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ARTICLE INFO ABSTRACT

JEL: The transition to electric vehicles (EVs) is pivotal for global decarbonization but faces significant challenges in
Q3 securing essential battery minerals like lithium, graphite, manganese, cobalt, and nickel. While existing literature
gg extensively explores individual challenges such as geographic concentration, geopolitical instability, and sus-
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tainability concerns, it often lacks a holistic framework to address their interconnected impacts on supply-
demand dynamics. This report synthesizes insights from the extant literature to identify vulnerabilities in the
mineral supply chain and proposes a strategic framework for sourcing policies. Key findings emphasize the need
for developing mineral-specific sourcing policies, integrating sustainability criteria for mineral sourcing, and
investing in technological innovations. These strategies could reduce transaction costs and mineral intensities
while supporting the scaling of EV adoption.

1. Introduction

Globally, transportation sector greenhouse gas (GHG) emissions
grew at average annual rate of 1.7 % from 1990 to 2022, making it one
of the fastest-growing emission sources among end-use sectors [29]. In
the US, transportation—which encompasses various modes of mobi-
lity—contributes to 28 % of GHG emissions [68], highlighting the need
for mitigation strategies, such as increasing electric vehicles (EVs)
adoption, improving fuel efficiency, expanding public transit, and
developing alternative fuels like hydrogen and biofuels [65].

Several nations emphasize the transition to clean vehicles, such as
EVs to decarbonize road transport which accounts for 15 % of global
GHGs [31]. This has significant implications beyond reducing emissions.
A key challenge in this transition is the mineral intensity of EV batteries,
which require substantial quantities of critical materials such as lithium,
cobalt, manganese, graphite, and nickel [26]. These commodities are
indispensable for battery performance, including energy density and
charging efficiency, making their availability a pivotal factor for battery
production [53]. Recent studies, spanning multiple fields, explored
various challenges in battery mineral sourcing, including geographic
concentration and geopolitical tensions [52], environmental, social, and
governance (ESG) risks [13,14], and technological limitations [25].
They collectively highlight the pressing need for sustainable and secure
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mineral supply chains. However, existing literature remains fragmented,
often overlooking ways in which the different challenges interact to
shape mineral supply-demand dynamics and the broader EV market [3,
12,23]. For example, sourcing challenges are treated as discrete prob-
lems rather than components of an interconnected system. Geopolitical
risks are shown to heighten supply chain vulnerabilities and drive sup-
ply diversification. Similarly, environmental concerns drive demand for
circular economy practices, yet technological constraints limit the
scalability of these solutions. The social dimension—encompassing
labor rights, community impacts, and public acceptance of mining-
—further complicates procurement decisions, affecting both the sus-
tainability and scalability of EV supply chains [9]. Addressing these
challenges in isolation (or in silos) risks leading to fragmented, subop-
timal solutions that fail to account for the complexity of mineral
sourcing dynamics.

This study addresses gaps in the literature by synthesizing recent
research on battery mineral sourcing, with a focus on the transmission of
sourcing challenges to market dynamics. While traceability frameworks
provide valuable data on ESG factors, industry characteristics, and
geopolitical risks [30,54], they do not fully capture how the interaction
between these factors influence broader market dynamics. Furthermore,
while existing literature has proposed frameworks for specific objecti-
ves—such as promoting equity in the energy transition [3], tracking
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socio-environmental impacts [9], and balancing mineral demand with
national priorities like supply diversification and environmental pro-
tection [24]—these approaches do not fully consider economic trans-
mission mechanism towards mineral market dynamics. This study
extends existing efforts by showing how these interconnected sourcing
challenges—when considered together—along with factors that affect
EV demand, contribute to price volatility in mineral markets, reflecting
interdependencies within the mineral-EV supply chain. By categorizing
key findings into thematic areas and examining the consequences of
mineral sourcing challenges, we present a framework that can be used to
guide sourcing policies.

The rest of the paper is organized as follows. Section 2 presents ev-
idence for the mineral intensity of EVs and summarizes key drivers for
EV demand, while Section 3 presents a discussion of the several mineral
sourcing challenges amid EV demand increases, as well as extending the
discussion to examine impacts on battery mineral supply-demand dy-
namics. Finally, Section 4 presents concluding remarks.

