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Abstract. This study examines the key issues that Tesla faced during its digital 

transformation and how its successes can provide lessons for other companies. 

This issue is of great importance to the academic field as it reveals how digital 

technologies are reshaping business operating models and driving traditional 

industries towards intelligence. The research methodology includes case study, 

and an in-depth analysis of Tesla's digital practices, focusing on key areas such 

as its Software Defined Vehicle (SDV), Autopilot technology, data management, 

and supply chain optimization. The results of the study show that Tesla has not 

only successfully improved user experience but also reshaped the competitive 

landscape of the industry by deeply integrating AI, big data and IoT technologies 

into product development and operations. However, the study also found that 

Tesla faces challenges in high R&D costs, data privacy compliance and supply 

chain stability. To address these issues, the study proposes solutions, including 

launching value-added subscription services, optimizing algorithms, building 

localized data storage centers, and reducing reliance on rare metals by adjusting 

battery composition. The study suggests that Tesla's digital transformation 

experience provides a reference for other enterprises to practice innovation, and 

its successful path is of great academic and practical significance in promoting 

digital transformation and intelligent change. 
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1 Introduction 

Driven by today's global wave of digitization, digital technology is changing the mode 

of operation and competitive landscape of various industries with unprecedented speed 

and depth. Digital technology innovation has become the quintessential driver of global 

business growth [1].  Whether it is traditional manufacturing, service industry, or 

emerging technology, enterprises are actively embracing digital transformation, hoping 

to enhance the level of product intelligence using emerging technologies, to provide 

users with a more convenient and efficient experience. This transformation is not only 

a need for enterprise development, but also an inevitable choice in response to market 

changes. Against the backdrop of growing consumer demand for personalization,  

© The Author(s) 2025
M. M. Husin (ed.), Proceedings of the 2025 International Conference on Financial Risk and Investment
Management (ICFRIM 2025), Advances in Economics, Business and Management Research 333,
https://doi.org/10.2991/978-94-6463-748-9_59

https://doi.org/10.2991/978-94-6463-748-9_59
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-748-9_59&domain=pdf


demand for personalization, efficiency and intelligence, companies are making use of
new technologies such as artificial intelligence, big data and the Internet of Things to
comprehensively upgrade their product functions, design processes and service
models, so that users can enjoy the convenience of technology in a more time- and
effort-saving way. The disruptive impact of digitalization has already reached the
automotive industry and is the most significant phenomenon in the industry's 140-
year history [2]. The focus of the automotive industry under the influence of
digitalization has shifted from selling cars to customizing the experience for users [3].
Tesla is undoubtedly one of the most representative models among the many
companies committed to digital transformation. As a global leader in the new energy
automobile industry, Tesla has not only redefined the function and experience of
automobiles, but also transformed its products from mere transportation to high-tech
mobile terminals through its digital strategy. Tesla's EV is not only a collection of
hardware, but also a vivid practice of Software Defined Vehicle (SDV). It integrates
artificial intelligence algorithms, big data analysis, and smart connectivity
technologies into every aspect of vehicle design and manufacturing, completely
disrupting the business model and user experience of the traditional automotive
industry. The research idea and main content of this paper will focus on the digital
transformation of the new energy automotive industry, focusing on the successful
case of Tesla.

Therefore, this paper chooses Tesla as a typical case of digital transformation to
deeply analyse its digital innovation practices, core competencies and challenges, in
order to explore how its experience can provide inspiration for other enterprises.

