, there are numerous other adaptation measures. Focusing
on perceived supply threats narrows responses to protection, while many adaptation and resil-
ience options are overlooked (see for example Chapter 27 by Logan et al. in this volume). For
example, options for strengthening capacities could include assigning more weight to the role
of material efficiency, substitution, recycling and diversification.

More research is needed to understand which materials and volumes are needed for dif-
ferent transition pathways to be feasible. This knowledge can serve the basis for developing
criticality assessments based on resources essential for enabling certain functions that socie-
ties value, such as food, shelter and mobility, rather than the raw materials’ share of current
economic value. Such an approach would open up possibilities for identifying measures to
mitigate criticality based on strengthening capabilities (i.e. positive security) rather than sup-
pressing threats (i.e. negative security). For an overview of how these security conceptuali-
sations relates to sustainability transitions, see Kivimaa (2024). This can serve as a starting
point for integrating knowledge on material efficiency, focusing mainly on techno-economic
factors and material sufficiency, and focusing more on societal factors such as lifestyles. For
an overview of what the latter can imply for raw material use, see Bihouix (2021).

The EU’s latest edition of the critical raw materials list is the fifth, and was released in 2023
(EU, 2023). One major change is that the methodology used to screen criticality was expanded
to include a prediction of future shortage and supply-demand imbalances. Previous editions
only used historic data. The prediction dimension could make the criticality assessment more
relevant for policymakers as many responses take time to implement. For example, the EU
added lithium to its list of critical raw materials for the first time in 2020, a metal for which
demand has increased rapidly due to the adoption of electric vehicles. Opening new mines
takes time. However, for a longer time-perspective to be a useful tool to guide policymakers, it
needs to assess capabilities too, both for supply- and demand-side measures. Currently, this is
not the case, since CRM lists only provide snapshots in time (Ku et al., 2018; 2024) and tend to
focus more on threats than capabilities. This runs the risk of experts misguiding policymakers
to prioritise materials that turn out to be less critical in the future than anticipated.
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The science—policy interface may thus require more attention from scholars and reflections
on what is communicated and how. Andersson (2020) found that discussions among Chinese
experts on critical and strategic raw materials had preceded the discussions among policy-
makers. Experts and bureaucrats have key roles as they are responsible for developing the
methods used for defining, operationalising and assessing raw material criticality (Machacek,
2017). Transferring problems and solutions from the expert community to the policymaking
community may undermine transparency and legitimacy as it bypasses democratic processes
when values and perceptions are defined by experts. This chapter has identified that some
commonly perceived threats may be overstated, and calls for more attention on how capabili-
ties and resilience can be developed.

REFERENCES

Alonso, E., Gregory, J., Field, F., & Kirchain, R., 2007. Material availability and the supply chain:
Risks, effects, and responses. Environmental Science & Technology 41, 6649-56. https://doi.org/10
.1021/es070159c.

Althaf, S., & Babbitt, C.W., 2021. Disruption risks to material supply chains in the electronics sector.
Resources, Conservation and Recycling 167, 105248. https://doi.org/10.1016/j.resconrec.2020
.105248.

Andersson, P., 2020. Chinese assessments of “critical” and “strategic” raw materials: Concepts,
categories, policies, and implications. The Extractive Industries and Society 7, 127-37. https://doi
.org/10.1016/j.exis.2020.01.008.

Bihouix, P., 2021. Low-tech: A path toward the necessary metallic sobriety?. In F. Fizaine and X.
Galiegue (eds), Mineral Resources Economics 2. Wiley. https://doi.org/10.1002/9781119882121.ch8.

Daga, A., 2024. Indonesia’s nickel policy looks fragile. Reuters. 26 January. https://www.reuters.com/
breakingviews/indonesias-nickel-policy-looks-fragile-2024-01-26

Downie, C., 2022. Geopolitical leverage in the energy transition: A framework for analysis and the case
of Australian electricity exports. Energy Research & Social Science 93. https://doi.org/10.1016/j.erss
.2022.102826.

Elshkaki, A., Graedel, T.E., Ciacci, L., & Reck, B.K., 2018. Resource demand scenarios for the major
metals. Environmental Science & Technology 52(5), 2491-7. http://doi.org/10.1021/acs.est.7b05154.

Ericsson, M., Lof, A., Lof, O., & Miiller, D.B., 2024. Cobalt: Corporate concentration 1975-2018.
Mineral Economics 37, 297-311. https://doi.org/10.1007/s13563-023-00391-1.

