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Abstract: The growth of the global electric car industry is influenced by various economic factors,
including nickel prices, nickel export volume, and nickel production quantity. This study aims to
quantitatively analyze the impact of these three variables on global electric car sales trends over
the period 2014-2023. The method used is a quantitative approach with multiple linear regression,
using annual secondary data from national and international sources. The results show that nickel
price and nickel export volume have a positive and significant influence on global electric car sales
trends. In contrast, the amount of nickel production shows no significant effect. These findings
emphasize the importance of maintaining price stability and strengthening nickel exports as
strategies to support the growth of the global electric vehicle market. In the future, further
research needs to examine the impact of other external factors such as energy transition policies,
battery technology development, and mineral supply chain dynamics in more depth using a
longitudinal approach or dynamic economic model.
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INTRODUCTION
The global transformation towards sustainable mobility has undergone significant acceleration in

recent years, with electric vehicles being a manifestation of efforts to decarbonize the transportation
sector which contributes around 24% of total global greenhouse gas emissions. In 2018, the amount
of carbon dioxide emissions that cause greenhouse gases (GHG) from the energy sector reached
595,000,000 tons of CO2, of which 28% came from the transportation sector (Mantik & Sukadana,
2024). The global electric car market is registering exponential growth with a compound annual
growth rate (CAGR) of 32% over the period 2018-2023, surpassing initial industry projections and
making it one of the segments with the highest rate of expansion in the global economic landscape
(International Energy Agency, 2023). This shift is driven by the need to reduce carbon emissions,
improve energy efficiency, and meet increasingly stringent consumer demands and environmental
regulations. Nickel-bearing lithium-ion battery-powered vehicles do make a positive contribution to
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climate change mitigation through reduced greenhouse gas emissions and improved urban air quality

indicators. However, the life cycle of this technology presents ecological complexities that should be
considered, especially in the upstream phase of nickel extraction and refining, which is extractive of
natural resources. The process not only consumes energy on a large scale but also has an impact on
the degradation of aquifer quality and terrestrial ecosystems in mining areas. In addition, the
production of batteries with high nickel content can lead to increased sulfur oxide (SOx) emissions and
greater exploitation of water resources. Thus, there is a trade-off between the environmental benefits
derived from the use of electric vehicles and the negative impacts generated by the supporting stamp
supply chain. On the other hand, the main reasons consumers choose electric cars are the desire to
contribute to environmental conservation, operational cost savings, government incentives, and the
social image and status attached to the use of green technology.

The exponential increase in global demand for electric vehicles has triggered significant
growth in the need for nickel as a critical component of lithium-ion batteries. This phenomenon places
countries with massive nickel reserves such as Indonesia in a favorable geopolitical position in the
global supply network. As the holder of the largest nickel reserves globally, Indonesia has
implemented an industrial downstream strategy through restrictions on raw material exports and
stimulus for the development of domestic battery and EV industry clusters. This policy move has a
double impact: on the one hand, it increases ecological complexity due to the intensification of nickel
mining and processing operations that generate harmful pollutants and residues. In this case, the
implementation of sustainable policies that include the adoption of clean energy and circular systems
becomes imperative to balance industrial growth with environmental preservation. One of the key
factors determining the success of this transition is the availability and management of the main raw
material for electric vehicle batteries, nickel. Nickel is a vital component in Lithium-ion batteries,
especially the lithium nickel cobalt manganese oxide (NMC) type, which is widely used in electric cars
due to its advantages in energy density, durability, and cost efficiency (Popovic et al., 2021). Therefore,
the dynamics of nickel prices, export volumes, and the amount of nickel production are strategic issues
that greatly affect the sales trend of electric cars globally. In the ecosystem of electric vehicle battery
technology, nickel holds a strategic position as a crucial component in the production of high-
performance lithium-ion batteries. The significance of nickel is particularly prominent in NMC (Nickel
Manganese cobalt) and NCA (Nickel Cobalt Aluminum) cathode technologies that are predominantly
used in the long-range electric vehicle segment with a market share reaching 73% by 2023. The
evolution of cathode technology shows a trend of consistently increasing nickel content at a ratio of
1:1:1 (NMC111) with 33% nickel in the early generation to 8:1:1 (NMC811) with nickel content
reaching 80%, increasing the energy density to 50-80% higher than previous technologies (Chen et al.,
2020). Empirical data shows that every additional 10% nickel content in the cathode formulation
results in a 20-25Km increase in vehicle range, making nickel a key enabler in overcoming "range
anxiety" which is a major psychological barrier to electric vehicle adoption (Olivetti et al., 2017).