2 Tesla's Core Strategy

One of the core strategies of the Tesla brand is “defining the car with software”, a
concept that revolutionizes the design, manufacturing and marketing of the traditional
automotive industry. Tesla's highly integrated software platform makes the Tesla
electric vehicle not only a vehicle, but also a feature-rich and continuously upgradable
intelligent terminal. Through this platform, the vehicle realizes the seamless
integration of many digital functions, from in-vehicle entertainment systems to self-
driving algorithms, Tesla has led the industry change with technological innovation.
Compared to the traditional business model in the automotive industry, which is based
on a “one-time sale,” when a consumer buys a car, the hardware and software features
of the car are essentially fixed, and will not be upgraded or improved over time, but
will always remain the same as they were when they left the factory. Tesla has
improved on this. Tesla has transformed to adapt to these digital trends, such as car-
sharing platforms and telematics services [4]. Tesla has seized the opportunity
brought by the wave of digitization and taken the lead in introducing Over-the-Air
(OTA) technology in the automotive field. This technology enables remote updating
of vehicle software, so that Tesla's electric cars can continuously get function
improvement and safety optimization just like smartphones. Through OTA updates,
Tesla can not only add new features and enhance performance for the vehicle, such as
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improving range and optimizing autopilot capabilities, but also provide users with a
more personalized interface experience [5]. For example, the vehicle can adjust the UI
design or add new entertainment options according to the user's preference, bringing
continuous freshness and high value-added services to the user. In addition, this
technology also empowers Tesla to be more adaptable, and always keep the product
ahead of the curve through rapid software iteration when market competition and user
needs change.

What's more, while improving user experience, OTA technology also solves, to a
certain extent, the cybersecurity problems faced by electric vehicles in the digital era.
With the enhancement of the connected functions of electric vehicles, lawbreakers
may remotely control the vehicles through network attacks, causing driving safety
hazards. However, Tesla regularly pushes security patches through OTA to repair
system vulnerabilities in a timely manner, reducing the risk of vehicle hacking. This
active defense mechanism not only enhances users' trust in the Tesla brand, but also
sets a benchmark for the entire industry in terms of safety and security. Tesla has
successfully built a huge, closed loop of data collection and feedback through OTA
technology. Every Tesla car is equipped with highly networked sensors and on-board
computing systems, which can collect multi-dimensional data from users in the
driving process in real time. Through OTA, Tesla can not only push software updates
to users, but also send driving data collected globally back to the cloud. This data is
used as a key resource for training its AI algorithms and optimizing system
performance and plays an important role in enhancing autonomous driving
capabilities. In Tesla's digital transformation process, the company has realized the
deep integration of technology and user experience by building a strong and complete
ecosystem. Tesla not only relies on its leadership in hardware manufacturing, but also
enhances the quality of user experience through its self-developed software platform,
thus winning a large and loyal user base. The core of this ecosystem is Tesla's unique
software and data-driven model. Its vehicles are not only a means of transportation,
but also an intelligent mobile terminal that can provide new functions and services
through continuous software updates (OTA), ensuring that the vehicles remain
technologically advanced throughout their life cycle.

At the same time, Tesla's strong focus on technology development has been one of
the key factors in its rapid development. The company has continuously increased its
investment in artificial intelligence and deep learning technologies, applying them to
the development and refinement of Autopilot technology. Tesla's Autopilot
technology has been trained with a large amount of real-world driving data to more
accurately recognize and respond to complex road environments. With the
optimization of neural network algorithms and the improvement of hardware
performance, Tesla's Autopilot and FSD (Fully Self-Driving) systems have evolved
from basic assisted driving to higher-order Autopilot technology that can respond to
more complex scenarios. In addition, Tesla is expanding its technology ecosystem in
other areas, such as energy management and charging networks. By integrating cars,
charging piles, home energy storage systems (such as Powerwall), and renewable
energy solutions, Tesla has created a sustainable smart lifestyle, deeply binding its
brand to green technology. This multi-dimensional technological innovation and user
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experience enhancement makes Tesla not only a leading automaker, but also a
technology company that is disrupting tradition in the future of mobility and energy.

3 Analysis on the Problems

Although Tesla has made remarkable achievements in the process of digital
transformation, it also faces a series of complex and severe challenges, especially in
the areas of technology R&D, user privacy protection, and legal compliance.
3.1 Financial Pressures

From the perspective of the entire industry, high R&D investment is undoubtedly a
common challenge faced by all digital transformation companies. Tesla, as a
technology-driven company at its core, has invested extremely heavily in autopilot,
AI algorithm optimization, and hardware upgrades. While these investments have
brought it a competitive advantage in technology leadership, they have also created a
heavy financial burden. For a listed company like Tesla, how to maintain high-speed
technology iteration while ensuring continued excellent financial performance is an
issue that its management must weigh in the long term. For some smaller or resource-
limited competitors, high R&D expenses may even lead to further amplification of
financial pressure, hindering their ability to survive and develop in the market.
3.2 The Reliability of Tesla Autopilot