2. Electric vehicles: mineral requirements and demand drivers
2.1. EVs are mineral-intensive

Plug-in battery electric vehicles, (henceforth EVs), are at the fore-
front of the clean vehicle transition, pivotal in reducing transport-
attributed GHG emissions and reliance on fossil fuels [46]. However,
their production requires significantly more metal and mineral inputs
than conventional vehicles. For example, an EV can consume up to 200
kg of minerals, including copper, lithium, nickel, and graph-
ite—amounting to over four times the mineral demand of internal
combustion engine (ICE) vehicles [18,49]. A critical component driving
the mineral intensity of EVs is their lithium-ion batteries, which are
responsible for determining performance factors such as driving range
and charging capability. Most EVs today are powered by lithium-ion
batteries, which contain a combination of nickel, lithium, and cobalt,
among others [42].

Lithium-ion batteries are available in various chemistries, including
lithium cobalt oxide (LCO), lithium manganese oxide (LMO), lithium
iron phosphate (LFP), lithium nickel cobalt aluminium oxide (NCA), and
lithium nickel manganese cobalt oxide (NMC). Fig. 1 presents an
example of the mineral composition of the different battery chemistries.
The figure suggests that graphite, lithium, and aluminium are key
minerals needed in all battery types. Although not typically classified as
battery chemistry, graphite is used as the anode material in all battery
types [10]. Minerals like manganese, cobalt, and nickel are needed for
most common types of batteries, but not all, while minerals like lithium
are needed in relatively smaller quantities.

In this review, we focus on lithium, cobalt, manganese, nickel, and
graphite, as these minerals present more significant supply chain chal-
lenges within the US and elsewhere, compared to other minerals like
iron, aluminium, and phosphate [17]. Furthermore, these minerals are
among the 50 minerals on the US national critical mineral list as well as
designated as critical energy materials [64,66].

2.2. Why demand for EVs is expected to increase

According to a report by the International Energy Agency [27], in
2021, >6.6 million EVs had been sold globally, accounting for close to
10 % of all vehicle sales, while in 2022, sales of EVs rose by 60 % and
reached 10 million units [28]. Globally, the EV market is poised for
significant expansion driven by a confluence of factors summarized in
Fig. 2 [32]. First, consumer preference for cleaner, more sustainable
transportation options is a primary driver, as individuals and households
increasingly prioritize reducing their environmental footprints [6].
Second, technological advancements in battery efficiency, charging
infrastructure, and vehicle design continue to lower (financial) barriers
to adoption, making EVs more accessible and appealing.
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Third, financial incentives, such as tax rebates and subsidies, have
also played a pivotal role in accelerating EV sales across different mar-
kets. Financial incentives include direct rebates or tax credits to EV
buyers at the point of purchase and preferential production-based tax
credits for cleaner vehicle manufacturers, as well as indirect grants for
research and development (R&D) to improve battery technologies and
charging infrastructure. Other forms of financial incentives for EV
consumers include free or discounted parking, ferry/toll charges, and
reduced registration fees. Several recent studies have examined the role
of government financial incentives as the primary EV demand driver in
different markets. For example, Sheldon et al. [56] show EV subsidies
drive increased EV demand to reduce GHG emissions in China, the EU,
and US markets. In a similar study, Sheldon and Dua [57] show the
impact of consumer subsidies in increasing fast adoption of EVs in China.
On the other hand, studies like Xing et al. [71] discuss the significant
costs associated with encouraging the deployment of EVs through gov-
ernment subsidies.

Related to government financial incentives, nations’ commitments to
broader GHG emission reduction goals under frameworks like the Paris
Agreement further underscore the urgency of transitioning to EVs. For
example, a report by the World Resources Institute [76] shows that
several countries across the globe are implementing laws to require all
new car sales to be electric by 2035. Furthermore, by 2050 or earlier,
several nations and some US states (e.g., California, Oregon, and
Washington) plan to outlaw the sale of gas and diesel engines [15].

Finally, another critical factor shaping the EV market is the growing
embrace by incumbent car manufacturers. Companies like General
Motors," Volkswagen,” and Ford®> have committed to electrifying their
fleets, signaling a shift in the automotive industry, while some of these
(e.g., General Motors) have also committed to phasing out the produc-
tion of gas and diesel engines. While recent policy shifts may have
affected such commitments, if the trajectories continue in the long run, it
is likely to have some repercussions for the market by accelerating
economies of scale, fostering competition, and incentivizing innovation
in EV production and associated technologies. As ICE automakers
leverage their existing infrastructure and global supply chains, the EV
market is expected to expand at an increasing pace. According to S&P
Global Mobility, global EV passenger car production is expected to reach
41 million in 2030, about 42 % of the total global production of 97
million cars [59], while other estimates provide more ambition goals for
the production of a broad range of EVs (passenger cars, electric buses,
and trucks) [28,58].

