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Abstract

The low-carbon energy transition is highly dependent on critical minerals (CMs), whose prices
are expected to increase. This raises the question of whether higher CM prices could improve
fiscal revenues in low- and middle-income countries (LMICs) that export these minerals, and
whether such gains would come at the cost of reduced affordability of low-carbon
technologies.

This paper contributes to quantifying this trade-off by examining the joint effects of higher
prices for four critical minerals — cobalt, copper, lithium, and nickel — on fiscal revenues in
exporting LMICs and on the prices of electric vehicles (EVs). Using data on mineral production,
current fiscal revenues (including from mining), EV material intensities across battery
technologies (NMC 811, NCA, and LFP), and projected CM prices, we construct stylized
scenarios in which a 5 percent levy would be applied by the exporting countries to mineral
values.

We find that a sizeable viability space exists between exporter revenues and EV affordability:
Even under substantially higher CM prices, fiscal revenues in several exporting LMICs could
increase markedly while EV prices would rise only modestly.

Despite several methodological limitations, including the omission of the CM processing
stage, which is largely controlled by Chinese firms, these results suggest that higher CM prices
need not pose a binding constraint on the low-carbon transition and may support policy
approaches based on fair trade and international cooperation between mineral-exporting
LMICs and importing economies.
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1. Introduction

The low-carbon energy transition requires large quantities of critical minerals (CMs) such as
cobalt, copper, lithium, and nickel (Gielen, 2021; Giurco et al, 2019; Watari et al.,, 2021). The
concept of mineral “criticality” refers to a combination of characteristics.

First, these minerals are essential inputs for key technologies and are difficult to substitute
(Carrara et al,, 2023). Second, their reserves are either scarce, geographically concentrated, or
unlikely to be extracted at a pace consistent with the rapid growth in demand associated with
the energy transition (IEA, 2023). Third, their extraction and processing can generate
significant environmental impacts, creating trade-offs between short-term economic gains
and long-term negative externalities (Weber, 2024).

In this context, a growing consensus holds that, absent major technological or social
breakthroughs, CM prices are likely to increase in the coming decades. For example, Boer et al.
(2021) project in an IMF Working Paper that demand shocks induced by the energy transition
could lead to substantial price increases for copper, nickel, cobalt, and lithium by 2040.

Against this backdrop, a growing literature examines whether and how countries with CM
reserves could benefit from rising prices, either passively or by proactively seeking to increase
them, for instance through coordination mechanisms such as cartels, or by improving their
position in global value chains by moving beyond the export of raw materials toward
downstream manufacturing (Fang, 2024; Fischer, 2011; Miller et al., 2023; Miiller, 2023; Nobletz
et al,, 2024; Omonbude and Mataba, 2024).

Recent policy developments illustrate these dynamics. China has implemented stricter export
controls on several rare earth elements and related products, creating supply bottlenecks for
downstream firms (Malik, 2025). Similarly, Indonesia has progressively phased out nickel ore
exports, culminating in a full ban in April 2022, alongside regulations requiring domestic
processing prior to export (IEA, 2024).

At the same time, higher prices originating in mining or processing countries are often
perceived as a threat to the affordability of the low-carbon transition in importing regions such
as the European Union, which rely heavily on CMs either as raw materials, processed inputs,
or embedded in final goods (Fajgelbaum et al., 2020; Nakhle, 2023). This concern is reflected in
the EU Critical Raw Materials Act (CRMA), adopted in 2024, which seeks to expand domestic
production, processing, and recycling capacity while reducing dependence on dominant
external suppliers.

Despite increasing attention to these issues, a quantified understanding remains lacking of
the extent to which higher CM prices generate trade-offs between improving fiscal revenues
in exporting LMICs and preserving the affordability of low-carbon technologies. This empirical
gap limits the ability of policymakers to design and implement effective CM-related strategies,
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including those embodied in the CRMA.

Against this backdrop, we assess how potential price increases for four CMs, cobalt, copper,
lithium, and nickel, could simultaneously affect fiscal revenues in exporting LMICs and the
prices of electric vehicles (EVs). We differentiate across battery technologies (NMC 811, NCA,
and LFP) and combine data on the geographical concentration of CM production, the evolution
of mineral content in EV batteries, current mining-related fiscal revenues, and scenarios of
CM price increases — based on both this historical peak of 2022, and projections from an IMF
working paper (Boer et al,, 2021).

