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Abstract

Since 2007, the global economy has been in a state of instability. National governments are searching for methods
to stimulate the development of their economies and individual industries that can become drivers pulling their
countries forward. An increasing number of researchers agree that the automotive industry can become such a
locomotive. The purpose of this article is to provide theoretical justification and identify prospects for the devel-
opment of the global automotive industry in the context of digitalization, taking into account the priorities of
achieving the Sustainable Development Goals (SDGs). Transformational processes in the global automotive in-
dustry are examined through the prism of achieving the UN Sustainable Development Goals. Based on the analysis
of statistical data for 2014-2024, it has been established that the share of the automotive industry in global GDP
averages 3-5%, and taking into account related industries — up to 7-8%. The study shows that China maintains its
leadership, accounting for over 33% of global car production, while South Korea has one of the highest shares of
the industry in GDP — 10-12%, and the United States and Germany demonstrate stable growth due to investments
in electric vehicles. The use of the exponential smoothing method for forecasting the profitability of leading com-
panies revealed that by 2028, Tesla’s profit may increase from 14 to 29.5 billion USD, Apple’s — from 93.7 to
125.8 billion USD, and Xiaomi’s — from 9.1 to 8.9 billion USD with a tendency toward gradual recovery. The
results confirm that digitalization, electrification of transport, the implementation of artificial intelligence, and
environmentally friendly technologies form a new paradigm of automotive industry development focused on en-
ergy efficiency, safety, and climate neutrality. It is shown that digitalization acts as a catalyst for sustainable trans-
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formation in the global automotive industry, enhancing competitiveness, environmental safety, and the socio-eco-
nomic resilience of society. The integration of the automotive and technology sectors contributes to the achieve-
ment of SDGs 7,9, 11, 12, and 13, ensuring the transition to a green economy and a sustainable urban environment.
The automotive industry is identified as a strategic factor of global economic stability and innovative growth,
capable of ensuring a balanced combination of economic, environmental, and social priorities of sustainable de-
velopment.

Key words: sustainable development goals, economic resilience, automotive industry, green economy, ecology,
digital technologies, digitalization, competition, strategy, globalization, innovation, market, finance, international
economics

Streszczenie

0d 2007 roku globalna gospodarka znajduje si¢ w stanie niestabilnosci. Rzady panstw poszukuja metod stymulo-
wania rozwoju swoich gospodarek i1 poszczeg6lnych branz, ktére mogg sta¢ si¢ motorami napgdowymi dla roz-
woju ich krajow. Coraz wigcej badaczy zgadza si¢, ze przemyst motoryzacyjny moze sta¢ si¢ taka lokomotywa.
Celem niniejszego artykutu jest przedstawienie uzasadnienia teoretycznego i wskazanie perspektyw rozwoju glo-
balnego przemystu motoryzacyjnego w kontekscie cyfryzacji, z uwzglednieniem priorytetow realizacji Celow
Zréwnowazonego Rozwoju (SDGs). Procesy transformacyjne w globalnym przemys$le motoryzacyjnym analizo-
wane s3 przez pryzmat realizacji Celow Zrownowazonego Rozwoju ONZ. Na podstawie analizy danych staty-
stycznych za lata 2014-2024 ustalono, ze udzial przemystu motoryzacyjnego w globalnym PKB wynosi §rednio
3-5%, a z uwzglednieniem branz pokrewnych — nawet 7-8%. Badanie pokazuje, ze Chiny utrzymuja pozycje
lidera, odpowiadajac za ponad 33% $wiatowej produkcji samochodow, Korea Potudniowa ma jeden z najwyzszych
udziatéw branzy w PKB — 10-12%, a Stany Zjednoczone i Niemcy wykazuja stabilny wzrost dzigki inwestycjom
w pojazdy elektryczne. Zastosowanie metody wygladzania wyktadniczego do prognozowania rentownosci wio-
dacych firm wykazato, ze do 2028 roku zysk Tesli moze wzrosnaé z 14 do 29,5 mld USD, Apple —z 93,7 do 125,8
mld USD, a Xiaomi — z 9,1 do 8,9 mld USD, z tendencja do stopniowego wzrostu. Wyniki potwierdzaja, ze digi-
talizacja, elektryfikacja transportu, wdrazanie sztucznej inteligencji i technologie przyjazne dla sSrodowiska tworza
nowy paradygmat rozwoju przemystu motoryzacyjnego skoncentrowany na efektywnosci energetycznej, bezpie-
czenstwie i neutralnos$ci klimatycznej. Wykazano, ze digitalizacja dziata jako katalizator zrdwnowazonej transfor-
macji w globalnym przemys$le motoryzacyjnym, zwickszajac konkurencyjnos¢, bezpieczenstwo srodowiskowe i
odporno$¢ spoteczno-ekonomiczng spoleczenstwa. Integracja sektora motoryzacyjnego i technologicznego przy-
czynia si¢ do osiagnigcia Celow Zrownowazonego Rozwojunr 7,9, 11, 12 i1 13, zapewniajac przejscie na zielong
gospodarke i zrownowazone srodowisko miejskie. Przemyst motoryzacyjny jest uznawany za strategiczny czynnik
globalnej stabilnosci gospodarczej i innowacyjnego wzrostu, zdolny do zapewnienia zrbwnowazonego potaczenia
ekonomicznych, §rodowiskowych i spotecznych priorytetow zréwnowazonego rozwoju.

Stowa kluczowe: cele zrownowazonego rozwoju, resilencja gospodarcza, przemyst motoryzacyjny, zielona go-
spodarka, ekologia, technologie cyfrowe, cyfryzacja, konkurencja, strategia, globalizacja, innowacja, rynek, fi-
nanse, gospodarka migdzynarodowa

1. Introduction

The modern stage of global automotive industry development is characterized by profound transformations driven
by digitalization, global competition, and increasing environmental requirements. The automotive industry, being
one of the key sectors of the world economy, simultaneously remains one of the largest sources of carbon emis-
sions, energy consumption, and material resource use. In this context, there is an urgent need to reorient the stra-
tegic priorities of industry development in accordance with the United Nations Sustainable Development Goals
(SDGs), which define the global benchmarks for humanity’s social, economic, and environmental progress up to
2030.