In the US, after the enactment of the Bipartisan Infrastructure Law
and the Inflation Reduction Act, over 179,000 new jobs and $165 billion
in investments have been announced in the EV ecosystem market (e.g.,
EV battery, battery components, battery recycling) [19,20]. Although
the share of the US in total EV sales is lagging behind other larger
markets, such as China and the European Union, a combination of
market and non-market drivers is expected to drive additional demand
for passenger EVs in the long run, even amid policy shifts. For example,
according to the market analysis by Statista [60], over 2.5 million pas-
senger EVs are expected to be sold in the US market in 2028, repre-
senting a growth of over 92 % from 2024 sales.

Following the current and anticipated global increase in demand for
transport electrification, studies confirm that battery minerals are going

1 Source: https://www.gm.com/commitments/sustainability (GM's 2023
sustainability report)

2 Source: https://www.volkswagen-newsroom.com/en/press-releases
/volkswagen-future-plan-passenger-cars-brand-gives-first-glimpse-of-entry-leve
l-electric-model-at-works-meeting-18996 (Volkswagen Newsroom, Feb 5,
2025).

3 Source:  https://media.ford.com/content/fordmedia/fna/us/en/news/20
24/08/21/ford-broadens-electrification-strategy-to-reach-more-customers—.
html (Ford Newsroom, August 21, 2024)
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Fig. 1. Mineral composition for a 60 kW-hour EV battery. Source: Authors’ re-formulation based on data from Bhutada [10].
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Fig. 2. Why demand for EVs is expected to grow (Source: Authors’ own illustration).

to be in high demand given current market conditions (e.g., prices) and
technological infrastructure (e.g., mineral intensity does not decline)
[21]. Between 2017 and 2022, the global demand for lithium tripled,
cobalt demand rose by 70 %, and nickel demand increased by 40 %,
primarily driven by the energy sector, including clean energy technol-
ogy applications [28]. Another example is the demand for nickel in EV
batteries and backup energy storage for variable renewable electricity,
which is anticipated to rise from 196,000 tons in 2020 to 3804,000 tons
by 2040 [33,37]. Several other studies estimate the expected increase in
battery minerals in the short to long term [34,41,77]. According to a
2022 report by the International Energy Agency [28], top major mining
companies extracting lithium, copper, cobalt, and nickel, among others,
have invested over $41 billion in capital expenditure, suggesting the role
of expected demand in clean energy technologies, including EVs, in
driving significant investments in mineral exploration and extraction.

3. Sourcing challenges and their impact on mineral supply-
demand dynamics

The resilient supply of minerals essential for EV battery production is
affected by significant challenges related to sourcing these essential
inputs [5,7]. Recent studies, across a diverse set of fields (e.g., engi-
neering, economics, international relations) have identified key sourc-
ing challenges that affect EV markets.

First, we organize existing knowledge on mineral sourcing chal-
lenges to establish a coherent framework that reflects the consensus in
prior research (see Appendix for details). As presented by Locke and
Golden-Biddle [44] such an approach positions the study within an
evolving scholarly discourse and also establishes the study’s foundation.
Second, despite the recognition of these challenges among a diverse set
of disciplines, existing studies address them in isolation, leading to
fragmented solutions that overlook impacts on mineral market dynamics
(this is referred to as incomplete problematization in [44]). We cate-
gorize the identified mineral sourcing challenges into three broadly
defined yet interconnected groups (geographical concentration,
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geopolitics, and sustainability and ESG risks) and discuss the role of
technology to address these challenges. Then we trace the economic
channels through which sourcing challenges are expected to affect
battery mineral supply-demand dynamics. This approach provides a
more integrated framework that captures the interdependencies within
the mineral-EV supply chain and maps into the principles for con-
structing a scholarly contribution discussed by Locke and Golden-Biddle
[44].

By organizing existing knowledge, identifying gaps, and proposing a
new framework to integrate mineral sourcing challenges, this study
improves our understanding of interdependencies in the mineral-EV
supply chain rather than empirically testing hypotheses [47].

3.1. Mineral sourcing challenges amid growing EV demand

Mugurusi and Ahishakiye [48] defines sourcing as the procurement of
minerals necessary for industrial applications, such as EV batteries,
within a supply chain that involves multiple actors and supply chains (e.
g., mining companies, processing and smelting companies, manufac-
turers, etc.). Sourcing involves selecting suppliers (i.e., raw or processed
material suppliers) where responsible sourcing emphasizes consistently
making procurement decisions, throughout the entire supply chain, by
integrating ESG dimensions to ensure traceability, accountability, and
transparency as well as manage risks [54].