We find that a large “viability space™ exists, meaning that CM prices could increase
substantially, thereby benefiting exporting LMICs, without significantly affecting EV
affordability. For example, a hypothetical 5 percent levy applied to the four CMs considered
could increase mining-related fiscal income by more than 10 percent in countries such as the
Democratic Republic of Congo and Zambia, while raising final EV prices by only 0.1 to 1.1
percent, depending on battery technology.

These findings carry important policy implications. In particular, they suggest that high-
income countries without CM reserves could pursue forms of “fair trade” with exporting LMICs
by accepting higher mineral prices that improve fiscal outcomes in producer countries
without jeopardizing the low-carbon transition.

We also discuss key limitations of the analysis, including the omission of downstream
processing stages, which remain largely controlled by a small number of firms and countries,
particularly China.

The rest of the paper proceeds as follows. Section 2 reviews the literature on the
macroeconomic relevance of CMs. Section 3 describes the data and methodology. Section 4
presents the key results. Section 5 discusses policy implications and limitations. Section 6
concludes.

1 Viability space can be understood as the set of conditions under which a system can function sustainably given existing
constraints. In our case, it refers to the extent to which the price of CMs can fluctuate within ranges that make them
interesting for both extracting countries and end users.
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2. Literature Review: the criticality of minerals and their
potential macroeconomic implications

Critical minerals (CMs) are essential inputs for a range of key industries, including low-carbon
energy technologies such as electric vehicles, solar panels, and wind turbines, as well as
information and communication technologies, drones, and satellites. Demand for these
minerals is expected to increase substantially by 2040 (Carrara et al., 2023; Giurco et al., 2019;
Lee et al, 2020; Maisel et al,, 2023; Marscheider-Weidemann et al., 2021).

For some minerals, including lithium, cobalt, and nickel, projected demand may exceed
available supply in the near future (Schlichenmaier and Naegler, 2022; ETC, 2023). Given their
importance for military equipment, access to CMs is also increasingly treated as a national
security concern (Shiquan and Deyi, 2023).

Production and processing of CMs are highly concentrated at both the country and firm level.
Mining deposits are located in a small number of countries, particularly for cobalt, lithium, and
nickel. In 2024, cobalt production was dominated by the Democratic Republic of Congo, which
accounted for approximately 75 percent of global output, while Indonesia, with a share of
around 9 percent, is expected to increase its contribution to 18.5 percent by 2028 (S&P Global,
2024; USGS, 2025a). Indonesia also accounted for around 60 percent of global nickel production
(USGS, 2025c).

Over the same period, lithium production was largely concentrated in a small group of
countries, including Australia (36 percent), Chile (20 percent), China (17 percent), Zimbabwe (9
percent), and the United States (7 percent) (USGS, 2025b). This concentration becomes even
more pronounced at subsequent stages of the value chain, particularly in processing and the
production of intermediate goods for low-carbon technologies (IEA, 2022b).

In particular, Chinese firms dominate processing activities, controlling 100 percent of graphite
processing, more than 90 percent of rare earth element processing, 93 percent of manganese
processing, 43 percent of copper processing, 58 percent of lithium processing, and 70 percent
of cobalt processing.

In addition, the mining industry itself is characterized by an oligopolistic structure, dominated
by a limited number of large multinational corporations and state-owned enterprises
operating across multiple jurisdictions (Eyl-Mazzega and Mathieu, 2019). The five largest
mining companies control approximately 61 percent of global lithium output and 56 percent of
cobalt output (IRENA, 2023). While ownership of mining companies is formally dispersed
across countries, ultimate control is highly concentrated in financial institutions located
primarily in the United States (Lapeyronie et al., 2025).

In this context, and against the backdrop of growing geoeconomic fragmentation, new risks
related to CM supply may be emerging. For example, global nickel prices rose sharply following
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the Russian invasion of Ukraine, reflecting the fact that one of the largest global nickel
producers is based in Russia (Johnston, 2022).

More broadly, international and domestic conflicts could lead to infrastructural destruction or
mine closures, severely disrupting mineral supply and further increasing CM prices (IRENA,
2023; Kalantzakos, 2020; Teer and Bertolini, 2023; Saadaoui et al., 2025). Looking ahead, Boer et
al. (2021) project that, even abstracting from geoeconomic fragmentation, demand shocks
induced by the energy transition could lead to substantial price increases for copper, nickel,
cobalt, and lithium by 2040.

