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Abstract. The research article gives a world-wide Electric Vehicles sales from
2010 to 2024 that clearly States how the car industry is transforming to the
trending EV to support sustainable transportation. This research article shows
very clearly about EV adoption that change over time focusing on the alternate
types of power usages like battery electric vehicle, plug in hybrid and fuel cell
electric vehicles. The battery electric vehicles are the most commonly used EV
sold throughout the world where China is the best place for both EV adoption
and battery electric vehicle penetration followed by the North America and
Europe. This transformation of larger trend in the development of electric
vehicles is dynamic. In early inventions in 19th century and then in 21st century
the technological advancements and government incentive, the environmental
concern brought this EV back. Proposed research article implies how
environment is influenced on the economic reasons, the government rules and
customer demand all over make put up together to shape the EV markets.
Implementation of Machine learning models were used to predict, classify and
adopt the trends to better transforming transportations. The most selected
classifiers used in building a model using machine learning algorithms are
random forest, random committee with variable attributes. Random committee is
strong Contender with least correlation but greatly reduced errors which make
the built model useful for ensemble-based validation. The best results are
obtained by Random Forest and Random Committee, with correlations above
0.87, indicating good predictive ML model. Even though KStar's 10-fold cross
validation clearly outperforms its 5-fold version, ensemble approaches still
outperform it. Finally, the results claim the EV cars are not only a momentary
trend but a key part of changing transportation all over the world.

Keywords: Global EV Sales, EV Adoption, ML Algorithm, Random Forest,
Random Committee,Kstar, Plug-in Hybrid EV’s, Fuel Cell Electric Vehicles
(FCEVs).

1 Introduction

The Global EV Outlook 2024 is the International Energy Agency's projected study on
electric transportation. The proposal's outcome predicts how consumers will feel about
the future and gives detailed information about global EV sales, inventories, and
charging setup. The number of electric vehicles (EVs) expanded a lot, from 2010 to
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2024. Battery-electric vehicles (BEVs) were the most popular type of sustainable power
source. China is the leader in EV adoption, followed by North America and Europe.
The disparities between provinces are highlighted. The suggested study is a useful way
to learn about the things that make people want to buy EVs and how they act on that
desire. It looks at more than just numbers, including legal frameworks, industry
commitments, and environmental implications. The International Energy Agency
(IEA) report is the main source of global EV statistics and policy analysis [1].

The Global EV Data is a tool that lets academics look into how electric vehicles (EVs)
are used around the world in real time. It Instructs information about sales, catalogues,
and charging infrastructure in different parts of the world, broken down by type of
power dealing: Battery Electric Vehicles (BEVs), Plug-in Hybrid Electric Vehicles
(PHEVs), and Fuel Cell Electric Vehicles (FCEVs). The application stays you directly
look at adoption trends and infrastructure growth in different areas, unlike traditional
reports. The visualizations show how EVs have changed from 2010 to 2024, and they
give a lot of detail about how BEVs are becoming more popular while PHEVs and
FCEVs are making headway in niche markets [3].

Katari's Global EV Sales from 2010 to 2024 the dashboard application like power BI is
used to see electric car sales informatics for different areas and types of wheel power
resources in an interactive way. This tool lets researchers look at adoption patterns in a
way that is easy to use by turning raw statistics into interactive charts and dashboards.
It shows how quickly EVs grew from 2010 to 2024, with obvious comparisons across
regions that illustrate China's supremacy, followed by North America and Europe. The
dashboard also shows how many Batteries Electric Vehicles (BEVs), Plug-in Hybrid
Electric Vehicles (PHEVs), and Fuel Cell Electric Vehicles (FCEVs). This supports the
finding that BEVs account for the majority of global sales. The dashboard in this study
serves as a backup source for authorized data, such as IEA publications, and aids in the
analysis and picturing of the global shifts in EV adoption [7].