In this review, we examined over 30 studies which recognize the
growing concern surrounding the sourcing of minerals and materials for
the energy transition, particularly for EV battery production [3,5]. These
studies explore various themes, including geopolitics and strategic un-
certainty [36,49,52,75], sustainability concerns in mining for battery
minerals [1,24,43] and international supply chains [9], circular econ-
omy strategies for batteries [4], ESG risks from mineral extraction and
processing [11,13,43], labor rights in mining operations in the Global
South [54], and broader social and equity considerations [11,56].

Additionally, studies highlight the role of technology as a strategic
adaptation to mitigate supply chain vulnerabilities [4,38,51], while in-
ternational trade is widely discussed as a key factor in ensuring access to
materials essential for the energy transition [21,34]. Finally, studies
recognize the role of governance structures in facilitating a just transi-
tion, where resource-rich, low-income countries can benefit from the
energy transition instead of continually providing mineral inputs to
support energy transitions elsewhere [2]. This is relevant when extrac-
tion occurs in the Global South, processing adds value elsewhere (e.g.,
China or other processing hubs), and final consumption takes place in
the Global North. This uneven distribution raises concerns about unfair
trade practices and the disproportionate economic and environmental
burdens placed on mineral rich countries [53]. For instance, Berthet
et al. [9] measure how the EU’s mineral consumption, driven by climate
goals, exacerbates challenges such as resource conflicts, environmental
degradation, and human rights risks in mineral-rich regions.

In the rest of this sub-section, we highlight mineral sourcing chal-
lenges related to geographical factors, geopolitics, and sustainability.
We then summarize the role of technology to addressing some of these
challenges.

Geographical factors: Geographical limitations can significantly
hinder mineral sourcing. Many battery minerals have limited reserves or
are geographically concentrated in only a few regions, creating a reli-
ance on specific countries or areas. For instance, cobalt is predominantly
sourced from the Democratic Republic of Congo (DRC), and rare earth
elements are largely mined in China [7,36]. Such concentration poses a
risk to supply chain stability, especially when those regions face natural
disasters. In addition to geographical concentration, there are challenges
in the extraction process itself, such as the difficulty of accessing min-
erals in protected, remote, or politically sensitive areas (e.g., reserved
areas or Indigenous communities) or the nature of ore deposits that
require advanced technological capabilities and infrastructure for
extraction, transportation, and processing [4,38]. The lack of such
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capabilities can further limit the feasibility of extracting minerals from
certain deposits, exacerbating sourcing challenges.

Geopolitical factors: Geopolitics can play a critical role in the
sourcing of minerals. The competition for access to vital mineral re-
sources, especially in resource-rich regions, often intensifies interna-
tional tensions. Countries heavily dependent on imported minerals are
particularly vulnerable to geopolitical risks such as trade restrictions,
tariffs, and export bans, which can disrupt supply chains. For example,
the DRC’s cobalt production, which supplies a significant portion of the
global market, is subject to political instability, making it a risky source
for nations that rely on it for EV manufacturing [36]. Furthermore,
geopolitical strategies that involve tariffs, export bans, or political alli-
ances can directly influence the cost and availability of battery minerals,
impacting the economics of EV production and driving nations to seek
more secure sources, whether by investing in domestic mining opera-
tions or forming strategic partnerships with mining-producing countries
[75]1.

These geopolitical uncertainties not only disrupt supply chains but
also shape the strategic decisions of firms navigating mineral procure-
ment. In this context, transaction cost economics provides a useful
framework for understanding how geopolitical factors could affect the
procurement decision of battery manufacturers. Transaction cost eco-
nomics posits that firms make decisions—whether to make, buy, or form
partnerships—based on the goal of minimizing transaction costs asso-
ciated with negotiations, contracts, monitoring suppliers, and enforcing
agreements [40]. Battery manufactures can control their own internal
organizational structures and implement strategies to reduce transaction
costs and ensure stability while procuring minerals. However, their
transaction costs are still heavily influenced by the external market and
institutional environment (e.g., geopolitical risks, trade policies, etc.)
forcing them to respond and adapt their sourcing strategies accordingly.

Sustainability: Third, the sustainability of mineral sourcing is
another pivotal issue. The extraction of battery minerals is sometimes
associated with significant environmental degradation such as habitat
destruction, loss of biodiversity, water and soil pollution, tailings man-
agement, and pollution emissions [11]. Additionally, the social and
environmental consequences of mining, including the potential
displacement of local communities and cultural assets, raise ethical
concerns that have garnered increasing attention from consumers, reg-
ulators, and investors alike [22]. Other sustainability issues include
human rights violations, the health and safety of workers and local
communities, and unequal or unfair distribution of benefits (e.g., due to
corruption-related dealings) [72].