Disruptions or shortages in CM supply could have wide-ranging economic effects, including
impacts on energy markets (Chen et al, 2022), industrial production and supply chain
management (Dou et al., 2023; Keilhacker and Minner, 2017; Liu et al,, 2021; von Dzengelevski
and Netland, 2017), financial markets (Chen et al, 2022; Gong and Xu, 2022; Haq et al,, 2022;
Kamal and Bouri, 2023; Reboredo and Ugolini, 2020), and the pace of the low-carbon energy
transition itself (Apergis and Apergis, 2017). For instance, Apergis and Apergis (2017) find that
rare earth price fluctuations significantly influence long-run renewable energy consumption.
Attilio (2025) shows that, at an aggregate level, CM price shocks negatively affect the low-
carbon transition, even though price shocks for individual metals do not always exhibit
statistically significant effects.

CM producing countries play an active role in the supply of CMs. In this context resource
protectionism refers to policies adopted by mineral-producing countries to enhance domestic
value retention and move up global value chains. Shifting from the export of raw materials to
higher value-added activities is often pursued as a development strategy aimed at
internalizing more stages of production, raising wages, generating specialized employment,
and creating demand and productivity spillovers.

These strategies are frequently motivated by efforts to regain control over national resources
and increase economic sovereignty, thereby strengthening the position of mineral-rich
countries within global supply chains (Crescenzi and Harman, 2022). An increasing number of
mining countries have adopted policy instruments that directly influence CM prices, with
export taxes among the most prominent measures (Przemyslaw, 2023). Other tools include
export quotas, minimum export prices, embargoes, and licensing requirements (IRENA, 2023;
Teer and Bertolini, 2023).

Developments often viewed as threats by advanced economies can therefore represent
opportunities for countries in exporting LMICs. By creating incentives for local investment and
increasing export taxes on CMs, producing countries can attract downstream activities and
increase domestic value capture (Miiller, 2023). Given the combination of concentrated supply
and strong, geographically diversified demand, mineral-producing countries may occupy a
relatively strong bargaining position in global markets.
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Despite these dynamics, the macroeconomic and financial implications of higher CM prices
and resource protectionist policies remain underexplored in the literature. Existing work often
remains at a descriptive level and rarely quantifies trade-offs. In particular, little is known
about the extent to which there is a “viability space” between increased fiscal claims on CM
exports by LMICs and the ability to continue reducing the cost of low-carbon technologies. In
other words, the potential trade-offs between the goals of increased financial revenues for
LMICs and the affordability of low-carbon goods? largely remains to be assessed.

3. Research question, methodology and data

Our study aims to quantitatively assess the potential trade-offs between increasing fiscal
revenues in mineral-exporting countries and maintaining the affordability of low-carbon
technologies. We seek to identify the “viability space”between these two objectives, defined as
the range of mineral price increases that would be beneficial for low- and middle-income
countries (LMICs) while not significantly undermining the incentives for households and
other economic agents to adopt low-carbon technologies.

We address this question by analyzing the joint effects of potential increases in CM prices on
fiscal revenues in LMICs with mineral reserves and on the prices of electric vehicles (EVs)
produced using different battery technologies. Our focus on EVs is motivated by their central
role in future demand for CMs.

The International Energy Agency projects that approximately 45 percent of mineral
requirements for low-carbon energy technologies will be used in EVs and battery storage
systems (IEA, 2024). In particular, demand for lithium, graphite, nickel, and cobalt is largely
driven by EV battery technologies. To reflect differences in technology choices across regions
and evolving market shares, we consider three battery chemistries: NMC 811, NCA, and LFP.

More specifically, we construct a stylized scenario in which a hypothetical 5 percent levy is
applied to the future potential value of cobalt, copper, lithium, and nickel mined in each
exporting country. We assume that this levy (i) fully accrues as fiscal income to the extracting
country, and (ii) is fully passed through to final EV prices.

2While some related research examines the inflationary effects of CM price shocks, this literature does not directly address
the distributional trade-offs at the core of this paper. For example, Miranda-Pinto et al. (2024) use a production network
model to study the effects of metal price shocks on headline and core inflation, finding that metal price shocks may become
more persistent and dispersed as global reliance on metals increases. Similarly, Considine et al. (2023) analyze the
interaction between CM prices, oil prices, and inflation, showing that oil prices exert a stronger influence on CM prices than
vice versa, with asymmetric effects across positive and negative shocks.
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We consider two representative vehicle types, in addition to the three battery technologies
discussed above: a standard vehicle with an initial price of USD 50,000 and a small vehicle
priced at USD 20,000. While deliberately simplified, this scenario allows us to estimate the
order of magnitude of the fiscal gains that higher CM prices could generate for exporting
countries, as well as the potential affordability impacts for final consumers. In doing so, it
provides a transparent way to assess the extent to which the objectives of higher fiscal
revenues and low-cost of EVs can be reconciled.