Achieving the Sustainable Development Goals in the automotive industry is possible through the implementation
of several interrelated directions. Firstly, within Goal 7 Affordable and Clean Energy, there is an active transition
toward the use of electric vehicles, hydrogen technologies, and renewable energy sources, which reduces depend-
ence on fossil fuels and decreases harmful emissions. Goal 9 Industry, Innovation, and Infrastructure is being
realized through the implementation of the concepts of Industry 4.0, smart manufacturing, the Internet of Things,
artificial intelligence, and autonomous transport. These technologies contribute to the formation of an innovative
automotive ecosystem and enhance its global competitiveness.

In the context of Goal 11 Sustainable Cities and Communities, the development of smart mobility gains particular
importance — including electric vehicle networks, car-sharing systems, and the integration of transport into smart
city systems. This helps reduce air pollution, noise levels, and traffic congestion in large urban areas. The imple-
mentation of Goal 12 Responsible Consumption and Production involves introducing circular models of resource
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use, recycling of components and batteries, and reducing energy consumption and waste throughout the entire
vehicle life cycle.

The automotive industry also plays a significant role in achieving Goal 13 Climate Action, since transport decar-
bonization is one of the most effective tools for reducing global greenhouse gas emissions. Moreover, the devel-
opment of the green industry contributes to the implementation of Goal 8 Decent Work and Economic Growth by
creating new jobs in high-tech sectors, stimulating investment and innovation. Indirectly, the automotive industry
supports Goal 3 Good Health and Well-being by lowering environmental pollution levels, and Goal 17 Partner-
ships for the Goals through international cooperation among governments, corporations, and scientific institutions.
In recent decades, the global economy has been in a state of turbulence and uncertainty, while national economies
continue searching for models of sustainable development and drivers of growth and economic security. Experts
from various scientific fields focus their efforts on solving these issues. Humanity consistently draws attention to
these global challenges in its pursuit of sustainable and long-term development of economic systems, once again
emphasizing the importance of the automotive industry — both as a key sector of any national economy and as a
crucial component of the global economic system.

To support the above, we will analyze the trends in changes in the share of the automotive industry in the gross
domestic product of developed countries and the global economy. Unfortunately, there is no unified global open-
access statistic on the share of the automotive industry in world GDP. However, separate studies by the Interna-
tional Organization of Motor Vehicle Manufacturers (OICA, 2025; World Bank, 2025) the (OECD, 2025) national
industry agencies, and consulting firms such as (McKinsey, 2025) (PwC, 2025) and (Statista, 2025) provide esti-
mates of the automotive industry’s contribution to the global economy. Therefore, to compile an analytical table,
we consolidate these indicators and analyze them comparatively (table 1).

Table 1. Share of the automotive industry in the GDP of developed countries (%), 2014-2024, source: compiled by the authors
(World Bank; JAMA; McKinsey & Company; OICA)

Year USA China Germany Japan South Korea | India World GDP
2014 3.1 7.2 4.9 5.3 11.8 7.0 3.8
2015 3.2 7.4 4.8 5.1 11.5 6.9 3.9
2016 3.1 7.3 4.7 5.0 11.2 6.7 4.0
2017 3.0 7.2 4.6 5.0 11.0 6.6 4.1
2018 2.9 7.0 4.6 4.9 10.8 6.5 4.2
2019 2.8 6.8 4.5 4.8 10.5 6.3 4.0
2020 2.3 6.1 3.8 4.2 9.5 5.7 3.5
2021 2.6 6.4 4.1 4.5 10.0 6.0 3.7
2022 2.5 6.2 4.0 4.4 9.8 5.8 3.8
2023 3.0 9.0 4.9 4.7 12.0 7.1 3.9
2024 3.1 9.2 5.0 4.8 12.2 7.5 4.0

Based on the data presented above (table 1), it can be stated that even under post-industrial development condi-
tions, the world’s key economies recognize the importance of the automotive industry in ensuring sustainable
economic growth and pay significant attention to this sector.

From the obtained data, the following trends can be identified:

—  China remains the global leader in automobile production and exports, and its share in GDP continues to
grow due to the national program supporting electrification and the boom in electric vehicles, both in
domestic and global markets.

— Germany maintains a high level of automotive industry development, although electrification and global
competition exert pressure on its positions.

—  South Korea has one of the largest shares of the automotive industry in GDP structure (10-12%) thanks
to some of the most advanced manufacturers (Hyundai, Kia). This sector is strategic for the national
economy, with vehicle sales accounting for about 10% of the country’s total exports.

—  The United States is gradually increasing its share due to investments in electric vehicles (Tesla, GM,
Ford), but the level remains lower than that of the EU and Asian countries.

— Japan — the automotive sector generates around 15% of export revenues, and tax contributions from com-
panies such as Toyota, Honda, and Nissan are a key source of government revenue. However, the indus-
try’s share in GDP shows a downward trend due to outsourcing of production abroad, particularly to
China, Thailand, and Mexico.

— India is rapidly growing as a global automotive manufacturing hub thanks to low production costs and
active export programs.

On a global scale, the automotive industry traditionally accounts for 3—5% of world GDP, and if related industries
such as metallurgy, chemistry, IT services, transportation, and vehicle maintenance are included, the contribution
increases to 7-8% of global GDP. The spread of vehicle electrification shifts the focus within the industry, leading
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to increased investment in the development and production of batteries, electronics, and software, fundamentally
transforming the sector’s structure.

Thus, the development of the global automotive industry in the era of digitalization has become an important factor
in implementing the principles of sustainable development. Modern technological, energy, and environmental in-
novations form the foundation for the transition of the industry from traditional models of mass resource consump-
tion to a green innovation economy, oriented toward long-term ecological balance, economic efficiency, and social
responsibility.

2. Literature review

Modern global economic trends compel specialists to increasingly focus on the real sectors of the economy, iden-
tifying strategic industries among them and forecasting their development trends that can become the locomotive
of long-term and stable economic growth of national economic systems and the achievement of the Sustainable
Development Goals (SDGs).

The issue of the global automotive industry’s development under digitalization and the achievement of the Sus-
tainable Development Goals has gained particular relevance in recent scientific research. Digital transformations,
the implementation of intelligent technologies, transport electrification, changes in consumption models, and new
environmental standards are forming a qualitatively new paradigm of automotive industry development directly
linked to the realization of sustainable development principles.