The Sinclair C5 is one of the recent attempts of electric vehicles access to the wider
population. In 1985, Sir Clive Sinclair introduced the three-wheeled electric car. It
could only travel about 15 miles per hour and 20 to 30 miles on a single charge, make
it ideal for quick city visits. Despite having a novel concept, the C5 was panned for
being dangerous, lacking weather protection, and having a low driving profile that made
it simple to manoeuvrer into traffic jams. Shortly after its release, the car was taken off
the market due to poor sales performance. According to Encyclopaedia Britannica, the
Sinclair C5 is a essential moment in the development of electric cars. It demonstrates
the early electric mobility's practical issues as well as its technological aspirations. In
order to validate how EVs have evolved over time and how early adoption rates were
impacted by customer expectations and infrastructure issues, this study uses the C5 as
a historic case study [6].
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The General Motors EV1 the first electric car to be made in large numbers in the
modern age. It came out in the late 1990s.Electric Vehicle 1 was special because of its
cutting-edge design, efficacy, and performance. When gasoline-powered cars
dominated the market, the EV1 showed off the potential of electric vehicles.
Nevertheless, its remarkable technological promise, the EV1 had some drawbacks, such
as high cost of manufacturing, restricted supply, and inadequate infrastructure for
charging. In the end, General Motors halted the initiative and recalled the majority of
the cars, a move that generated intense discussion and controversy regarding the auto
industry's dedication to electrification. The proposed research article EV1 represents a
significant historical turning point that highlights the potential and constraints of early
contemporary EV adoption. It is detailed information about how business strategy,
customer demand, and technological progress worked together to shape the growth of
electric mobility before it was strengthened in the 21st century [8].

The Inside EVs article gives a full account of how General Motors' EV1 started the
current electric vehicle revolution. The EV1 in the bigger picture of how electric
vehicles have grown, been more popular, become more efficient, and changed people's
minds since the 1990s. The source underlines how the EV1 reignited interest in electric
mobility and set the stage for advances in battery technology and vehicle design, despite
the fact that it was eventually cancelled. It links the history of the EV1 to the current
wave of EV adoption, signifying how early and expensive production led producers and
governments to come up with better resolutions. The proposed EVs article supports the
idea that electric mobility is providing a conventional link between earlier trials and the
current momentum of electric vehicles [9].

ACKO Insurance (2024) states that there are 4 primary categories of EV’s. Battery
Electric Vehicles (BEVs) are the prime choice because they just use rechargeable
batteries and don't emit any pollutants. An internal combustion engine and an electric
motor are combined in hybrid electric vehicles (HEVs) to surge fuel efficiency. Plug-
in hybrid electric vehicles (PHEVs) flexible in between electric and traditional power
by supporting short-range all-electric driving and enabling peripheral charging. Lastly,
hydrogen fuel cells power Fuel Cell Electric Vehicles (FCEVs), which allow for quick
refilling but necessitate specific infrastructure. According to the survey, HEVs and
PHEVs offer a balanced combination of efficiency and range, but BEVs are now the
very popular due to high upfront costs and infrastructural issues, FCEVs are still less
available despite their sophisticated technology (ACKO, 2024) [2].

Trucks Buses (2024) insist that there are 4 types of EV’s like Battery Electric Vehicles
(BEVs), which run only on rechargeable batteries and don't pollute the air; Hybrid
Electric Vehicles (HEVs), which use equally an internal combustion engine and an
electric motor to be more effective. Plug-in Hybrid Electric Vehicles (PHEVs), which
can be charged from outside and driven for short distances on all-electric power; and
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Fuel Cell Electric Vehicles (FCEVs), which use hydrogen fuel cells to charge quickly
but need special infrastructure.

Zaino, R., et al (2024) [4] proposed systematic review summarizes research from
around the world on the adoption of electric vehicles (EVs), looking at organizational
preparedness, policy frameworks, environmental advantages, and technological
advancements. The development of charging infrastructure, high prices, grid
integration problems, and consumer awareness, continue to be major obstacles due to
the quick increase in EV adoption. The automobile industry is currently going through
one of the most noteworthy changes in its history. EV sales went from being a niche
sector to the mainstream, in the years between 2010 and 2024. This transformed the
way people travel and disturbed the well-known rules for how ICE vehicles are
governed. This transition is important since it is the consequence of a combination of
social change, controlling support, and market demand, as well as technological
improvement [5].
Fig. 1. Electric Vehicles in global market
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Data visualizations and geographic classifications report illustrates how environmental
benefits, technological advancements, economic factors, and governmental regulations
have all combined to influence the future of electric mobility by cutting edge trends
within the broader context of the evolution of electric vehicles (EVs). In the end, the
research shows that EVs will always be important as a key part of sustainable mobility

and a way to spark new ideas in the car industry. Fig 1 shows the global market report
0f 2025 [10].