Based on theoretical studies, there is a mutually influential relationship between nickel prices,
export volumes, and the amount of nickel production on the development of global electric car sales.
The growing demand for nickel, especially for electric vehicle battery needs, has the potential to push
up nickel prices on the international market. This increase in nickel prices can ultimately have an
impact on increasing the production costs and selling prices of electric cars, thus affecting the
competitiveness and adoption of electric vehicles in various countries (Pandyaswargo et al., 2021). In
addition, the volume of nickel exports from producing countries, such as Indonesia, is highly
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dependent on export restrictions or bans, which will reduce the supply of nickel in the international

market and trigger price fluctuations. Meanwhile, domestic nickel production capacity to reflect the
industry's ability to meet growing demand, both for domestic needs and exports. Previous studies
have generally highlighted the importance of efficient and sustainable nickel supply chain
management, the need to diversify raw material sources, and the development of recycling
technologies to maintain industry stability and reduce environmental impacts. However, most
previous studies have focused on one aspect only, such as recycling analysis, export policies, or
environmental impacts, and not many have examined the relationship between nickel prices, export
volumes, and production simultaneously and quantitatively on global electric car sales (Alam et al.,
2025). Therefore, this study aims to analyze simultaneously the effect of nickel prices, export volumes,
and also the amount of nickel production on global electric car sales trends using multiple linear
regression methods.

LITERATURE REVIEW

Previous studies have discussed the link between the growth of electric vehicles and the availability
and market dynamics of key minerals, including nickel. Research by Popovic et al. (2021) emphasizes
the importance of nickel as a key material in lithium-ion batteries, particularly in the context of energy
density and durability. Similarly, Chen et al. (2020) and Olivetti et al. (2017), which showed a
correlation between increasing nickel content in cathode formulations and electric vehicle
performance and range, making nickel a strategic material in the global energy transition.

In addition, several other studies such as those conducted by Pandyaswargo et al. (2021) and
Haryadi et al. (2024) highlighted the policy aspects of nickel down streaming in Indonesia, as well as
its impact on battery industry investment and international trade strategies. These studies underline
the importance of nickel supply stability and price control in maintaining the growth of electric
vehicles globally.

However, most of the previous studies are partial and do not integrate the three main
variables simultaneously, namely nickel price, export volume and production quantity, in relation to
global electric vehicle sales trends. Some only focus on environmental aspects, technological
efficiency, or trade policy, without conducting thorough empirical testing through a quantitative
approach.

Therefore, this research is here to fill this gap by quantitatively analyzing the relationship
between the three key nickel market variables and the dynamics of global electric car sales. This
approach is expected to provide a more holistic and accurate picture of how Indonesia's strategic role
as a global nickel producer can affect the electric vehicle industry at a macro level.

RESEARCH METHODS

This study uses a quantitative approach with multiple linear regression methods, which aims to
determine the effect of independent variables on the dependent variable. In this study, there is one
dependent variable, namely electric car sales trends, as well as three independent variables, namely
nickel prices, nickel export volumes, and nickel production.
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The data used is secondary data obtained from several official institutions. Nickel price data

for 2014-2023 was taken from the Ministry of Energy and Mineral Resources (ESDM). Meanwhile, data
on the volume of nickel exports and the amount of nickel production are sourced from the Central
Statistics Agency (BPS) and also Databox which cites BPS data. For global electric car sales trends, data
was obtained from International Energy Agency (IEA) reports and publications.

The scope of this study focuses on the relationship between the development of the nickel
industry in Indonesia and the global trend of electric car sales. The population in this study is all annual
data for the past ten years relating to nickel prices, export volumes, production quantities, and electric
car sales. Since this study uses time series data, no individual sampling is done, but rather the entire
current year's data is used as the unit of analysis.