Lopez-Vega et al. (2023), in their article Digital Transformation of the Automotive Industry, note that digitaliza-
tion acts as a key factor of structural change in the global automotive sector. The authors identified over 20 areas
of digital technologies (including the Internet of Things, big data, cloud services, and digital twins) that signifi-
cantly affect production processes, innovation potential, and business models of automotive enterprises. They ar-
gue that digital tools become the foundation for improving energy efficiency, reducing emissions, and transitioning
toward sustainable mobility.

In the study by Pérez-Moure et al. (2023) How Sustainable, Autonomous, and Connected Vehicles Are Changing
Digital Mobility Business Models, it is emphasized that the combination of autonomy, electrification, and connec-
tivity creates a new logic of business models in the transport industry. The authors analyze the practices of four
leading car manufacturers (Tesla, Volkswagen, Toyota, BYD) and show that the integration of artificial intelli-
gence, big data analytics, and shared mobility services provides competitive advantages and contributes to achiev-
ing SDG 9 (Industry, Innovation, and Infrastructure) and SDG 11 (Sustainable Cities and Communities).
Avasilcai, Gavriluta, and Popescu (2025), in their work Digital Technologies to Support Sustainable Consumption:
An Overview of the Automotive Industry, reveal the role of digital technologies in shaping environmentally re-
sponsible consumer behavior. In particular, through the development of online platforms, monitoring systems, and
digital ecosystems, automakers can ensure transparency throughout the product life cycle, increase material recy-
cling rates, and promote conscious consumption. According to the authors, this directly supports SDG 12 (Re-
sponsible Consumption and Production).

Vijaya et al. (2025), in the publication Advancing Sustainability in the Automotive Sector: A Critical Analysis of
Environmental, Social and Governance (ESG) Performance Indicators, applied the Fuzzy DEMATEL and Fuzzy
TOPSIS methods to analyze ESG indicator systems in the automotive industry. The researchers found that digi-
talization is a catalyst for improving environmental management efficiency, corporate governance transparency,
and social responsibility. In particular, implementing digital reporting tools allows companies to better align their
activities with SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action).

In the study by Glova and Panko (2025), The Effects of Environmental, Social, and Governance Factors on Finan-
cial Performance and Market Valuation in the European Automotive Industry, a panel analysis of 60 European
automotive companies over 2011-2022 was conducted. The authors proved that high social ESG scores positively
affect profitability (ROA), while environmental investments may temporarily reduce financial results in the short
term but increase capitalization in the long run. At the same time, the implementation of digital technologies serves
as a mediator between environmental initiatives and financial performance.

Previous research has already emphasized the importance of automotive production in ensuring economic security
and supporting national economic development (Kozlovskyi et al., 2019), demonstrating that vehicle electrifica-
tion is a crucial factor of innovative economic growth and a key to sustainable development. However, the global
automotive industry is currently undergoing another cyclical transition, and accurate forecasting of future trends
can secure leadership in this market for both individual enterprises and entire economic systems.

Such ideas are quite popular in academic discourse. The automotive industry has been at the epicenter of every
major industrial revolution, creating distinct innovative phases that have reshaped the essence of manufacturing
itself. Initially a labor-intensive sector, it has gradually evolved through technological breakthroughs and industri-
alization of core processes into one of the most technology-sensitive industries (Dimitrakopoulos et al., 2021).
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Yiyuan Wang argues that the automotive industry is experiencing a convergence of the physical and digital worlds,
driving transformation and enabling greater efficiency and flexibility in production. This shift is expected to sig-
nificantly influence the industry, with advantages including faster product development, improved quality, and
reduced costs (Wang et al., 2023).

Considering its utilitarian nature, transport is often perceived merely as a logistical necessity, yet it possesses
enormous transformative potential that is integral to both modern economies and individual daily life (Marra et
al., 2020).

According to E. Mogaji, the automotive industry stands on the threshold of evolutionary transformations based on
the transition from the logic of car ownership as an asset to the logic of shared value creation. This reflects broader
social changes beyond mere industrial evolution and will have a strategic impact on the entire economic system —
where ownership is no longer a priority, and services such as Uber and Mobility-as-a-Service (MaaS) thrive under
this approach (Mogaji, 2025).

MacCarthy and Ivanov (2022) consider the automotive sector a critically important component of the global econ-
omy that is undergoing revolutionary change under the influence of digitalization and artificial intelligence imple-
mentation.

Based on all the above, it can be confidently stated that the automotive industry remains a critical sector influencing
the development of economic systems at both regional and global levels. At the same time, it stands at the threshold
of profound transformations capable of reshaping its structure and determining future directions of technological,
socio-cultural, and societal evolution. Thus, leadership in technological and economic development will belong to
those countries that timely recognize the trends in automotive industry transformation and provide stimulating
conditions for domestic manufacturers to achieve the Sustainable Development Goals.

Summarizing the results of the review, it can be noted that modern scientific thought views digitalization as a
central factor in the evolution of the automotive industry, combining innovative development with the achievement
of the Sustainable Development Goals. Digital technologies increase production efficiency, reduce environmental
impact, stimulate the development of the circular economy, and create the foundation for new models of sustain-
able consumption and mobility. Therefore, the synergy between digital transformation and sustainable develop-
ment principles determines the strategic guidelines for the future of the global automotive industry.

3. The aim

The purpose of this article is to provide a theoretical justification and to identify the prospects for the development
of the global automotive industry in the context of digitalization, taking into account the priorities of achieving the
Sustainable Development Goals. The study involves an analysis of current trends in the transformation of the
automotive sector, an assessment of the impact of innovative technologies on the environmental and energy effi-
ciency of the industry, and the identification of strategic directions for the transition to a green and climate-neutral
model of automotive production.

4. Methodology

To achieve the stated goal, the research process was carried out in several stages. Statistical data on the develop-
ment of demand and supply in the global automobile market were collected; key national markets within the overall
market structure were identified along with their significance and development trends, and relevant charts were
constructed. To determine the impact and interrelation between the technology sector and the automotive industry,
the leading companies in both sectors were identified based on their market capitalization, and an analysis of their
main performance indicators was conducted.