Automation is increasingly at the forefront of transportation research, with the
potential to bring fully autonomous vehicles to our roads in the coming years [6].
Tesla's R&D goals in digital technology - especially in Autopilot - still have technical
bottlenecks. Although its autopilot technologies (e.g., Autopilot and FSD systems)
have achieved a certain degree of recognition globally, their reliability in extreme
environments or complex scenarios is still highly questionable. For example, in rainy
or snowy weather, the performance of sensors may be degraded by external
interference, leading to errors in the vehicle's judgment of road conditions. At the
same time, secondary issues caused directly or indirectly by weather can create
unpredictable safety issues for automated driving, indicating that the current level of
technology is not yet able to fully guarantee the safety of users on the road [7]. This
will not only negatively impact Tesla's brand reputation, but also pose a threat to
consumer confidence in Autopilot technology.
3.3 The Impact of Regional Data Protection Policies on Tesla

To further complicate matters, Tesla needs to continuously collect and process a large
amount of user data in the process of optimizing software performance and user
experience. This operation may involve, to some extent, an invasion of user privacy.
For example, the sensors and cameras built into Tesla vehicles can collect user
driving behaviours, location data, and even in-vehicle activities. The processing and
storage of such data, especially cross-border transfers, is highly susceptible to
regulatory controversy. For example, the EU's General Data Protection Regulation
(GDPR) and China's Data Security Law both impose strict restrictions on the
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collection, use, and cross-border transmission of data, requiring companies to ensure
data compliance and transparency [8]. If Tesla suffers from irregularities or lack of
transparency in data processing, it may face consequences such as large fines, sales
restrictions or even market bans, which could have a significant impact on its market
performance in the relevant regions.
3.4 The Impact of Regional Conflict on Tesla's Supply Chain

As the world's leading new energy vehicle brand, Tesla's reliance on rare metals such
as cobalt and lithium also poses significant supply chain risks. These key materials
are an indispensable foundation element in lithium-ion battery manufacturing and
directly impact the production capacity and cost structure of Tesla products. However,
these rare metal resources are mainly concentrated in a few countries, such as the
Democratic Republic of Congo (DRC) is the core source of global cobalt reserves,
and Chile has more than half of the world's lithium Salt Lake resources. The
concentration of the supply chain makes Tesla extremely sensitive to the geopolitical
stability of these countries. Geopolitical instability is a perennial potential threat. In
the Democratic Republic of Congo, for example, chronic political instability, armed
conflict, and illegal mining could disrupt cobalt supplies and even further push up
market prices for the raw material. In addition, the mining and trade of rare metals
also involves the international community's concern for environmental protection and
human rights issues, and if the supply chain compliance is questioned, it may also
affect Tesla's corporate reputation and market access. Similarly, social unrest and
mining policy adjustments in Chile in recent years may also increase the uncertainty
of lithium supply. This potential crisis in the supply chain forced Tesla to plan and
diversify its access to resources to reduce the risk posed by a single supply source. At
the same time, Tesla's transnational transportation and logistics challenges cannot be
ignored. In recent years, Sino-US trade frictions have led to increased tariffs and
increased trade barriers, directly affecting the cost and time of parts and vehicle
exports between the two countries. For example, U.S. tariffs could make parts sourced
from China more expensive, increasing Tesla's production costs. In addition, new
trade regulations implemented after Brexit have added additional complexity to the
supply of components to the European market, which could lead to reduced logistics
efficiency and higher transport costs. Even more significant is the ongoing impact of
the Russian-Ukrainian conflict, which has had a knock-on effect on global logistics
networks. The conflict has not only caused energy prices to soar, indirectly increasing
transportation costs, but has also put some key components, such as wire harnesses
from Ukraine, in short supply [9]. In addition, due to the impact of sanctions and
embargo policies, many multinational companies face disruption or restructuring of
their supply chains in the Eurasian region, and Tesla's transportation of raw materials
and parts is difficult to completely avoid these impacts.