3.1 Data compiled to generate the scenarios

To generate scenarios that jointly capture fiscal gains for exporting countries and price
impacts on EVs, we combine four types of data:

8y

(iif)

The quantities of CMs required for different EV battery technologies and vehicle
sizes (Table 1): We derive these quantities from the GREET2 modelling framework
(Wang et al,, 2024), as reported in Table 1. In line with GREET2, we assume a standard
vehicle with an 84 kWh battery and a total weight of 1,800 kg, and we then consider
a smaller vehicle with a 67 kWh battery and a weight of 1,435 kg. To calculate the
material requirements of the smaller vehicle, we assume that vehicle weight scales
linearly with battery capacity;

Projections of evolution of the price of CMs (Table 2): Our first price is anchored in
the historical peak of 2022 — using the annual average of that year's monthly prices,
sourced from the S&P mining dataset (S&P Global, 2025) — a period marked by
exceptionally elevated commodity costs. Consequently, the 2022 data can be
interpreted as representing a plausible short-term "perfect storm" scenario for CM
prices. For forward-looking shocks, we employ the 2030 and 2040 price projections
modeled by Boer et al. (2021). Their analysis is based on the International Energy
Agency’s (IEA) Net-Zero Emissions by 2050 (NZE) scenario. Based on these datasets
and the one described above, we calculate the cost share of CMs per EV of different
battery technologies (Table 3). For the calculation of the cost share of CMs per EV
we assume for the mid-sized EV (84 kWh) a final price of $50.000, and for the smaller
EV (67 kWh) a price of $20.000.

Geographical concentration of CM production (Table 4): To identify which countries
stand to benefit from potential increases in CM prices, we rely on data on the
geographical distribution of production for each mineral. Specifically, we use 2022
production data from the US Geological Survey (USGS) for the four CMs considered
in this study. These data allow us to map mineral production to the battery
technologies in which each mineral is used.
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(iv)  Mining-related fiscal income by country (Table 5): We construct a dataset on
mining-related fiscal income for 2022 covering 13 countries, based primarily on
country reports from the Extractive Industries Transparency Initiative (EITI). Our
sample includes countries participating in the EITI that report fiscal data for 2022.
Where data gaps arise, we apply assumptions detailed in the supplementary

material.

Table 1: Material quantities of Critical Minerals per vehicle (kg)

NMC 811 LFP NCA NMC 811 (small) LFP (small) NCA (small)

|
aluminium | 1918 191.8 1934 152.9 152.9 154.3
cobalt | 72 00 117 5.7 0.0 9.3
copper | 772 712 772 61.5 61.5 61.5
iron | 9339 958.6 933.9 744.9 764.6 744.9
lithium | 84 92 00 6.7 7.3 0.0
manganese | 6.7 0.0 0.0 5.3 0.0 0.0
nickel | 57.2 0.1 611 45.6 0.0 48.7

Source: Adapted from Wang et al. (2024), based on GREET 2 model.

Table 2: Price per mineral real' and projected? (per tonne in US-dollar) for cobalt, copper,

lithium, and nickel

2022" 20302 2040?
Cobalt 63,269 234,703 64,369
Copper 8,742 8,107 6,398
Lithium 70142 17,924 12,235
Nickel 25,558 33,079 38,956

Sources: 'S&P Global (2025); ?Boer et al. (2021).
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Table 3: Material cost share of minerals (cobalt, copper, lithium, nickel) as a percentage of
final price of EV, according to different price developments and battery technologies

Battery Technology

LFP standard EV

LFP small EV

NCA standard EV

NCA small EV

NMC 811 standard EV

NMC 811 small EV

2022" 20307
1.52% 1.6%
3.80% 3.2%
2.04% 10.8%
518% 21.5%
2.24% 8.7%
12.67% 17.3%

20407

1.2%

2.4%

7.3%

14.5%

6.6%

13.1%

Note: Underlying material per technology taken from Table 1, based on Wang et al. (2024). Underlying prices are
taken from Table 2 ('S&P Global (2025); ?Boer et al. (2021)).