The main prospective characteristics of a competitive automobile were defined, allowing the identification of po-
tential market leaders — namely Tesla, Apple, and Xiaomi — whose current status was analyzed. A forecast of
further development scenarios for these companies was then made using profit data for the past five years, applying
the exponential smoothing method, which uses the following formula 1 (Chatterjee et al., 2013):
Yt+1=k-Yt+(1—k) Yt (1)
where:

Yt + 1 — forecast for the next period t+1;

Yt — actual value used for the forecast in the current period t (gross profit by year);

k — smoothing coefficient, 0<k<I;

Yt — forecasted value for the current period t.

In the first period (year), Y1 = Y1, meaning that the forecast for the first period equals the actual profit in that
period.

This method was chosen because it is most suitable for forecasting socio-economic processes. All calculations
were entered into corresponding tables and supplemented with graphical representations, which facilitate visuali-
zation and improve the accuracy of conclusions.
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5. Results

The integration of the automotive and technology sectors directly contributes to achieving Sustainable Develop-
ment Goals 7,9, 11, 12, and 13, as it forms the foundation for developing a new model of a green economy based
on energy efficiency, innovation, and minimal environmental impact. The introduction of digital technologies into
vehicle production and operation enables energy consumption optimization and the development of renewable
energy sources (Goal 7), as well as enhances industrial innovation capacity through the use of artificial intelligence,
IoT, big data, and automation (Goal 9).

In turn, the development of smart transportation, car sharing, and autonomous control systems helps reduce traffic
congestion and air pollution in cities, thus contributing to Goal 11 — the creation of sustainable and safe urban
spaces. The use of eco-friendly materials, circular production models, and component reuse supports Goal 12,
while the reduction of CO: emissions and the shift toward climate-neutral technologies are directly linked to Goal
13 — climate action. Therefore, the interaction between the automotive and technology sectors is a key driver of
sustainable development, combining environmental, economic, and social priorities of the global economy.

The COVID-19 pandemic had a significant impact on the dynamics of the global automotive market. According
to OICA analysts, it was the worst crisis ever to affect the automotive industry. As a result of the global challenges
faced by manufacturers, dealers, and suppliers, tectonic shifts occurred in the structure of the market, which are
still being felt today and continue to shape the emerging concept of the car of the future. The effects of COVID-
19 on the global automotive market can be summarized as follows:

1. Changes in the consumption structure. The pandemic led to an increase in demand for private mobility
while simultaneously causing a decline in new car purchases by more than 15% in 2020 compared to
2019. Due to growing demand polarization, two parallel trends emerged: rising demand for electric vehi-
cles and for used cars. The strengthening of remote sales models pushed demand toward digitalization
and increased the popularity of smart products, including in the automotive sector. In quantitative terms,
demand returned to pre-pandemic levels in 2023 and continues to grow gradually.

2. Changes in the production structure. Like demand, supply demonstrated a significant decline of approx-
imately 16% (OICA, 2021). The depth of production decline varied across countries: some experienced
steep drops, while others saw only slight decreases. According to Dow Jones, the combined revenue
losses of the world's 19 largest automakers amounted to USD 246.2 billion (Dow Jones, 2020). The big-
gest losses were suffered by manufacturers of traditional internal combustion engine vehicles. For exam-
ple, Toyota Motor Corp. and Volkswagen AG together lost USD 69.61 billion in the first half of 2020.
However, the downturn did not affect all automakers: Tesla Inc. demonstrated the opposite trend, increas-
ing its revenue by USD 1 billion during the same period. The recovery process continues to this day. Slow
growth is associated with several factors. Due to the technological sector’s pivot toward supplying elec-
tronic chips for consumer electronics—whose demand surged during the pandemic—the auto industry
faced a semiconductor shortage in 2021-2022. Disruptions in supply chains forced automakers to invest
in production localization, while tech companies began considering entering this new market.

3. A pushtoward electrification. Demand- and supply-side factors, as well as the inclusion of green priorities
in post-COVID recovery programs, accelerated the electrification of vehicles worldwide. The rapid in-
crease in the popularity of electrified transport across the globe can be clearly demonstrated by the statis-
tical data presented in the table 2.

Table 2. Structure of the Global Market for New Passenger Car Sales by Engine Type, % for 2019-2024, source: compiled by
the authors (Rho Motion 2025; Virta2025; IEA 2024)

Year
2019 2020 2021 2022 2023 2024
Engine type
BEV 2.5 4.6 8.3 13 16.5 22
PHEV 1 1.8 2.5 3.5 4 4.5
HEV 4.0 5.5 6.5 7.5 8.5 9.5
ICE 92.5 88.1 82.7 76 71 64

As seen from the table, the share of electric vehicles has increased almost tenfold over the past six years compared
to the pre-COVID year 2019, while the share of internal combustion engine vehicles has declined by nearly one
third in quantitative terms (Rho Motion, 2025). This situation is best illustrated in Fig. 1.
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Figure 1. Structure of the Global Market of Newly Sold Vehicles in 2019 and 2024, source: compiled by the authors

Thus, we can assert that the COVID-19 pandemic became a catalyst for profound transformations in the automo-
tive market. Its short-term effects are already observable, while in the long term these changes will lead to a stra-
tegic reshaping of the market, the emergence of new players, and a new philosophy regarding the design and use
of vehicles.

To continue the study of potential development scenarios for the automotive industry, it is necessary to fix the
current situation, identify market leaders, and analyze their development strategies.

According to Table 3, both automobile production and consumption in the global market have been growing over
the past five years. Moreover, the number of cars purchased exceeded production volumes, with only minor short-
falls observed in 2022 and 2023. This situation is encouraging and indicates significant growth potential in the
market.

Let us analyze the state of the global automotive industry, noting that despite the extensive experience of the
United States and EU countries in automotive manufacturing, China is now justifiably considered one of the global
leaders in vehicle production. For example, in 2020 China accounted for 32.5%, and by 2024 already 33.8% of
global car production (see table 3).

At the same time, despite globalization, the Chinese automotive market remains specific and relatively autonomous
due to its strong domestic demand. In 2020, car sales in China reached 36.4%, and in 2024 — 38.3% of the total
number of cars sold worldwide. Such rapid growth in China’s automotive sector is driven by government support
programs, both in car manufacturing and purchasing, including the introduction of special free economic zones
and favorable macroeconomic conditions.