$1051.2
billion

At the core of electric vehicle (EV) transition, electrons and algorithms come together.
Machine learning is a key part of figuring out battery innovation and speeding up
adoption. Recent market visualisations show that the worldwide EV taxi market is
expected to grow from $24.1 billion in 2023 to $80.4 billion by 2033, with a compound
annual growth rate (CAGR) of 12.8%. This growth is due to improvements in battery
electric cars (BEVs). As illustrated in Fig.1, electric car sales in China, Europe, the

U.S., and other places have grown at an exponential rate from 2014 to 2024, with BEVs
leading the way. ML models look at how batteries behave, such how they charge, how
they heat up, and how they break down, to improve performance and guess when they
will fail. This intelligence powers real-time diagnostics and adaptive energy
management, which fits with the larger EV industry prediction of $1051.2 billion by
2029, with a CAGR of 22.6%. The output is a data-driven battery that not only powers
cars but also makes transportation more eco-friendly [9].
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2 Literature Review

Zaino, R et.al.,they looked at government rules, new technologies, and market trends
to come up with the idea of electric cars (EVs) in India. The research speaks about
problems with charging infrastructure and higher initial deposits, but it also says about
how important programs like the FAME program, expanding consumer awareness, and
big companies in the market are [4].

Bielewski, M. et al According to Electrek, all-solid-state EV batteries have made the
necessary advances and might improve safety and range. There are still problems with
lowering costs and scaling up manufacturing, but the progress clearly shows that the
technology is very close to being ready for the market [5].

The future generation of solid-state batteries is discussed in by Galan, JM , who
instructs the range of EVs will go up by 50%. The paper looks at how this innovation
could change the industry, even though there are still problems with mass production
and pricing [6].

Barrasso, J.speaks in the EV Charging Index 2024 that charging networks around the
world are becoming more accessible, reliable, and constantly improving. The research
speaks about how different areas are meeting the growing demand for electric vehicles
and how important it is to develop the infrastructure [§]

Deng, Y., Ma, M., Zhou, N., research maintains track of automakers' promises to build
cars that don't pollute the air, upfronting on more money being spent, new models being
released, and policies that are in line with these goals. The industry is moving forward,
although there are still problems with scaling up production and infrastructure [10].

3 Article Flow

The proposed roadmap of this article at first begins with the introduction, which
establishes the context of global EV adoption between 2010 and 2024, Secondly by a
literature review that synthesizes prior studies on technological advances,
environmental benefits, and policy frameworks; the dataset acquisition and description
outline the time-series data on EV sales segmented by the region, forming the basis for
analysis. The next step is the proposed methodology with details of the machine
learning workflow implemented using WEKA 3.8.5, including preprocessing,
algorithm selection (K-Star, Random Committee, Random Forest), model training, and
evaluating the performance characteristics with metrics such as MAE, RMSE, RAE,
and RRSE. The next step is the results and discussion part that compares model outputs,
Environmental, market implications, accentuating sustainability, automaker promises,
and infrastructure expansion, before concluding with future directions such as
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solid-state  battery = commercialization, ML-driven predictive maintenance,
renewable-powered charging networks, and shared autonomous EV navies, thereby
positioning EVs as a cutting edge technology of sustainable and intelligent
transportation.

4 Proposed Methodology

The first step in constructing a machine learning model is to get the data. This is where
you collect relevant datasets to use as the basis for analysis. Next comes preprocessing,
which is an important phase that cleans, normalises, and changes Source data to make
sure it is good input. Next, the type of issue and the data's properties are used to choose
the right ML methods, such KStar or Random Forest.