Table 4: Distribution of the extraction of the four critical minerals considered in our study

Country

Argentina

Brazil

Chile

Cote d'lvaire

DRC

Gabon

Ghana

Guinea

Indonesia

Kazakhstan

Madagascar

Mexico

Mozambique

Papua New Guinea

Peru

Philippines

Ukraine

Zambia

Cobalt

130,000

10,000

3,000

3,000

3,800

(2022)

Copper Lithium

8,630

10,000

5,330,000 49,000

2,350,000

241,000

593,000

734,000

2,450,000

797,000

Source: USGS (2023)

Nickel

88,500

1,580,000

345,000



IEP@BU Policy Brief 11

Table 5: Fiscal income from mining of 13 countries in 2022 (based on EITI country reports)

Income from Fiscal income from Fiscal income from
minerals (Mio. $) minerals total mining
(including coal,
gas, and oil)

Argentina | 451 0.5% 3.8%
Chile | 6961  8.9% 8.9%
Cote d’ivoire | 306 2.4% 5.5%
DRC | 7038 38.2% 40.0%
Gabon | 163 4.5% 68.0%
Ghana | 1041 6.7% 6.7%
Guinea | 458 17.1% 17.1%
Indonesia | 7787 5.1% 8.2%
Madagascar | 15 17% 1.7%
Papua New Guinea | 500 3.0% 26.7%
Peru | 7337 13.0% 18.4%
Philippines | 563  1.5% 2.2%
Zambia | 1266  40.0% 44.0%

Source: EITI country reports (2023)

4. Key results

This section presents the core results of the paper. We first examine the fiscal impacts of a
hypothetical 5% levy on CM production under 2022 price levels — a year in which the price of
several CMs significantly increased. We then extend the analysis to projections of higher CM
price scenarios for 2030, and 2040 (note that all fiscal impacts are expressed relative to
observed fiscal income in 2022, rather than projected future revenues). Finally, we assess the
implications of these price increases for electric vehicle (EV) affordability and synthesize the
results through the concept of a ‘viability space’.

4.1 Fiscal impacts of a potential levy on the value of critical minerals
Figure 1.A presents the impacts of a 5% levy on the value of cobalt, copper, lithium, and nickel
production under 2022 prices, and under theoretical prices for 2030 and 2040 as projected by
Boer et al. (2021). The results reveal substantial heterogeneity across the countries considered
(countries for which the impact is null or marginal not being listed in the figure), reflecting
differences in mineral endowments and production profiles. Countries with strong
specialization in one or more of the four minerals experience sizable fiscal gains relative to
their observed mining-related revenues.
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Figure 1: Fiscal income impact of a 5% levy on critical minerals exports under three price
scenarios (2022, 2030 and 2040)

30 4 - 2022
w2030
. 2040

= [ [ (8]
(=] w o w
L 1

Increase in fiscal income (% of 2022 baseline)

w
L

9]
e
[a]

Zambia
Madagascar
Chile
Indonesia
Philippines
Peru
Argentina
Brazil

Bolivia

Source: Fiscal income data. EITI country reports (2023), IMF and World Bank; CM price data: S&P Global (2025) and
Boer et al. (2021) EV material data: GREET 2 model (Wang et al. 2024); Resource production data: USGS (2025).

In particular, the Democratic Republic of Congo (DRC) and Zambia stand out, with fiscal gains
exceeding 10% of their 2022 mining-related fiscal income (blue bars). These large effects reflect
both the importance of cobalt and copper — which are abundant in the EV battery technologies
considered — in their export baskets and the relatively limited size of existing fiscal revenues
from the mining sector.

Other countries, such as the Philippines, Brazil and Bolivia would experience more moderate
gains from our scenario. This reflects the fact that our study covers only four CMs and their
use in three EV battery technologies. In other words, while fiscal revenues in these CM-
extracting countries could also be positively affected by a levy on rising CM prices, such effects
are not necessarily captured within the narrow set of CMs and technologies assessed here.

When extending the analysis to projected CM price levels for 2030 (orange bars) and 2040 (blue
bars) — based on the Net Zero Emissions scenario projections of Boer et al. (2021), and while
holding fiscal baselines constant at their current levels — the fiscal gains generated by the
same 5% theoretical levy rise mechanically. By 2024, fiscal gains for highly specialized
exporters are already noticeably larger than in the 2022 baseline. By 2030, these gains increase
substantially, and by 2040 they can reach several tens of percent of current mining-related
revenues in the most exposed countries.