Since 2000, China has recorded an annual 6% increase in employment in its mechanical engineering enterprises,
while this figure has declined in developed countries — by 2% in the EU and 3% in Japan and the USA. This
demonstrates a clear trend toward greater localization of production in Eastern countries, influenced largely by
lower labor costs. For example, in 2022, the labor cost per employee in China’s automotive industry was five times
lower than in the EU, three times lower than in the USA, and twice lower than in Japan (Ishchuk et al., 2022).

Table 3. Volumes of automobile production and consumption in key industry countries, 2020-2024, source:: compiled by the
authors (OICA, 2025)

Country | [ 2020 2021 2022 2023 2024

Year Con- Produc- | Con- Produc- | Con- Produc- | Con- Produc- | Con- Produc-
sump- tion sumption | tion sump- tion sump- tion sump- tion
tion vol- | volume | volume volume | tion volume | tion volume | tion volume
ume volume volume volume

USA 14881356 | 8822399 15408565 9167214 14230324 | 10052958 | 16009268 | 10639140 | 16340472 | 10562188

CHINA 25311069 | 25225242 | 26314263 26082220 | 26863745 | 27020615 | 30093698 | 30160966 | 31436193 | 31281592

GERMANY | 3266759 3742454 2973319 3308692 2963748 3480357 3204298 4109371 3192031 4069222

JAPAN 4598615 8067557 4448340 7846955 4201320 7835539 4779086 8998538 4421494 8234681

SOUTH 1905972 3506774 1734581 3462404 1683657 3757049 1749729 4243597 1632751 4127252

KOREA

INDIA 2938575 3394446 3759398 4399112 4725840 5457242 5080361 5852143 5226784 6014691

TOTAL 79668636 | 77621582 | 83638420 80145989 | 82985782 | 84810719 | 92850054 | 93452506 | 95314730 | 92504338
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Figure 2. Dynamics of changes in automobile production and consumption volumes in key industry countries, 2020-2024,
source: compiled by the authors

China’s significance in the global automotive industry has been increasing each year. This concerns not only the
size of its domestic market but also the growing competitiveness of Chinese automakers in the global arena. Today,
the PRC is the world’s largest exporter of automobiles. In 2024, Chinese brands accounted for 34.7% of the entire
global market (CPCA, 2025). China’s vehicle exports in 2024 reached approximately 5.86 million units, which is
19.3% more than in 2023 (CAAM, 2025). In addition, companies from China are setting new standards in EV
architecture, software, and rapid development cycles (GlobalData, 2025).

The second-largest market by volume among the countries presented in Table 3 is the United States. Car consump-
tion in this market declined from 21.4 % in 2020 to 20 % in 2024 of the total global volume. In turn, U.S. produc-
tion fell from 13.4 % in 2020 to 11.4 % in 2024 on a global scale.

A distinctive feature of this market is that consumption significantly exceeds domestic production — by more than
1.5 times — making it quite attractive for car imports. This situation partly explains the White House administra-
tion’s policy toward the domestic automotive industry and the import tariffs on foreign vehicles.

At the current stage of automotive industry development, scientific and technological progress, and socio-eco-
nomic relations, the automobile has outgrown its simple function as a means of transportation. High environmental
and safety standards for drivers, passengers, pedestrians, and all road users have turned the car into a kind of
gadget. This fact increasingly brings the automotive and technology sectors closer together, blurring the bounda-
ries between them. Companies from both sectors not only cooperate actively but also move into adjacent industries.
For this reason, we decided to compare the performance indicators of the market capitalization leaders from both
industries as of 2024 (table 4).

Based on the presented data, it can be stated that Tesla is the leader in market capitalization in the automotive
market, although its profit and sales volumes are significantly lower than those of Toyota, which ranked second in
2024. The development of technology and the introduction of electric-vehicle support programs in various coun-
tries have led to lower costs and greater popularity of such cars. This explains the rapid rise of Tesla as a symbol
of the EV segment, although its market share is shrinking under pressure from BYD and new entrants. BYD is the
No. 1 EV manufacturer in China and shows the fastest growth among all the presented market leaders: its capital-
ization has nearly tripled, revenue quadrupled, and profit increased more than sevenfold, allowing the company to
take third place in the 2024 ranking.

Analyzing the data in table 3, we can assert that in terms of both market capitalization and profit, the leaders of
the technology sector exceed the leaders of the automotive industry by nearly tenfold. This indicates that these
companies have far greater resource capacity to enter an adjacent industry with an innovative product compared
to traditional automakers. This conclusion is not merely speculative; it has factual confirmation.
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Table 4. Dynamics of changes in revenues and profits of companies with the highest market capitalization for 2020-2024,
source: compiled by the authors (FML, 2025; Global 500, 2025)

Technological companies
Rank 1 2 3 4 5
Company name Microsoft Apple NVIDIA Alphabet Amazon Total
pany PP (Google)
Market capitalization,
billion USD 1543 1670 240 1020 171 4644
S | Revenue, billion USD 143 274,5 16,7 182,5 386 1002,7
& | Profit, billion USD 44,3 574 4,3 40,3 21,3 167,6
Market capitalization,
billion USD 2040 2320 490 1680 182 671
= | Revenue, billion USD 168 365,8 26,9 257,6 469,8 1288,1
& | Profit, billion USD 61,3 94,7 9,8 76 334 275,2
Market capitalization,
billion USD 2534 3022 1052 1554 1460 9622
a | Revenue, billion USD 198,3 394,3 27 282,8 514 1416,4
& | Profit, billion USD 72,7 99,8 4.4 59,9 -2,72 234,08
Market capitalization,
billion USD 2888 2875 1352 1795 1598 10508
« | _Revenue, billion USD 211 385 60,9 307,4 575 1539,5
& | Profit, billion USD 72,4 96 29,8 73,8 304 302,4
Market capitalization,
billion USD 3289 3258 3244 2192 1911 13894
& | Revenue, billion USD 255 392 114 350 638 1749
& | Profit, billion USD 90.5 93.7 63.1 100.1 59.3 406.7
Automobile manufacturers
Rank 1 2 3 4 5
Company name Tesla Toyota BYD Ferrari BMW Total
Group
Market capitalization,
billion USD 670 201 50.2 26.8 43.1 991.1
S | Revenue, billion USD 315 275.4 23.5 3.8 128.3 462.5
& | Profit, billion USD 0.7 19.1 0.6 0.7 5.0 26.12
Market capitalization,
billion USD 880 220 131.8 383 60.3 1320.4
= | Revenue, billion USD 53.8 275.4 32 4.6 131 496,8
& | Profit, billion USD 5.5 23.5 1.2 0.9 14.5 45.6
Market capitalization,
billion USD 728.9 229 151.9 43.1 58.8 1211.7
o | Revenue, billion USD 81.5 284.7 61 5.6 149 581.8
& | Profit, billion USD 12.6 23.1 24 1.2 18.8 58.1
Market capitalization,
billion USD 790 292 141.9 63 76.3 1363.2
< | Revenue, billion USD 96.8 293.8 84 6.7 155.5 636.8
& | Profit, billion USD 15.0 30.3 4.1 1.3 11.2 61.9
Market capitalization,
billion USD 1070 250.3 134.4 82.2 63.3 1600.2
Revenue, billion USD 105 297 95 8.1 152 657.1
g | Profit, billion USD 14.0 31.5 44 1.8 7.8 59.5
N