Before regression analysis, classical assumption tests were conducted, namely normality test,
heteroscedasticity test, and multicollinearity test. The test results show that the residual data is
normally distributed. There is no multicollinearity problem because the Variance Inflation Factor (VIF)
values of the three variables are below 10. In addition, the model also passes the heteroscedasticity
test, with an Obs*R-squared probability value of 0.0772 (>0.05). Thus, the regression model used has
met the eligibility requirements for further analysis.

RESULTS AND DISCUSSION

In the midst of global efforts to reduce carbon emissions, electric cars are now symbolizing major
changes in the automotive industry. However, behind these technological advancements, one key
commodity is nickel. Nickel is not just another metal, it's an essential raw material for the lithium-ion
batteries that power modern electric cars. Without nickel, electric cars would not be able to compete
in terms of durability, efficiency and price.

Indonesia, as the owner of the world's largest nickel reserves, is now at the forefront of the
industrial revolution, in this case electric vehicles. The nickel ore export ban policy implemented since
2020 has not only changed the global trade map, but also encouraged the growth of the domestic
battery and electric car industry. The world's battery producers have had to adjust their strategies, as
nickel supplies are now mostly absorbed for Indonesia's domestic needs and the development of
downstream industries (Pirmana et al., 2023; Pandyaswargo et al., 2021).

Based on Figure 1, it can be seen that the demand for electric cars continues to increase
globally, this has led to an increase in the need for nickel as the main material for batteries. Projected
sales of battery-based electric cars are expected to reach 145 million units by 2025, far surpassing
fossil fuel cars. This makes nickel a strategic commodity that many countries are fighting over (Haryadi
et al., 2024).
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Appropriate nickel policies and management, such as technology development, human
resource quality improvement, and battery industry infrastructure development, are key to Indonesia
becoming not only a supplier of raw materials, but also a major player in the global electric car and
battery market (Pandyaswargo et al., 2021; Haryadi et al., 2024). Thus, nickel and electric cars are
closely linked: the advancement of electric cars drives demand for nickel, while good nickel
management will strengthen Indonesia's position on the stage of the future automotive industry.

Nickel Mineral Price

The main finding of this study is that there is a positive and significant effect of nickel prices (X1) on
electric car sales trends (Y), with a regression coefficient of 150.2801. This result shows that if every
unit increase in the price of nickel (Rp / ton), it will increase electric car sales by 150.2801 units,
assuming other variables remain constant. Economically, the increase in the price of nickel, which is
the main ingredient in making electric car batteries, is closely related to the law of supply and demand.
The increasing demand for electric cars globally drives the demand for nickel, which causes an increase
in the price of nickel. This is in line with the basic concept of economics, where an increase in demand
for goods (in this case, electric cars) will increase the input (nickel price) of production, which in turn
pushes up the price of the input.

The phenomenon of increasing sales of electric cars is driven by the public perception that
electric cars are more environmentally friendly, this is evidenced by the results of a survey conducted
by Populix (in 2022) to 1002 respondents. From the study, it was found that as many as 77% of
respondents thought they used or planned to use an electric car because it was more environmentally
friendly. This rapid growth in global electric car (EV) sales has triggered a surge in demand for critical
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minerals such as nickel, which is one of the main ingredients in EV batteries. Data shows that a 1%
increase in lithium production could drive a 0.58% increase in EV sales, mainly due to a more stable
battery supply and declining costs (Du, 2024). In addition, advances in lithium-ion battery technology
are also improving efficiency and overcoming range-related concerns, so more consumers are

switching to electric cars. However, this surge in demand has caused mineral prices to rise. High
demand makes the elasticity of demand for minerals very low, even though prices rise, demand
remains high due to the huge needs of the battery industry (Shojaeddini et al., 2024). This poses a new
challenge, where the supply of minerals, especially nickel, is increasingly critical and vulnerable to
global supply chain disruptions. In addition, this phenomenon also raises tensions between the need
for a clean energy transition and the socio-environmental impacts of mineral extraction. Electric car
consumers are generally less aware of the environmental and social impacts of the mineral mining
process, while on the upstream side, there is exploitation of nature, social conflict, and also violation
of the rights of local communities in mining areas (Liu et al., 2022).