While such gains are purely theoretical — given that fiscal incomes are kept constant — these
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results highlight the strong sensitivity of exporter fiscal outcomes to CM price dynamics. Even
without changes in production volumes, tax rates, or institutional arrangements, rising CM
prices alone could significantly expand fiscal space for some exporting low- and middle-
income countries.

4.2 Impacts on electric vehicle prices
We now turn to the implications of higher CM prices for EV affordability. Figure 2 shows the
effect of a 5% levy on CM prices of cobalt, copper, lithium, and nickel on final EV prices,
differentiated by battery technology (LFP, NMC 811 and NCA) and vehicle size (small and
standard EV), based respectively on observed prices for 2022 and on Boer et al.’s (2021) price
projections for 2030 and 2040. In our scenario, we assume that the increase in price due to

the levy is simply passed through to final prices, with an initial EV price of USD 20K (small
EV) and USD 50K (standard EV) respectively.

Figure 2: Increase in EV prices resulting from a 5 percent levy on 2030 prices (as projected
by Boer et al., 2021), by battery technology and vehicle size

2022 prices 2030 prices 2040 prices

-
=

= Small BV
mmm Standard EV

Increase in final EV price (%)
e =2 =2 A el
- = =] (=] N

=
a

LFP NMC 811 NCA LFP NMC 811 NCA LFP NMC 811 RCA

Note: we assume a standard EV (84 kWh) at the final price of $50.000 and a smaller EV (67 kWh) at the
price of $20.000.

Source: Fiscal income data. EITI country reports (2023), IMF and World Bank; CM price data: S&P Global (2025) and
Boer et al. (2021); EV material data: GREET 2 model (Wang et al. 2024); Resource production data: USGS (2025).

Across all scenarios, the impact on EV prices remains modest. Depending on battery chemistry
and vehicle size, a 5% increase in CM prices raises final EV prices by between approximately
0.1% and 1.4%. Even in the upper range, these price increases remain small relative to total
vehicle costs. For instance, even if prices were to increase as much as projected by Boer et al.
(2021) by 2040 with the technological developments projected by the IEA, the maximum
increase in EVs would be of less than 1.4% for small vehicles produced with the NCA
technology (last blue bar in Figure 2). Moreover, LFP-based vehicles are the least affected,
reflecting their lower reliance on cobalt and nickel, while NCA-based vehicles display the
highest sensitivity.
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Taken together, the results presented above point to the existence of a large ‘viability space’
between exporter fiscal revenues and EV affordability. On the one hand, rising CM prices can
generate substantial fiscal gains for exporting LMICs. On the other hand, the corresponding
impact on EV prices remains limited.

This asymmetry suggests that higher CM prices do not necessarily constitute a binding
constraint on the deployment of EVs or, more broadly, on the low-carbon transition. Instead,
they open scope for policy approaches that reconcile development objectives in exporting
countries with climate mitigation goals in importing regions.

5. Policy implications and limitations

5.1 Policy implications

We find that higher CM prices can be associated with a moderate increase in the final price of
EVs alongside a substantial rise in fiscal revenues for mineral-exporting countries. These
results have important policy implications. In particular, they suggest that high-income
countries without CM reserves could pursue partnerships with exporting countries by
accepting higher mineral prices, thereby establishing a form of “fair trade” that supports fiscal
outcomes in producer countries without materially undermining the affordability of low-
carbon technologies.

Such an approach would need to be embedded in a broader strategy. High-income countries
without domestic CM reserves could employ stockpiling, targeted industrial partnerships, and
measures aimed at reducing demand. Each of these approaches entails specific challenges.

First, in addition to fair trade arrangements, countries lacking domestic CM reserves may
pursue stockpiling strategies (Gros, 2023). Australia, for example, has committed AUD 1.2
billion to establish a flexible CM reserve, including pre-purchase agreements and selective
stockpiling, with potential access for international partners. However, there is limited
evidence that stockpiling alone can provide sufficient guarantees or flexibility to respond
effectively to material supply crises (Hache et al,, 2023; Hache and Jeannin, 2023).

Where production volumes are low, stockpiling may significantly distort markets and push
prices upward, generating higher costs and increased volatility for importing regions such as
the EU. In addition, countries with substantial market power could respond strategically to
such measures, potentially necessitating complex and politically sensitive stockpiling
strategies (Bourgery-Gonse, 2025).