Van den Brink et al. [72] show that while most studies on responsible
sourcing focus on the social aspect (e.g., human right violations in
mining sites due to working conditions, forced labor, and conflict min-
erals, etc.), only fewer studies highlight environmental aspects (e.g.,
using toxic chemicals in mineral extraction or processing which causes
soil and water pollution). The authors also argue for the need to incor-
porate economic sustainability dimensions such as transparency on
benefits to local communities (e.g., jobs, taxes paid, fair wages, etc.).
Likewise, Mugurusi and Ahishakiye [48] argue for designing frame-
works for responsible sourcing, in particular when sourcing from
countries with weaker regulatory structures and significant ESG risks
such as human rights abuses (e.g., DRC).

These sustainability issues highlight the need for improved gover-
nance [53] and the adoption of more responsible sourcing practices. As
sustainability becomes an essential factor in global trade, the extraction
sector will face mounting pressure to adopt cleaner technologies and
processes (e.g., using renewable energy in energy-intensive extraction
stages, etc.). One promising solution is the development of circular
economy innovations, such as improved recycling technologies, which
can reduce the need for new mining operations and help close the loop
on mineral use [43]. This shift toward sustainability not only addresses
environmental concerns but also helps stabilize mineral supply by
lessening the dependency on virgin minerals.
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Another promising solution is tracking socio-environmental data
from mineral extraction and processing activities, such as water stress
and labor conditions [9] via traceability frameworks and document the
origin, ownership, and ESG performance metrics of each battery mineral
[30,54]. This can help mitigate risks and ensure transparency and
accountability, particularly when raw materials are imported from na-
tions with a different set of regulatory environments [9].

Role of technology: Technological innovation could play an
important role in overcoming most of the sourcing challenges. Advances
in mining technologies in upstream mineral extraction and refining
markets (such as automation), and innovations in battery chemistries for
downstream markets, could reduce reliance on scarce minerals and help
mitigate sourcing constraints. For instance, the development of battery
technologies that use alternative materials or a mix of minerals, rather
than a heavy dependence on cobalt or nickel, can reduce pressure on
traditional supply chains [4]. Additionally, innovations in recycling,
particularly for EV batteries, offer the potential to supplement primary
mining sources by reusing minerals from end-of-life products while
circular economy innovations could help reduce the environmental
footprint of sourcing while improving resource efficiency.

However, the adoption of these technologies faces significant hur-
dles. The pace of technological development is currently slow in many
cases, and a lack of investment in research and development (R&D)
could leave mineral sourcing challenges unresolved [38]. Without suf-
ficient technological advancements or the widespread adoption of
recycling practices, the industry remains vulnerable to resource short-
ages and supply chain disruptions.

Geopolitical tensions, geographic concentration of resources, envi-
ronmental and social impacts, and technological limitations all
contribute to the complex landscape of mineral sourcing. To address
these challenges, it will be crucial to invest in innovative technologies,
improve sustainability practices, and diversify supply chains to reduce
dependency on a few critical regions. Through such measures, the
minerals sector can support the growth of the EV market while mini-
mizing the associated risks and negative impacts on both the environ-
ment and society.

Mineral sourcing
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3.2. Impact of sourcing challenges on battery mineral supply-demand
dynamics

While several studies present sourcing as a central challenge closely
intertwined with broader geopolitical, sustainability, and technological
issues [9,24,54], a growing number of studies focus on supply-demand
dynamics, which brings to attention the economic forces that drive
market behavior based on the balance between mineral availability and
the increasing need for EV batteries [8,43,51]. This concept, as it relates
to sourcing challenges and how such challenges, together with the de-
mand for battery materials coming from EV markets, are transmitted to
metal supply-demand dynamics, is depicted in Fig. 3.

Supply-demand dynamics focus on market forces, specifically how
changes in demand for battery minerals interact with the available
supply (which could be limited due to sourcing challenges discussed
previously). In addition to factors that affect sourcing or create sourcing
challenges (i.e., geography, geopolitical, sustainability concerns, and
lack of technology), which affect costs and production rates, supply-
demand dynamics are additionally influenced by policy, a shift in con-
sumer preferences, and new uses of minerals which ultimately increase
demand for metals and affect metal price changes and their volatility.
Furthermore, mineral sourcing challenges could potentially affect the
adoption of EVs by influencing consumer prices. For example, if demand
for EVs increases sharply (due to factors summarized in Fig. 2), with
given lithium production rates, EV prices could increase.