For example, Apple — one of the leaders of the technology sector — considered creating its own car as the next
strategic stage of its development. To this end, the company set up the Project Titan division, which for 10 years
— from 2014 to 2024 — worked on developing such a vehicle. The idea behind this product was based on three key
innovations in the automotive industry:

1. Electrification of the vehicle.

2. Driverless control of the car using an intelligent assistant.

3. Shared ownership and car-sharing.
To implement these innovations, Apple recruited various specialists from the automotive industry, even considered
acquiring Tesla, and engaged in cooperation with Didi — the Chinese analogue of Uber. However, Apple’s failure
to integrate artificial intelligence effectively with the Siri assistant, together with the insufficient profitability of a
car-sharing business strategy, forced the company in 2024 to suspend work on Project Titan, and the launch of its
own car was pushed back to 2028.



Kozlovskyi et al./Problemy Ekorozwoju/Problems of Sustainable Development 1/2026, 326-341 335

There is, however, a successful example of a tech giant entering the automotive market. Xiaomi, which presents
itself as China’s analogue of Apple, created the Xiaomi Automobile division in 2021 to develop and manufacture
a smart car. Already in December 2023, the company officially unveiled its production EV model, the SU7, with
manufacturing set up at BAIC Group’s facilities. This move into the automotive industry was not merely an attempt
to copy Apple’s behavior model, but a search for expansion due to stagnation in the smartphone market and an
unwelcome trend of declining revenues and profitability that had persisted for several years (Bloomberg, 2025).
This risky step by Xiaomi proved justified and lifted the company once again. Evidence of the project’s success
includes 88,898 preorders for the model within the first 24 hours of sales opening, and 157,000 cars sold in the
first half of 2025. Although these sales volumes are modest compared to giants like Toyota, which sells more than
10 million vehicles worldwide annually, Xiaomi ranked third by market capitalization among all global automak-
ers in 2024 (Forbes, 2025).

Encouraged by this success, Xiaomi’s management is now working to broaden the model range and plans to invest
USD 10 billion in car manufacturing over the next 10 years. In 2025, the company launched production of the
YU?7 crossover, began scaling output by launching its own production facilities, and has plans to enter the Euro-
pean market in 2027.

In our view, the secrets of Xiaomi’s automotive success are:

1. A price of around USD 30,000, which is about 10% lower than the nearest competitor, the Tesla Model
3;

2. Seamless integration of the car into the Xiaomi ecosystem, which improves user interaction with the
vehicle and optimizes the user’s living space and time management.

Based on the above, we can outline the main characteristics of the vehicles that manufacturers will target in the
near future:

1. Environmental friendliness — a vehicle with zero CO: emissions.

2. A high level of safety through the use of Level-5 autopilot, ensuring autonomous, driverless control of
the vehicle.

3. Seamless integration of the vehicle into the user’s ecosystem.

Regarding the first point, all leaders of the global automotive industry have developments in this direction. Elec-
trification appears to be the most popular pathway, though alternatives exist. For example, BMW together with
Toyota Group has developed a next-generation hydrogen engine whose implementation is planned in the coming
years (BMW Group, 2025). This could take competition among eco-friendly cars to a new level. However, despite
many companies’ work on safety, the next two points narrow the field to just three manufacturers that theoretically
have the resources and know-how to deliver a worthy product: Tesla, Apple, and Xiaomi. This is because providing
an effective Level-5 autopilot requires not only powerful chips and sensors in the car, but also continuous access
to high-speed internet at no less than 5G. The third point is closely related to the second and again hinges on the
manufacturer’s technological prowess — namely, the existence of a mobile device that serves as an intermediary,
unites all the user’s gadgets from the coffee machine and computer to the car into a single ecosystem, and runs on
proprietary software. Let us consider each of these manufacturers in more detail and compare them.

1. Tesla. The pieces of Elon Musk’s diverse business interests are finally fitting into a coherent picture.
There is an interest in artificial intelligence, the development of a broad lineup of electric vehicles and a
global network of charging stations, and the launch of the Starlink satellite system to provide uninter-
rupted access to high-speed internet that will cover the entire planet. Thanks to the effective integration
of sensors with neural networks, software, and hardware, Tesla cars are poised to obtain Full Self-Driving
(FSD) capability; however, under the SAE (Society of Automotive Engineers) standard, its level is cur-
rently 2+. Tesla is steadily working to improve it to Level 4 and is currently testing a new beta version.
Thus, the company lags in providing fully driverless operation and does not have its own smartphone that
would bring together all of Musk’s achievements into a single integrated ecosystem.

2. Xiaomi. It has its own EV lineup, enjoying tremendous demand in the domestic market, and the company
is making attempts to conquer external markets. The presence of its own mobile devices and an adaptive
ecosystem allows the car to be integrated into the owner’s life and ensures efficient use of all the user’s
devices. The corporation is actively working on implementing its Navigate On Autopilot system in its
vehicles, based on Al algorithms that process data from numerous sensors and make decisions or offer
recommendations to the driver. Xiaomi’s autopilot is at the same level as Tesla’s — namely, 2+. The
Chinese corporation’s weak point is that it cannot guarantee high-speed internet for its users under all
conditions, and existing software bugs and relatively short OS support cycles do not inspire optimism
about achieving at least Level 4 autopilot in the near future.