Second, rather than setting broad and uniform objectives across all CMs, as is currently the
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case in both the EU?® and the United States, a more effective approach may involve focusing on
a limited number of strategic technologies through targeted industrial policy. From this
starting point, governments could then develop tailored strategies to secure the specific
minerals required for these technologies.

Such an approach would challenge the prevailing reliance on market mechanisms,
particularly within the EU, and would also need to acknowledge the central role of China. Over
several decades, China has treated mineral resources as a matter of national security and has
pursued a comprehensive strategy spanning extraction, processing, advanced manufacturing,
and downstream products such as rare earth magnets, batteries, and electric vehicles. Given
the dominant role of Chinese firms in CM processing, a pragmatic strategy to secure supply
may need, under certain conditions, to include Chinese investments accompanied by
negotiated technology transfers. It should also build on existing strengths in research and
development, consider medium-term demand trends, explore the use of price floors, and
strengthen partnerships with third countries (Massot, 2025).

Third, some countries and regions, including the EU, could seek to reduce demand for CMs by
promoting sufficiency. Sufficiency is defined as a set of policies and practices that limit
demand for energy, raw materials, land, and water while ensuring wellbeing and respecting
planetary boundaries (IPCC, 2021). According to Hache (2023), sufficiency measures could play
a central role in addressing CM supply challenges while simultaneously reducing
environmental externalities associated with large-scale deployment of low-carbon
technologies, yet they remain largely absent from European policy debates.

Designing lighter EVs, for instance, would reduce battery size and therefore lower dependence
on CMs used in transport and electricity generation. At the same time, reducing the EU’s
critical raw material footprint through lower and more efficient consumption would require a
profound rethinking of material use patterns.

Such a shift would need to embed considerations of environmental and economic justice to
ensure that lower-income households are not excluded from access to essential technologies
for housing, mobility, and heating. Moreover, manufacturing industries may resist the
transition toward more resource-efficient products, as it could imply lower sales volumes and
reduced turnover.

3 The EU’s Critical Raw Materials Act (CRMA) was formally adopted by the Council of the European Union in March 2024
(CRMA, 2024). The CRMA establishes three ambitious benchmarks for the EU’s annual consumption of raw critical
materials, to be achieved by 2030: 10% of critical raw minerals should be extracted locally, i.e. within the EU; 40% should
be processed in the EU; 25% should come from recycled materials; no more than 65% of the EU's annual consumption of
any single strategic raw material should come from one single third country.
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5.2. Limitations
Our approach is limited by data availability and some key assumptions.

Publicly available data that we're using has a time lag. To provide a broader base of countries,
we decided to select 2022 as a base year as for this year most countries of the EITI initiative
provide data. Newer data becomes available with time and should be used in further research.

In order to provide a more realistic estimation of the effects of changes in the input prices on
final prices, detailed supply chain data would be essential. However, detailed data on the
supply chain of electric vehicles is only available at high cost. To still allow for a more realistic
approximation of costs, a general multiplier could be applied to the price increase.

To calculate the effect of a hypothetical levy on CMs we assume that 100% of the revenues
obtained become fiscal income. In reality, the collection of taxes or tariffs is not as efficient.
First, mining is mostly controlled by transnational companies. As a result, the effective level
of taxes paid can significantly lower than legally prescribed. Second, the collection of taxes
requires administrative capacities which represent a cost and which are sometimes lacking
in those countries considered. Both considerations would reduce the effective increase in
fiscal income.

Lastly, our study focuses on mining countries which does not account for risks and actors
along the remaining supply chain. As the processing of CMs is strongly concentrated among
a few firms and countries, most particularly Chinese ones (as discussed in Section 2), prices
and the supply of CMs are subject to actors there.

6. Conclusion

This paper shows that rising prices of CMs need not represent a binding constraint on the low-
carbon transition. By jointly analyzing fiscal impacts for exporting LMICs and affordability
effects for electric vehicles, we identify a substantial viability space in which higher mineral
prices can generate meaningful fiscal gains for producers while only modestly affecting EV
prices.

This suggests that policies allowing for higher CM prices, including through forms of fair trade
and international cooperation, could reconcile development objectives in exporting countries
with climate mitigation goals in importing regions. Future research should extend this
analysis to downstream processing stages and broader low-carbon technologies.
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