Various studies have explored the impact of sourcing challenges on
the supply-demand dynamics of battery minerals, consistently high-
lighting the fragility of mineral supply chains due to geopolitical de-
pendencies and concentrated resource distribution (e.g., [5,361),
emphasizing the integration of sustainability into supply chain gover-
nance a critical requirement, with significant focus on systemic de-
ficiencies and circular economy practices [11,43], and the need to
optimize supply chain frameworks to provide pathways to mitigate
material shortages and reduce environmental impacts [4,38].

Jones et al. [39] introduced the CoMIT (Cost, Macro, Infrastructure,
Technology) model, projecting significant increases in demand for ma-
terials like cobalt and lithium due to EV adoption. Their findings un-
derscore the risks of supply shortages constraining EV deployment
without technological advancements or alternative material sourcing.
Similarly, Ballinger et al. [5] identified several key elements posing
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Fig. 3. Mineral sourcing challenges affect battery mineral market dynamics. Source: Authors’ own elaboration.
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supply risks to the EV industry, particularly natural graphite and rare
earth elements (REEs) like dysprosium and neodymium. Both studies
emphasize the criticality of resource availability for scaling EV adoption.
Barlock et al. [7] assessed the US’s capacity to meet EV deployment
targets, revealing a dependency on non-US sources for materials like
lithium and cobalt. The study underscores the necessity of diversifying
supply chains to reduce reliance on imports. Trost and Dunn [62]
analyzed the Inflation Reduction Act’s mineral sourcing targets,
concluding that achieving market-value-based benchmarks for critical
minerals remains challenging without significant domestic production
and recycling investments.

Among recent studies that relate the impacts of geopolitical tension
on battery material supply-demand dynamics are Jetin [36], Woodley
etal. [75], Boateng and Klopp [11], and Lehtimaki et al. [43]. Jetin [36]
highlighted geopolitical dependencies, noting the US and EU’s reliance
on imports for battery production materials, particularly from China.
This dependency has led to strategic initiatives promoting domestic
mining and allied country partnerships, although implementation faces
significant challenges. The geopolitical lens is further explored by
Woodley et al. [75], who analyzed climate impacts of mineral supply
bottlenecks, revealing that shortfalls in materials like graphite and co-
balt could hinder compliance with emissions reduction targets. Boateng
and Klopp [11] argued that the EV transition’s sustainability hinges on
retooling global mineral supply chains to address systemic deficiencies.
Their findings align with Lehtimaki et al. [43], who identified five sus-
tainability tensions: resource sufficiency, geographical distribution,
regulatory frameworks, circular economy practices, and emerging bat-
tery technologies. Both studies advocate for integrating sustainability
into governance and technological innovation.

Other studies highlight the role of circular economy and technolog-
ical innovations in affecting metal market dynamics. Baars et al. [4]
proposed circular economy strategies to reduce primary material
dependence, emphasizing the recycling and reuse of cobalt and lithium.
Their material flow analysis demonstrated how technological substitu-
tion and enhanced recycling policies could significantly mitigate supply
risks. Similarly, Agusdinata et al. [2] applied the telecoupling frame-
work to analyze critical mineral supply chains, advocating for coordi-
nated governance to address fragmented approaches. The study by
Jones [38] highlights the potential of recycling and investment in sus-
tainable practices to meet lithium demand while minimizing environ-
mental impacts. Such insights underscore the role of circular economy
practices and innovation in mitigating supply chain vulnerabilities and
addressing battery material demand shortages.

3.3. Sourcing battery minerals from domestic reserves versus overseas: the
US case

We focus here on the US as a case study, because, first, the US is one
of the major players in the EV market [16] where transportation ac-
counts for 28 % of GHG emissions [65,67]. Second, the US faces distinct
supply chain vulnerabilities that make it a compelling case for analysis
[32]. Although the nation has some domestic reserves of battery min-
erals like lithium, cobalt, and nickel, the country has historically relied
on imports either for raw materials or processed inputs [69]. Such de-
pendency exposes the US to geopolitical risks and supply disruptions,
necessitating strategies for sustainable and secure sourcing—whether
through domestic development, international alliances, or recycling
[50]. Third, the US remains a leader in technological innovation and
recycling potential, key pillars of sustainable EV mineral sourcing [7].