Datace Selecting MI -
(Dat Aalas'ul't' ) ——>» Pre Processing Algorithms  — ML l:::ﬁl"?nu"dmg
ata Acquisition L (KStar, Random) ) ¢

Attainment of Effectiveness and Performance
optimum Model Error Evaluation Evaluation

Fig. 2. Experimental procedural diagram

Fig. 2 shows that the design construction and training phase uses these techniques to
find patterns and connections in the data. After being trained, the model is tested to see
how well it works by utilising measures like accuracy, precision, or RMSE to see how
good it is at making predictions. Further, effectiveness and error evaluation help refine
the model by identifying limitations and areas for improvement. The last phase is to
find the best model, which combines accuracy, efficiency, and generalisability so that
it may be used in real-world situations.

5 Dataset Overview

The Global EV Sales: 2010-2024 provides systematize, time-series data on electric
vehicle sales across multiple countries and powertrain types. Covering the years 2010
through 2024, it includes annual sales volumes segmented by Battery Electric Vehicles
(BEVs), Plug-in Hybrid Electric Vehicles (PHEVs), and Fuel Cell Electric Vehicles
(FCEVs), along with cumulative stock figures and market share indicators. The
comparative analysis of regional adoption trends and supports visualisation through
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tools like Power BI and Tableau. [14] It is particularly useful for researchers
investigative the evolution of EV markets, policy impacts, and technology
dissemination. As a community-contributed resource, it complements official datasets
from the IEA and ICCT, though cross-validation is recommended.
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Fig. 3. Worldwide Distribution of EV Sale by Powertrain type

This chart shows that BEVs account for the largest share of EV sales globally, followed
by plug-in hybrid electric vehicles (PHEVs) and fuel cell electric vehicles
(FCEVs).Fig.3 shows the Worldwide Distribution of EV Sale by Powertrain type.
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This chart shows that EV sales have been increasing globally since 2010. China is the
region that has bought the most electric vehicles, followed by North America. Fig.4
shows the EV Sale Over Time Grouped Region
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Fig. 5. EV Sales Share by Grouped Region and BEV Powertrain

This chart shows that the majority of EVs sold globally in 2024 were battery electric
vehicles (BEVs).Fig. 5 shows the EV Sales Share by Grouped Region and BEV
Powertrain China is again the region that has purchased the most BEVs, followed by
North America.

6 Investigational Results and Discussions

Performance Metrices including Root Mean Squared Error (RMSE), Relative Absolute
Error (RAE), Mean of Error (ME), Root Relative Squared Error (RRSE) and Mean of
Absolute Error (MAE)

ME: Equation 1 divides the result by n after adding up all of the variations. In
this context, an error is defined as a measurement uncertainty or the
discrepancy between the measured and true/correct values.

1 o
ME = — 3¢ (x; — %) ()
RMSE: Equation 2 is one of two closely related and widely used measurements
of the discrepancies between real or anticipated values and observed values or

RMSE = /ﬁ P (x — %) @

MAE: Equation 3 is the average variation among the important numbers in the
dataset and the values predicted within the same dataset.

1 o
MAE = —¥_qlx; — & 3)
RAE: Equation 4 is the Ratio of total absolute error to the total absolute
deviation from the mean of actual values.

an estimate.
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e RRSE: Equation 5 is the square root of the ratio of total squared error to the
total
squared deviation from the mean of actual values.
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Table 1. Comparative analysis of the performance metrices
Model Correlation MAE RMSE RAE RRSE Notes
k) (M) (%) (%)
K-Star(5-fold)  0.20 1334 6.72 171 98 Poor fit
K-Star (10- 0.74 373 5.72 48 83 Improved
fold) but
unstable
Random 0.87 228 404 29 59 Strong
Committee ensemble
Best
Random Forest 0.88 249 4.00 32 58
performer

Table 1 describes KStar’s performance jumps from near-random (5-fold) to strong
correlation (10-fold). Especially for datasets with heterogeneous attributes like EV
adoption data. Random Committee and Random Forest clearly outperform KStar.
Ensemble approaches reduce variance and capture complex non-linear relationships in
EV data (region, category, powertrain, etc.).