3. Apple. The company has its own lineup of wearable gadgets, manufactures its own chips, offers optimized
software, and boasts the most adaptive ecosystem that enables full synchronization among devices and
delivers a maximally comfortable and productive user experience. The company is actively implementing
satellite communication technology to provide high-quality coverage across the widest possible territory.
Unfortunately, Apple failed to realize its potentially promising project to produce its own car. According
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to Bloomberg, the main problem was the company’s perfectionism and its attempt to release the best
possible vehicle immediately with Level-5 autonomy (Bloomberg). However, the fact that Project Titan
staff are now involved in developing Apple’s own Al model gives hope that the company will indeed
revive its EV program by 2028, delivering a car with a high level of autonomy — at least Level 4.
We will now compare the performance indicators of these manufacturers over the past five years and make fore-
casts regarding possible future developments (table 5).

Table 5. Dynamics of changes in revenues and profits of potential automotive industry leaders for 2020-2024, source: compiled

by the authors (FML, 2025; Global 500, 2025)

Company name Tesla Xiaomi Apple Total

Market  capitalization,

billion USD 670 144.5 1670 2484.5
S | Revenue, billion USD 31.5 14.2 274,5 320.2
& | Profit, billion USD 0.7 7.9 57,4 66

Market  capitalization,

billion USD 880 227.5 2320 3427.5
= | Revenue, billion USD 53.8 22.5 365,8 4421
& | Profit, billion USD 5.5 7.5 94,7 107.7

Market  capitalization,

billion USD 728.9 110.1 3022 3861
a | Revenue, billion USD 81.5 18.4 3943 4942
& | Profit, billion USD 12.6 0.9 99,8 113.3

Market  capitalization,

billion USD 790 111.6 2875 3776.6
¢ | Revenue, billion USD 96.8 22.2 385 504
& | Profit, billion USD 15.0 6.7 96 117.7

Market  capitalization,

billion USD 1070 172.7 3258 4500.7
& | Revenue, billion USD 105 29.6 392 526.6
& | Profit, billion USD 14.0 9.1 93.7 116.8

Tesla shows rapid revenue growth from USD 31.5 billion in 2020 to USD 105 billion in 2024. Profitability also
increased at an impressive rate; however, in recent years this growth has started to slow down (table 6, fig. 3).
Apple demonstrates steady growth, but in recent years a decline in profitability and overall revenue performance
has become noticeable, indicating the need for an adjustment in the company’s development strategy.

Xiaomi experienced a drop in market capitalization after 2021 due to competition and sanction-related risks. Since
2023, all key indicators have shown growth, driven by diversification of activities and the company’s entry into
the automotive market.

Table 6. Forecast of Tesla’s iroﬁt dinamics for 2025-2028, billion USD, source: comiiled bi the authors

2020 0,7

2021 5,5

2022 12,6

2023 15

2024 14 14 14,00 14,00
2025 19,28189092 13,93 24,63
2026 22,69022877 17,18 28,20
2027 26,09856662 20,42 31,77
2028 29,50690447 23,67 35,34
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Figure 3. Forecast of Tesla’s profit growth for 2025-2028, billion USD, source: compiled by the authors

The exponential smoothing method revealed a trend of recovery and rapid profit growth following a plateau in
2023-2024. For Tesla, a dynamic increase in profitability is projected — nearly doubling from USD 14 billion in
2024 to almost USD 30 billion by 2028. However, the observed variation within the confidence intervals can be
explained by the company’s dependence on the electric vehicle market, intensifying competition, and overall eco-
nomic instability. Nevertheless, the general baseline trend remains consistent across all scenarios, indicating sus-
tained profit growth.

According to the forecast data, Apple (table 7, fig. 4) is expected to continue increasing its profits after 2024. The
exponential smoothing method indicates a trend of short-term decline followed by long-term profit growth. The
confidence intervals suggest potential risks of deviation -driven by competition, regulatory actions, and the inno-
vation cycle — but the baseline scenario remains stable, predicting steady and sustainable growth.

Table 7. Forecast of Aiile’s iroﬁt dinamics for 2025-2028, billion USD, source: comiiled bi the authors

2020 57,4
2021 94,7
2022 99.8
2023 96
2024 93,7 93.7 93,70 93,70
2025 105,7698911 74,68 136,86
2026 112,444182 77,67 147,22
2027 119,1184729 81,00 157,24
2028 125,7927638 84,59 167,00
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Figure 4. Forecast of Apple’s profit growth for 2025-2028, billion USD, source: compiled by the authors
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The forecast constructed using the exponential smoothing method for Xiaomi (table 8, fig. 5) suggests gradual
recovery following unstable performance during 2020-2023. The graph shows a smooth positive trend for Xiaomi
in the medium term; however, the wide fluctuations between the confidence intervals indicate significant risks.
This means the company’s future results could be either remarkably positive or severely negative. Such a substan-
tial divergence reflects the company’s high-risk strategy and rather fragile position, making it heavily dependent
on market conditions and external factors.

Table 8. Forecast of Xiaomi’s Profit Dynamics for 2025-2028, billion USD, source: compiled by the authors

2020 7,9

2021 7,5

2022 0,9

2023 6,3

2024 9,1 9,1 9,10 9,10

2025 8,087687659 1,16 15,02

2026 8,484740649 1,34 15,63

2027 8,881793639 1,53 16,24

2028 29,50690447 23,67 35,34
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Figure 5. Forecast of Xiaomi’s profit growth for 2025-2028, billion USD, source: compiled by the authors

Thus, the conducted analysis shows that among the three potential industry leaders, Tesla has the most stable
forecast, demonstrating the fastest growth and potentially doubling its profit by 2028. Apple maintains the largest
profit size among the three, but its growth rate is considerably slower than Tesla’s, and the wider gap between its
forecast confidence bands indicates a higher level of strategic risk. The situation could significantly improve — and
the trend could move toward the upper confidence line — if Apple releases a new innovative product, potentially
its own electric vehicle. The most unstable forecast belongs to Xiaomi, which faced profitability issues in its tra-
ditional market. However, its risky yet strategically sound decision to enter the automotive market with its own
EV could become a turning point in the company’s development and significantly improve its performance.