4 Suggestions

In response to the above problems, we can propose a series of strategies to help Tesla
achieve more stable development.
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4.1 Paid Value-added Services

In terms of financial management, Tesla needs to bear high research and development
costs every year, which brings no small pressure on the company's financial situation.
To alleviate this problem, Tesla can launch more value-added subscription services
based on intelligent driving, such as advanced driver assistance functions,
personalized navigation services and entertainment system upgrades, to deepen the
personalized service of intelligent driving, improve users' willingness to pay, and
create sustainable revenue streams. In addition, by adopting a modular design, Tesla
can reduce hardware and software development costs, reduce financial pressure from
the source, and improve resource efficiency.
4.2 Increase the Intensity of Simulating Extreme Situations in Experiments

At the technical level, Tesla needs to continuously optimize the autonomous driving
algorithm, especially in the test site to simulate bad weather and extreme road
conditions, to ensure the safety of the vehicle in the real driving environment. This
kind of improvement can effectively improve users' trust in autonomous driving
technology.
4.3 Practices Under Compliance Conditions

In terms of data management, in order to comply with the laws and regulations of the
sales region, such as the European Union's General Data Protection Regulation
(GDPR) and China's Data Security Law, Tesla can establish localized data storage
centers to ensure that user data does not leave the country. At the same time,
companies need to clearly communicate the purpose and source of data use to users to
increase data transparency and enhance user trust. In addition, to ensure the safety of
the vehicle, Tesla can introduce real-time monitoring functions in the OTA (over-the-
air upgrade) system to prevent potential threats that hackers may cause to the vehicle
and users.
4.4 Enhance Supply Chain Management

In terms of material supply, Tesla is reducing its dependence on cobalt by improving
the chemical composition of the 4680 battery, such as increasing the content of nickel
in the cathode battery, thereby reducing the uncertainty of the supply of the scarce
resource. Given that Indonesia is the world's largest nickel producer, Tesla has
reached a nickel purchase agreement with Indonesia, and the next step can consider
establishing a complete battery factory in Indonesia to achieve integrated production
from raw material collection to battery assembly [10]. This not only enhances the
stability of the supply chain, but also reduces the impact of geopolitical risks on
battery assembly and logistics. Through the above multidimensional strategy, Tesla
can effectively respond to the current challenges and further consolidate its leadership
position in the new energy vehicle industry.
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5 Conclusion

Taking Tesla's digital transformation as an example, this study explores its successes
and challenges in the areas of technological innovation, data management and supply
chain optimization. The study shows that Tesla has not only realized its
transformation from traditional transportation to high-tech mobile terminal, but also
reshaped the user experience and the competitive landscape of the industry by deeply
integrating cutting-edge technologies such as artificial intelligence, big data analytics,
and the Internet of Things (IoT) with the automotive industry. However, the study
also reveals a series of problems that Tesla faces in its digital transformation, such as
high R&D costs, reliability issues of autopilot technology under extreme conditions,
data privacy and compliance risks, and dependence on the stability of the rare metal
supply chain. In response to these issues, this study proposes multifaceted
countermeasures, such as launching value-added services to reduce financial pressure,
improving compliance through localized data storage centers, and optimizing battery
materials to reduce supply chain risks. These conclusions not only provide an
important reference for Tesla's future development, but also provide practical insights
for other enterprises in the process of digital transformation.

Although this study explores Tesla's digital transformation from multiple
perspectives, there are still some limitations. For example, the study is mainly based
on Tesla's existing public information and lacks access to internal operational data, so
the analysis of some deep-seated issues may not be comprehensive enough. In
addition, this study focuses on a single case, Tesla, and lacks a side-by-side
comparison of other companies' digital transformation experiences, which may limit
the generalizability of the conclusions. Future research could further expand the
sample scope, comparatively analyse the digital transformation paths of different
enterprises, and explore the commonalities and differences between industries. In
addition, with the rapid iteration of technology, future research should also focus on
the potential of emerging technologies (e.g., blockchain and quantum computing) in
enterprise transformation to comprehensively reveal the far-reaching impact of the
digital wave on enterprise development.
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