Image2 Reasons People Buy Electric Vehicles
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Research supporting the influence of mineral prices on electric car sales generally emphasizes
the importance of the causal relationship and the strong correlation between the variables. One such
study shows that demand for minerals such as lithium, nickel, cobalt became less elastic after the
surge in EV adoption. This means that even if mineral prices rise, demand remains high because the
needs of the battery industry are huge. This reinforces the influence of the mineral price relationship
on EV sales, especially in the context of the energy transition. However, there is also research that
shows the effect of mineral prices on EV sales is not always significant. One modeling study shows that
at very high levels of EV production, nickel, lead and zinc prices do not increase significantly because
supply from major producing countries is able to meet demand. Only in certain scenarios do mineral
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prices increase noticeably. Based on data, research results, and analysis of scientific arguments, the

author is on the side that supports the significant influence of mineral prices on the trend of electric
car sales. This is based on empirical evidence showing a close relationship between mineral demand
and electric car market growth, as well as the importance of minerals as a key component in battery
production. However, the authors also acknowledge the need for caution in generalizing the results,
as well as the importance of considering other external factors such as policy, innovation, and global
market dynamics.

Export Volume

The results of the analysis show that mineral export volume (X2) has a positive and significant effect
on the trend of electric car sales (Y), with a regression coefficient of 5.0154. This finding indicates that
every one unit increase in export volume (tons) will increase electric car sales by 5.0154 units,
assuming other variables remain constant. The theory of comparative advantage states that a country
will gain an economic advantage if it focuses production and exports on goods or commodities that
can be produced at a relatively lower cost compared to other countries. Meanwhile, according to the
elasticity theory, if nickel exports fluctuate, it will have an impact on nickel demand (Virgianto &
Sukadan, 2023). In the context of minerals for electric car batteries, countries that have large reserves
and production capabilities of nickel, lithium or cobalt, such as Indonesia, have a comparative
advantage in exporting these minerals. This allows the country to become a major player in the global
electric vehicle supply chain, support the growth of the global EV industry, and reap the economic
benefits of exporting much-needed minerals for the energy transition.

The accelerating adoption of electric vehicles (EVs) globally has driven demand for critical
minerals such as lithium, nickel, and cobalt, which are key ingredients in EV batteries. This high
demand has caused mineral prices to become more persistent and tend to increase, especially after
years of surging EV sales. Empirical studies show that the demand for these minerals has become
highly inelastic, meaning that even if prices rise, demand remains high due to the huge needs of the
battery industry. Mineral producing countries, especially in the Global South such as South Africa and
the Democratic Republic of Congo, have become very importantin the global supply chain. The volume
of mineral exports from these countries greatly affects the availability of raw materials for EV batteries
(Rahman, Hossain, et al., 2025). If export volumes increase, global mineral supply becomes more
stable, supporting the growth of the EV industry and the trend of electric car sales globally (Hirlekar
et al. 2025; Weiss and Jones 2023). Conversely, if export barriers or supply disruptions occur, battery
production and EV sales may be hampered. Increasing mineral export volumes also bring
environmental and social impacts, such as environmental damage in mining areas and social conflict
in local communities. These issues are gaining increasing attention as new mining projects increase to
meet global demand.

Indonesia has the world's largest reserves of nickel, which is the main raw material for EV
batteries. Studies show that if nickel that is usually exported is diverted to domestic battery and EV
production, it will increase economic value-added, job creation and national productivity. This is also
reinforced by Indonesia's position in the global EV supply chain, so the volume of nickel exports and
its management policies greatly affect the growth of the industry and trends in electric car sales, both
domestically and globally. Meanwhile, several studies highlight that the surge in nickel consumption
in the EV sector does occur, but so far it has been driven mainly by the stainless-steel industry, not
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directly by the EV industry. This means that the volume of nickel exports is not entirely driven by EV
demand, and the trend of electric car sales is also strongly influenced by other factors such as
technology, policies, investment, and the competitiveness of the battery industry. Based on data,

research results, and analysis of scientific arguments, the author is on the side of supporting that
proper management of nickel export volumes can be a major driver of the growth of the battery and
electric vehicle industries, thus having a positive impact on the trend of electric car sales.