The obtained research results are highly significant from the standpoint of achieving the Sustainable Development
Goals (SDGs), as they demonstrate the deep interconnection between digitalization processes, the innovative de-
velopment of the automotive industry, and the ecological transformation of the global economy. A comparative
analysis of the leading automakers and technology companies revealed that global trends in automotive manufac-
turing directly contribute to the achievement of SDGs 7, 9, 11, 12, and 13, as defined by the United Nations.
First, the rapid expansion of the electric vehicle market — led by companies such as Tesla, BYD, and BMW, along
with Xiaomi’s entry and Apple’s potential return — confirms the priority of Goal 7 — Affordable and Clean Energy.
The large-scale introduction of electric and hydrogen-powered vehicles reduces dependence on fossil fuels, pro-
motes the development of renewable energy, and lowers CO: emissions. In 2024 alone, the share of EVs in global
sales exceeded 18%, reflecting the systemic integration of technological innovation into transport infrastructure.
At the same time, the active digitalization of production — through the use of artificial intelligence, cloud technol-
ogies, sensor systems, and big data — contributes to Goal 9 — Industry, Innovation, and Infrastructure. Notably, the
market capitalization of technology corporations (Apple, Microsoft, NVIDIA) is nearly ten times higher than that
of automotive leaders, indicating an investment shift toward the smart industry and the synergy between high
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technology and mechanical engineering. This process forms the basis for a new industrial revolution, in which the
automobile becomes an integral element of the user’s digital ecosystem.

The development of smart transportation systems, car-sharing, and autonomous vehicles promotes the achieve-
ment of Goal 11 — Sustainable Cities and Communities, by reducing traffic congestion, noise pollution, and harm-
ful emissions. A vivid example is the Chinese model of urban mobility, where, supported by government policies
and domestic demand, EV sales in 2024 reached 38.3% of all vehicles sold nationwide. This dynamic demonstrates
the emergence of a sustainable urban environment.

The advancement of the circular economy and the reduction of production material intensity contribute to Goal 12
— Responsible Consumption and Production. The implementation of battery recycling technologies, eco-friendly
materials, and digital vehicle lifecycle monitoring systems enhances resource efficiency and minimizes waste.
Finally, achieving Goal 13 — Climate Action is reflected in the strategic intentions of major corporations to decar-
bonize production. Profit forecasts indicate that EV manufacturers not only maintain profitability but also ensure
the ecological sustainability of their business models. For instance, Tesla’s profit is projected to grow from USD
14 billion in 2024 to USD 29.5 billion in 2028, confirming the economic viability of investing in green technolo-
gies.

In conclusion, the study proves that the synergy between the automotive and technology sectors is one of the key
drivers of global sustainable development. It ensures not only innovation and competitiveness but also fosters an
environmentally safe, socially responsible, and economically resilient future for the global economy.

6. Conclusions

Despite the fact that traditional automobile manufacturers currently hold stable positions — characterized by con-
sistent profitability and steady revenue growth — the market capitalization of these companies is increasing much
more slowly compared to new entrants such as Tesla, BYD, and Xiaomi. This reflects a structural transformation
of the market, where the advantage is gradually shifting toward innovation-oriented corporations capable of inte-
grating technological advancement, environmental sustainability, and digital connectivity into a unified business
model.

The orientation toward new automotive trends is linked to the transformation of vehicles into high-tech devices
integrated into the user’s digital ecosystem, featuring high levels of autonomy, safety, and energy efficiency. These
vehicles are controlled through intelligent interfaces, artificial intelligence, and mobile applications, fundamentally
changing the paradigm of transportation consumption. Therefore, the future leaders of the automotive market are
likely to be Tesla, Apple, and Xiaomi, as they combine technological flexibility with a strategic focus on green
innovation.

Transformational processes in the industry have already begun, and the electrification of vehicles is merely the
first stage of a deeper shift in the production and technological base. Competition in the market is intensifying: the
tech giant Huawei is actively collaborating with leading Chinese automakers (SAIC, BYD, JAC, GAC, BAIC,
Chery) to develop electric cars with built-in autopilot systems integrated into the Harmony Intelligent Mobility
Alliance (HIMA) digital ecosystem, based on its proprietary HarmonyOS (Huawei, 2025). Such a symbiosis be-
tween the technology and automotive sectors contributes directly to the realization of the UN Sustainable Devel-
opment Goals (SDGs) — in particular, Goals 7, 9, 11, 12, and 13, which focus on clean energy, innovation, sus-
tainable cities, responsible production, and climate action.

At the same time, contemporary researchers highlight a number of challenges that complicate the achievement of
these goals in the context of the automotive industry.

According to Vijaya et al. (2025), the sector remains insufficiently prepared for the full integration of ESG envi-
ronmental standards into corporate strategies, which limits the effectiveness of decarbonization efforts. Glova &
Panko, 2025 note the risk of a short-term decline in profitability due to high costs of implementing green technol-
ogies, potentially constraining investment activity in the medium term. Avasilcai et al., 2025 emphasize the prob-
lem of digital inequality between countries, as the innovation infrastructure required for e-mobility and sustainable
consumption is concentrated mainly in developed economies. Moreover, Lopez-Vega et al., 2023 argue that digi-
talization introduces new challenges in energy consumption, cybersecurity, and data accessibility, calling for cross-
sectoral regulation.

Scholarly discussion also indicates that the transition to sustainable mobility requires not only technological inno-
vation but also profound socio-economic changes. Pérez-Moure et al., 2023 emphasize that the development of
autonomous and connected transport systems without proper regulation may lead to inequality in access to smart
mobility, particularly in developing countries. Thus, the key challenge for the global automotive industry remains
the balance between economic efficiency (Kozlovskyi et al., 2025), social equity, and environmental sustainability.
In summary, it can be stated that the automotive industry is undergoing a deep transformation driven by digitali-
zation and the implementation of sustainable development principles. These changes have the potential to become
a powerful driver of scientific and technological progress, the formation of a green industrial policy, and the
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achievement of balanced economic growth, provided that innovative, environmental, and socially responsible ap-
proaches are effectively integrated into the industry’s development strategy. At the same time, the integration of
digital and automotive technologies remains in its early stages and requires substantial investment, regulatory
support, and governmental coordination. Despite these challenges, the convergence of the automotive and tech-
nology sectors marks the beginning of a new era of innovation, enhancing urban mobility efficiency, shaping the
architecture of smart cities, and making a tangible contribution to the global implementation of the Sustainable
Development Goals (Pamucar et al., 2023).
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