EU, 2023. Establishing a framework for ensuring a secure and sustainable supply of critical raw
materials and amending Regulations (EU) 168/2013, (EU) 2018/858, 2018/1724 and (EU) 2019/1020.
COM(2023) 160 final. European Commission: Brussels.

Farrell, H., & Newman, A.L., 2019. Weaponized interdependence: How global economic networks
shape state coercion. International Security 44, 42—79. https://doi.org/10.1162/isec_a_00351.

Fliess, B., Idsardi, E., & Rossouw, R., 2017. Export controls and competitiveness in African mining
and minerals processing industries. OECD Trade Policy Papers No. 204. Paris: OECD Publishing.
https://doi.org/10.1787/1fddd828-en.

Gholz, E., & Hughes, L., 2021. Market structure and economic sanctions: The 2010 rare earth elements
episode as a pathway case of market adjustment. Review of International Political Economy 28,
611-34. https://doi.org/10.1080/09692290.2019.1693411.

Ghorbani, Y., Zhang, S.E., Bourdeau, J.E., Chipangamate, N.S., Rose, D.H., Valodia, I., & Nwaila, G.T.,
2024. The strategic role of lithium in the green energy transition: Towards an OPEC-style framework
for green energy-mineral exporting countries (GEMEC). Resources Policy 90, 104737. https://doi.org
/10.1016/j.resourpol.2024.104737.

Guberman, D., Schreiber, S., & Perry, A., 2024. Export restrictions on minerals and metals: Indonesia’s
export ban of nickel. Working Paper ICA-104. Office of Industry and Competitiveness Analysis, U.S.

André Manberger - 97

Downloaded from https://www.elgaronline.c
via Open Access.

. This is an open access

Commons Attribution-NonCommerc:
(https:
limiting the author’ s and publisher’ s e

reat 0ns.org/lic

of this publication to train

ologies is expressly

https://creativecommons.org/licenses/by

tive artificial intellige

Without

iy unauthorised use

nce (Al)

prohibited.

-nc-nd/4.0,



Geopolitics of critical raw material supply constraints 115

International Trade Commission (USITC). https://www.usitc.gov/publications/332/working_papers/
ermm_indonesia_export_ban_of_nickel.pdf.

Gulley, A.L., 2022. One hundred years of cobalt production in the Democratic Republic of the Congo.
Resources Policy 79, 103007. https://doi.org/10.1016/j.resourpol.2022.103007.

Haddad, C., Vorli¢ek, D., & Klimburg-Witjes, N., 2024. The security-innovation nexus in (geo-)political
imagination. Geopolitics 29, 741-64. https://doi.org/10.1080/14650045.2024.2329940.

Holslag, J., 2022. Controlling the mine? Assessing China’s emergence as a minerals super power.
Journal of Contemporary China 31, 663-74. https://doi.org/10.1080/10670564.2021.2010381.

Hu, X., Wang, C., & Elshkaki, A., 2024. Material-energy nexus: A systematic literature review.
Renewable and Sustainable Energy Reviews 192, 114217. https://doi.org/10.1016/j.rser.2023.114217.

IEA, 2021. The role of critical minerals in clean energy transitions. Paris: The International Energy
Agency. https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions.

IEA, 2023a. Net zero roadmap: A global pathway to keep the 1.5°C goal in reach. Paris: The international
Energy Agency.

IEA, 2023b. Prohibition of the export of nickel ore. https://www.iea.org/policies/16084-prohibition-of
-the-export-of-nickel-ore.

IRENA, 2023. Geopolitics of the energy transition: Critical materials. Abu Dhabi: International
Renewable Energy Agency.

Jowitt, S.M., Mudd, G.M., & Thompson, J.FE.H., 2020. Future availability of non-renewable metal
resources and the influence of environmental, social, and governance conflicts on metal production.
Communications Earth & Environment 1, 13. https://doi.org/10.1038/s43247-020-0011-0.

Kivimaa, P., 2024. Security in Sustainable Energy Transitions: Interplay between Energy, Security,
and Defence Policies in Estonia, Finland, Norway, and Scotland. Cambridge University Press.
https://doi.org/10.1017/9781009368155.