The US is among the top countries with the highest reserves of
certain mineral deposits. However, a significant portion of its battery
mineral supply is imported from elsewhere [61]. Table 1 presents the net
import reliance of the five minerals essential for EV batteries and an
estimate of US production levels in 2021. Net import reliance is
measured as a percent of consumption while net import volumes are
measured in metric tons as the difference between imports and exports

Sustainable Futures 9 (2025) 100720

Table 1
EV battery minerals based on Congressional Research Service [17].
Lithium  Cobalt = Manganese  Nickel Graphite
Netimportrelianceasa  >25 % 76 % 100 % 48 % 100 %
percent of apparent
consumption
US reserve as a percent 3.41 % 0.09 0% 0.36 % 0%
of global reserve %
US production as a n.a 0.41 0% 067% 0%
percent of global %
production
Net imports (metric 600 5100 459,000 85,024 44,600
tons)
for 2021.

While the US has some reserves of nickel, it is a net importer,
importing close to half of the nation’s consumption needs. The US is only
responsible for a small portion of global nickel production, with its
domestic output primarily coming from a handful of mining sites (e.g.,
Eagle Mine in Michigan). In 2021, the US imported 110,024 t of nickel
ores and concentrates while exporting 25,000 t, mostly to Canada for
further processing. The US holds just 0.36 % of global nickel reserves yet
remains one of the largest end-users of the commodity [17]. The reliance
on nickel imports is partly due to the lack of processing capacity,
prompting the nation to export raw materials for further processing (e.
g., ores) while importing refined inputs [73].

Similarly, the US faces heavy import reliance on cobalt, a byproduct
of copper and nickel, where imports account for a larger share of con-
sumption needs (76 %). In 2021, the US imported 9900 t of cobalt, with
the DRC being the leading global producer [17]. Domestic cobalt pro-
duction is limited, and new mining projects, such as those in Idaho and
Minnesota, aim to address this gap by extracting cobalt as a byproduct of
copper-nickel mining [35]. Even if the US holds significant lithium re-
serves (3.41 % of global reserves), it still imports large quantities to meet
the growing demand for EV batteries and other applications. Efforts to
boost domestic lithium production are underway, with new mining
projects proposed in Nevada and California [55], as well as expansions
to existing mines like the Silver Peak lithium mine in Nevada [45].
Manganese is another mineral with extremely limited domestic reserves
and no current production levels. The US has no known commercially
viable manganese ore reserves, relying heavily on imports from coun-
tries like South Africa, Gabon, and Australia [17]. Graphite faces similar
challenges. Despite the US having no domestic natural graphite mining
and limited reserves, proposals for new mining operations in Alaska and
Alabama could change this [74]. Currently, the US remains highly
dependent on imports, particularly from China, which accounted for 33
% of all US natural graphite imports between 2017 and 2020 [17].

In the US, the need to import versus develop existing domestic
mineral reserves (if any) is influenced by several factors, including the
availability of reserves, economic considerations, technological capa-
bilities, geopolitical risks, and sustainability concerns, as discussed in
the previous subsection. These factors widely differ and vary from
mineral to mineral. When domestic reserves are relatively accessible (e.
g., nickel or lithium) and extraction is cost-effective, countries may
prioritize developing their supply. However, challenges such as envi-
ronmental concerns, protected areas, high extraction costs, or limited
reserves can make domestic mining less attractive. Advances in extrac-
tion and recycling technologies can mitigate some of these challenges,
making previously uneconomical deposits viable. Conversely, if
extraction costs remain high or environmental concerns are significant,
countries may opt to rely on imports. If reserves are nonexistent, like in
the case of manganese and graphite, then domestic mining is not a
feasible option.

Geopolitical risks also play a critical role in the decision to import or
source domestically when reserves exist. Nations that rely on imports
from geopolitically unstable regions may diversify their sources to
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reduce supply chain vulnerabilities. On the other hand, countries may
avoid importing from certain regions if labor practices or political
conditions are problematic, even if they can cheaply secure minerals
through imports. For minerals with limited domestic reserves, like
manganese and graphite, imports are often the only viable option. The
sustainability of these imports ought to be a key consideration, partic-
ularly if minerals come from regions with poor environmental or labor
standards.

Currently, it appears that in the US case when demand for minerals
increases, the need to import versus develop domestic reserves is shaped
primarily by resource availability (e.g., quality and quantity of re-
serves), the feasibility of cost-effective extraction (e.g., the cost of do-
mestic extraction and processing, availability of production capacity and
infrastructure versus the cost of importing), as well as expected geopo-
litical risk and trade policies, which may force the development of do-
mestic reserves despite high costs. The nation also considers
sustainability factors (e.g., environmental and labor standards), but
these are often balanced against other factors. As the demand for battery
minerals continues to rise, the US will need to carefully weigh these
factors to ensure both secure and sustainable mineral supply chains [63,
70].