Highest correlation coefficient (0.8821). Lowest RMSE relative to dataset scale.
Consistent performance across folds. Good for making predictions about policies and
trends in EV uptake. MAE values between 200k and 370k show that the predictions are
rather close to the real values, provided that the dataset has 12,654 occurrences. RMSE
figures (=<4M—-6M) show that there are sometimes big differences, which might be
because of outliers, as when EV sales or oil displacement factors suddenly surge. Use
Random Forest to estimate how EV adoption will change over time. To lower RMSE
even more, think about feature engineering, such as adding interaction terms between
region and powertrain. Random Forest and Random Committee are the best since they
have correlations over 0.87, which means they are very good at predicting. KStar (10-
fold) is a lot better than 5-fold, but it still isn't as good as ensemble approaches. Random
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Committee has the lowest MAE (around 228k), which means its forecasts are more
accurate. Random Forest strikes a good mix between reducing errors and finding
correlations. The RMSE (~4M) is the lowest overall. KStar (5-fold) has very high
mistakes. Which backs up what was said in the figure about poor generalisation.

Built Model Characteristics
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Fig. 6. Model parameters versus output

Random Forest is the strongest model since it has a high correlation with low error
metrics. This makes it perfect for predicting trends in Electric Vehicle uptake. Random
Committee is a strong competitor: A little less correlation, but great at reducing errors,
which makes it good for ensemble-based validation. Fig.6. Shows the Model parameters
versus output. KStar is not always the same: Performance is strongly dependent on cross-
validation folds, which means it's probably not as trustworthy for complicated EV
datasets.

7 Sustainable Impact

Electric Vehicles (EVs) represent a transformative shift in global transportation,
offering reduced emissions by producing zero tailpipe pollutants and thereby improving
air quality and combating climate change, while continuous advancements in battery
technology—such as solid-state innovations—are enhancing range, lowering costs, and
reducing charging times; economically, EVs deliver lower operating and maintenance
expenses compared to internal combustion engine vehicles due to cheaper electricity
and fewer moving parts, and governments worldwide are accelerating adoption through
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subsidies, tax incentives, and strict emission regulations, with many setting deadlines
to phase out ICE vehicles entirely; major automakers including Tesla, Nissan, GM, and
Volkswagen are committing to electrification, supported by rapid expansion of charging
infrastructure that makes EV ownership increasingly practical, especially in regions
like the UK rising consumer awareness and demand for sustainable mobility, coupled
with urbanisation, shared transport, and smart city initiatives, are driving the popularity
of electric buses, bikes, and scooters, positioning EVs as a cornerstone of long-term
sustainability and resource efficiency, ultimately proving that they are not a passing
trend but a lasting revolution in the automotive industry and global mobility.

Global sales of electric vehicles (EVs) skyrocketed from 2010 to 2024, with battery
electric vehicles (BEVs) leading the way and China having the largest market share.
Visualisations show that there are differences between regions, with Europe and North
America coming in last. The Sinclair C5 and GM EV1 are two examples from the past
that show early problems. Recent improvements in solid-state batteries and charging
infrastructure have made it easier to drive farther and more conveniently. Policy
support, notably in China, Norway, and India, was very important, and carmaker
pledges made it such that sales were mostly concentrated around a few significant
players. Thematic synthesis reveals that for EVs to be adopted on a large scale,
technology, infrastructure, and legislation must all work together to avoid
fragmentation and have a global effect.

8 Final Analysis and Future Pathways

The history of electric cars is one of resolve and change, In the early 20th century, EVs
held a sizable portion of the market, but as gasoline-powered engines became more
popular, they all but disappeared. The oil crisis in the late 1970s led to a rise in interest
in alternative energy, yet electric mobility was still quite rare. But in the end, modern
electric vehicle growth was shaped by early models like the General Motors EV1 and
the Sinclair C5.

Thanks to advances in battery technology and a greater awareness of the environment,
electric vehicles (EVs) are now leading the way in car innovation. The sale of solid-
state batteries to make them safer and give them a longer range. The use of Al for smart
energy management and predictive maintenance, the proliferation of charging networks
powered by renewable energy to cut lifecycle emissions, and the creation of shared
autonomous EV fleets are all good things for future generations. These routes, when
looked at as a whole, show the way to an Al-based transportation system that is both
sustainable and easy to use.
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