Kowalski, P, & Legendre, C., 2023. Raw materials critical for the green transition: Production,
international trade and export restrictions. OECD Trade Policy Papers, No. 269, Paris: OECD
Publishing. https://doi.org/10.1787/c6bb598b-en.

Ku, AY., Alonso, E., Eggert, R., Graedel, T., Habib, K., Hool, A., Muta, T., et al., 2024. Grand challenges
in anticipating and responding to critical materials supply risks. Joule 8, 1208-23. https://doi.org/10
.1016/j.joule.2024.03.001.

Ku, A.Y., Loudis, J., & Duclos, S.J., 2018. The impact of technological innovation on critical materials
risk dynamics. Sustainable Materials and Technologies 15, 19-26. https://doi.org/10.1016/j.susmat
.2017.11.002.

Kiihnel, K., Schiitte, P., Bach, V., Franken, G., & Finkbeiner, M., 2023. Correlation analysis of country
governance indicators and the magnitude of environmental and social incidents in mining. Resources
Policy 85, 103762. https://doi.org/10.1016/j.resourpol.2023.103762.

Lébre, E., Owen, J.R., Corder, G.D., Kemp, D., Stringer, M., Valenta, R.K., 2019. Source risks as
constraints to future metal supply. Environmental Science & Technology 53, 10571-9. https://doi.org
/10.1021/acs.est.9b02808.

Machacek, E., 2017. Constructing criticality by classification: Expert assessments of mineral raw
materials. Geoforum 84, 368-77. https://doi.org/10.1016/j.geoforum.2017.03.028.

Manberger, A., & Johansson, B., 2019. The geopolitics of metals and metalloids used for the renewable
energy transition. Energy Strategy Reviews 26, 100394. http://dx.doi.org/10.1016/j.esr.2019.100394.

Ménberger, A., & Stenqyvist, B., 2018. Global metal flows in the renewable energy transition: Exploring
the effects of substitutes, technological mix and development. Energy Policy 119, 226—41. http://dx
.doi.org/10.1016/j.enpol.2018.04.056.

Mandavia, M., 2022. Indonesia’s battery success runs on China and coal. Wall Street Journal, 20 October.
https://www.wsj.com/articles/indonesias-battery-success-runs-on-china-and-coal-11666269897.

Mares, D.R., 2022. Understanding cartel viability: Implications for a Latin American Lithium Suppliers
Agreement. Energies 15, 5569. https://doi.org/10.3390/en15155569.

Odell, S.D., Bebbington, A., & Frey, K.E., 2018. Mining and climate change: A review and framework
for analysis. The Extractive Industries and Society 5, 201-14. http://dx.doi.org/10.1016/j.exis.2017.12
.004.

Okullo, S.J., & Reynes, F., 2016. Imperfect cartelization in OPEC. Energy Economzcs 60, 333-44.
https://doi.org/10.1016/j.eneco.2016.10.010. e Madberser -9

Downloaded from https://w online.com/ at 0

ess. This is an open access 01\\ distributed
Commons Attribution-NonCommercial-NoDerivatives 4.0
(https:

limiting the author’ s and publisher’ s

reat 0ns.org/lic

of this publication to train tive artificial int

ologies is expre

781035342549

under the Creati

Without

iy unauthorised use
ellige

sly prohibited.

nce (Al)

s.org/licenses/by-nc-nd/4.0



116  Handbook on the geopolitics of sustainability

Pandyaswargo, A.H., Wibowo, A.D., Maghfiroh, M.E.N., Rezqita, A., & Onoda, H., 2021. The emerging
electric vehicle and battery industry in Indonesia: Actions around the nickel ore export ban and a
SWOT analysis. Batteries 7, 80. https://doi.org/10.3390/batteries7040080.

Pirmana, V., Alisjahbana, A.S., Yusuf, A.A., Hoekstra, R., & Tukker, A., 2023. Economic and
environmental impact of electric vehicles production in Indonesia. Clean Technologies and
Environmental Policy 25, 1871-85. https://doi.org/10.1007/s10098-023-02475-6

Prina Cerai, A., 2024. Geography of control: A deep dive assessment on criticality and lithium supply
chain. Mineral Economics 37, 499-546. https://doi.org/10.1007/s13563-023-00414-x.

Pulido-Sanchez, D., Capellan-Pérez, 1., de Castro, C., & Frechoso, F., 2022. Material and energy
requirements of transport electrification. Energy & Environmental Science 15, 4872-910. https://doi
.org/10.1039/D2EE00802E.