4. Concluding remarks

Securing a sustainable supply of critical minerals is essential for
supporting the global EV transition. Based on the synthesis of existing
literature provided in this study, we propose the concluding remarks
summarized in Fig. 4. First, there is a need to adopt mineral-specific
strategies to address sourcing challenges and manage battery mineral
price volatility effectively. This approach acknowledges that nations
vary significantly in the quality and quantity of their geological reserves,
as well as in their geopolitical and economic contexts. For instance, a
country with substantial lithium reserves but limited cobalt resources
may require distinct strategies for exploiting domestic lithium while
securing cobalt through imports or recycling initiatives. Such mineral-
specific strategies may help reduce transaction costs by tailoring solu-
tions to each mineral’s unique market dynamics.

Strategic recommendations for
battery mineral sourcing

Integrate
sustainability
into sourcing
policies

Adopt mineral-
specific sourcing
strategies

Invest in
technological
innovations

Fig. 4. Approaches for battery mineral sourcing. Source: Authors’ own
illustration.
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Designing a mineral-specific sourcing approach requires conducting
a comprehensive analysis of individual mineral commodities, consid-
ering factors such as local reserve quality, mining feasibility, existing
production capacity, and geographic distribution. This includes evalu-
ating viable import sources and tailoring strategies for each mineral
based on its unique supply chain dynamics. Additionally, this approach
emphasizes forming resilient trade partnerships for specific minerals
rather than adopting a generalized strategy for all critical minerals. For
example, policymakers might focus on securing nickel imports from
Canada, leveraging its stable supply and geopolitical alignment, instead
of crafting policies aimed at sourcing all critical minerals from a single
country. Such targeted partnerships enhance supply chain resilience
while optimizing resource allocation and reducing vulnerability to
geopolitical risks. Overall, we argue that a one-size-fits-all approach to
mineral sourcing could fail to account for the unique circumstances and
capacities of different mineral resources, which can lead to inefficiencies
and exacerbate existing challenges.

Second, we argue that sourcing policies should explicitly integrate
sustainability criteria, ensuring that environmental and social impacts
are minimized regardless of whether minerals are sourced domestically
or internationally. The environmental, social, and economic aspects of
sustainability should be prioritized by enforcing strict standards to
reduce ecological harm, such as limiting water usage, minimizing GHG
emissions, preserving natural habitats during mining operations, pro-
tecting workers, and ensuring fair benefits to local host communities.
For example, regulatory approaches can be used to mandate land
reclamation and ecological restoration post-mining to mitigate long-
term environmental damage; with financial assurance mechanisms to
hold mining companies accountable for site rehabilitation. Furthermore,
both the extraction and clean energy industry associations can play a
role in developing standards to facilitate the traceability of energy
transition minerals, and support recycling and circular economy initia-
tives to reduce dependency on newly mined materials. Additionally,
meaningful engagement with mining communities is essential to uphold
their rights, secure fair compensation, and address the social costs of
mining. By embedding ESG criteria into mineral sourcing policies, in-
dustries can promote responsible mining practices that align with sus-
tainability goals while supporting the growing demand for minerals in
EV production.

Third, we recommend investing in technological innovations across
three key areas. First, advancing technologies that enhance the sus-
tainability of mining and refining processes is essential for minimizing
environmental impact and boosting resource extraction efficiency. This
includes innovations such as energy-efficient refining techniques, waste
reduction strategies, and water recycling systems. Second, promoting
the circular economy offers substantial long-term benefits by facilitating
the recycling and reuse of battery materials, which reduces the need for
new mining operations. By focusing on technological advancements and
circular models, the industry can mitigate sustainability challenges,
lower reliance on primary resources, and foster a more sustainable en-
ergy transition that aligns economic growth with environmental stew-
ardship. One potential approach is the development of secondary
markets for reused minerals and materials. Finally, investing in in-
novations in battery chemistry can help reduce dependence on specific
minerals that are either scarce or associated with significant ecological
and resource challenges. This requires exploring mineral substitutes and
improving the overall substitutability of materials, contributing to both
resource diversification and sustainability.

Finally, to support the global transition to EVs, further research is
essential to refine these policy recommendations and address emerging
challenges. Policymakers must adopt a nuanced approach that carefully
integrates technological innovations, sustainability, and ethical con-
siderations into mineral sourcing and management strategies. This will
require ongoing collaboration and flexibility to ensure a resilient, sus-
tainable supply of battery minerals that supports both economic growth
and environmental goals.
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