Production Quantity

The regression results show that the variable amount of nickel production (X3) has a t-statistic value
of 0.028 with a probability (significance) of 0.97 (>0.05). This means that there is no significant
influence between nickel production and electric car sales trend (Y). The positive regression coefficient
(+0.0003) indicates a unidirectional relationship, but it is very weak and not statistically significant.
According to supply chain theory, the smooth flow of raw materials is very important to maintain the
stability of production and final product prices Rahman, Ismail, et al., 2025). In the context of the
electric car industry, an efficient and integrated nickel supply chain will support sustainable battery
production. However, research shows that even if nickel production increases, if it is not followed by
good supply chain management, technological mastery, and supporting infrastructure, its impact on
electric car sales remains limited (Choi et al. 2024).

Global electric car (EV) demand is increasing rapidly, driven by the need for environmentally
friendly vehicles and government policies supporting the clean energy transition. This has caused
demand for high-energy batteries, particularly nickel-based batteries, to surge. Countries with large
nickel reserves, such as Indonesia, China, as well as South Korea, are vying to strengthen their battery
and electric vehicle industries. In China, as the world's largest electric car market, there is a gap
between demand and supply of nickel for lithium-ion batteries. To address this, China has begun to
optimize the recycling of nickel from used batteries. It is estimated that by 2030, if all used batteries
are recycled, about one-third of the nickel demand for batteries can be met from recycled products,
thus reducing the pressure on primary nickel production. So, nickel production (both primary and
secondary) remains an important factor in supporting the growth of electric car sales, especially in
countries with large EV markets such as China (Yao et al. 2021). However, there are also studies that
reject that nickel production is not the only factor determining electric car sales. In South Korea,
although nickel demand for batteries is increasing, electric car sales are also strongly influenced by
other factors such as government policies, technological innovation, and the paradigm shift of the
automotive industry from combustion engines to electricity (Choi et al. 2024). Based on empirical data
and literature, the authors are of the view that nickel production is important as a prerequisite for the
development of the battery and EV industries, but not as a major factor directly affecting electric car
sales. Thus, while nickel production is important, its impact on EV sales is highly dependent on other
broader and more complex factors.

CONCLUSION

Based on the data analysis conducted, it can be argued that the development of global electric vehicle
sales in the period 2014 to 2023 is strongly influenced by the dynamics of nickel prices in the
international market as well as the large volume of nickel exports, each of which contributes positively
to the increasing demand for electric cars in the world. The stability of nickel prices as well as the
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expansion of export volumes proved to be key determinants in strengthening the growth of the

electric vehicle industry, especially considering the role of nickel as an essential component in the
lithium-ion batteries used in these vehicles. However, the results also show that the level of nickel
production does not statistically significantly influence the trend of electric car sales, indicating that
increasing production capacity alone, without effective supply chain management, technological
mastery, and targeted export policies, is not enough to directly drive the growth of the electric vehicle
market. This finding confirms the urgency of implementing a nickel management strategy that is
oriented towards creating added value and sustainability, so that Indonesia as one of the world's
largest nickel producers can optimize its role in the global electric vehicle industry supply chain while
obtaining optimal economic and environmental benefits.

LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

This study has several limitations that need to be observed for a wiser interpretation of the results.
First, the scope of the data used is limited to the period 2014-2023, so it does not fully illustrate the
long-term dynamics and impact of new policies implemented after that year. Secondly, the multiple
linear regression model used in this study only reflects linear relationships between variables, whereas
in the context of global markets and energy transition, relationships between variables can be non-
linear and complex.

Third, this study has not included other external factors that influence the trend of electric car
sales, such as tax incentives, emission regulations, developments in solid-state battery technology,
and price fluctuations of other raw materials such as lithium and cobalt. Fourth, the data used are
annual aggregates, so seasonal analysis or short-term economic shocks are not accommodated in the
model.

In the future, the research direction can be expanded with a panel data or vector
autoregression (VAR) approach to capture the dynamics of the relationship between variables in more
depth and temporally. In addition, the integration of environmental, social and governance (ESG)
aspects into nickel economic analysis also needs to be developed, in order to create a more
sustainable predictive model that is relevant to the current challenges of global energy transition.
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