PWC, 2024. Climate risks to nine key commodities: Protecting people and prosperity. https:/www.pwc
.com/gx/en/issues/esg/people-and-prosperity-at-risk.pdf.

Richter, PM., & Holz, F., 2015. All quiet on the eastern front? Disruption scenarios of Russian natural
gas supply to Europe. Energy Policy 80, 177-89. http://dx.doi.org/10.1016/j.enpol.2015.01.024.

Savige, T., Quigley, M., & Werner, T.T., 2025. Climate change is devastating mining of minerals needed
to fight it: Extreme weather threatens the extraction of critical minerals required to produce clean
energy. Nature 647, 36-39. https://doi.org/10.1038/d41586-025-03560-0.

Scholten, D., 2023. Handbook on the Geopolitics of the Energy Transition. Cheltenham, UK and
Northampton, MA, UK: Edward Elgar Publishing.

Schrijvers, D., Hool, A., Blengini, G.A., Chen, W.-Q., Dewulf, J., Eggert, R., van Ellen, L., et al. 2020.
A review of methods and data to determine raw material criticality. Resources, Conservation and
Recycling 155, 104617. https://doi.org/10.1016/j.resconrec.2019.104617.

Stokes, D., & Raphael, S., 2010. Global Energy Security and American Hegemony. Baltimore: Johns
Hopkins University Press.

StratCom COE. 2019. The 2010 Senkaku crisis. Riga: NATO Strategic Communications Centre of
Excellence. https://stratcomcoe.org/cuploads/pfiles/senkaku_crisis.pdf.

US Dol, 2022. Final list of critical minerals 2022. U.S. Geological Survey, Department of the Interior.

USGS, 2024. Mineral commodity summaries 2024. U.S. Geological Survey, Reston US.

Van de Graaf, T., & Lesage, D., 2009. The International Energy Agency after 35 years: Reform needs
and institutional adaptability. The Review of International Organizations 4, 293-317. http://dx.doi
.org/10.1007/511558-009-9063-8.

Wang, X., Tian, X., & Geng, Y., 2025. Uncovering the key determinants on the disruption of ores
supply. Resources, Conservation and Recycling 212, 107953. https://doi.org/10.1016/j.resconrec
.2024.107953.

Watari, T., Nansai, K., Nakajima, K., & Giurco, D., 2021. Sustainable energy transitions require
enhanced resource governance. Journal of Cleaner Production 312, 127698. https://doi.org/10.1016
/j.jclepro.2021.127698.

Wilson, J.D., 2018. Whatever happened to the rare earths weapon? Critical materials and international
security in Asia. Asian Security 14, 358-73. http://doi.org/10.1080/14799855.2017.1397977.

Wojewska, A.N., Staritz, C., Troster, B., & Leisenheimer, L., 2024. The criticality of lithium and the
finance-sustainability nexus: Supply-demand perceptions, state policies, production networks, and
financial actors. The Extractive Industries and Society 17, 101393. https://doi.org/10.1016/j.exis.2023
.101393.

WTO, 2022. DS592: Indonesia — Measures relating to raw materials. Geneva: The World Trade
Organization. https:/www.wto.org/english/tratop_e/dispu_e/cases_e/ds592_e.htm.

Xia, Q., Du, D., Yu, Z., Li, X., & Zhang, Q., 2024. Coins have both sides: Revealing the structure and
pattern of global interdependence network for five critical metals. Resources Policy 88, 104453.
https://doi.org/10.1016/j.resourpol.2023.104453.

Xu, D., Dou, S., Zhu, Y., & Cheng, J., 2024. Resource nationalism: The intersection of politics and
economics. Humanities and Social Sciences Communications 11, 1423. https://doi.org/10.1057/
$41599-024-03949-8.

Zhou, J., & Ménberger, A., 2024. Critical Minerals and Great Power Competition: An Overview.
Stockholm: SIPRI. https://doi.org/10.55163/WEMIJ9585.

Downloaded from https://www.elgaronline.co
via Open Access

Commons Attribution-NonCommercial-NoDerivative
(https:

limiting the author’ s and publisher’ s e

reat 0ns.org/lic

of this publication to train

ologies is expressly

https://creativecommons.org/licenses/by

. This is an open access work distributed under the

tive artificial intellige

Without

iy unauthorised use

nce (Al)

prohibited.

-nc-nd/4.0,



