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Abstract

Over the past decade, electric vehicle (EV) adoption has surged globally, driving a sharp
increase in charging infrastructure demand. This paper reviews the worldwide growth of EV
markets and the corresponding expansion of charging networks. We analyze recent data on EV
stocks and sales, and document how public and private chargers have proliferated. For example,
global EV stocks rose from ~1.5 million in 2018 to over 15 million by 2024. Public charging
points have more than doubled since 2022, exceeding 5 million by end-2024 (International
Energy Agency., 2025). The study examines regional patterns - China hosts about 65% of
chargers added since 2020, Europe and North America are expanding rapidly, and emerging
markets like India and Latin America are accelerating growth. It also surveys technical and
policy factors: fast-charging technology improvements, smart-grid integration, and government
incentives. Challenges such as high deployment costs, grid impacts, and uneven charging access
are discussed. Practical data sources and case studies (e.g., smart charging experiments)
illustrate real-world demand management and usage patterns. We highlight that balancing
charger rollout with EV uptake is critical; globally there are on average ~10 EVs per public
charger, a ratio that varies widely by country. To meet future demand, coordinated planning,
standards, and investment will be needed.

Keywords: Electric vehicles (EVs), Charging infrastructure, public charging points, EV
charging demand, Smart charging, international trends.
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Introduction

Electric vehicles (EVs) are rapidly transforming global transport and energy systems. A
growing concern is whether charging infrastructure can keep pace with EV adoption. By 2024,
EV sales had grown to where roughly 1 in 5 new cars worldwide was electric. This shift has
driven up charging demand and exposed infrastructure gaps. The EV stock (vehicles in use)
climbed from a few million in 2015 to nearly 60 million by 2024 (Ritchie, H., 2024). Figure 1
shows global EV stocks by country, illustrating the rapid growth of electric cars.

Electric cars include fully battery-electric* and plug-in hybrids®,
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Figure 1 Global electric car stock (millions of vehicles) by region, 2010-2024 (source: Our
World in Data; data from IEA). The global EV fleet has grown steeply, especially in China,
Europe, and the US.

EV charging infrastructure has expanded, but demand often outstrips supply. Building a robust
network of charging points is essential not only for EV owners to fuel up but also to reduce
“range anxiety” and encourage adoption. Policies in many regions (e.g. EU directives, US
infrastructure plans, China’s subsidies) now strongly support charging installations. Technical
standards for plugs and communication (ISO 15118, CHAdeMO, CCS) are evolving to enable
interoperability and faster charging. At the same time, integrating EV charging with renewable
energy and smart grids is a focus of research. This paper examines global trends in EV charging
demand and infrastructure development, presenting data on charger growth, usage patterns, and
technological advances.

Growth of EV Sales and Charging Demand

EV adoption has accelerated worldwide. As of 2024, over 22% of new cars sold globally were
plug-in electric vehicles. The market share was especially high in countries like Norway (92%),
China (~50%), and some European nations (Ritchie, H., 2024). This rapid uptake is shown in
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Figure 2, which plots the increasing share of EVs in new car sales. Strong policy incentives and
consumer interest have pushed EV fleets upward.
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Figure 2 Share of new passenger cars that are electric (battery-electric or plug-in hybrid),
2010-2024 (source: Our World in Data). The global EV sales share exceeded 20% by 2024,
with especially high uptake in Norway and China.

With more EVs on the road, energy demand for charging has risen. McKinsey (2018) estimated
that charging-energy demand in major markets could grow from about 20 billion kWh in 2020
to roughly 280 billion kWh by 2030. Even under this steep scenario, the total is under 10% of
present U.S. electricity consumption (Engel, H., Hensley, R., & Sahdev, S., 2018). These figures
highlight that EV charging could significantly boost electricity use, but remains a fraction of
overall demand. In practice, most EV charging occurs at home or work, but public charging
centers are critical for long trips and for drivers without home chargers.

Expansion of Charging Infrastructure

Charging points are rapidly being deployed worldwide. According to the International Energy
Agency, global public charging points surpassed 5 million by end-2024. This stock has more
than doubled since 2022. For instance, over 1.3 million public chargers were added in 2024 (a
>30% increase) (International Energy Agency., 2025). Figure 3 illustrates this growth: public
chargers rose from under 2 million in 2021 to millions by 2024.
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Figure 3 Number of public EV charging points globally (in millions) from 2010 to 2021
(source: sustainabilitybynumbers.com, based on IEA data). Public charger deployment has
accelerated in recent years to match rising EV ownership.

Regionally, China leads by a wide margin. About two-thirds of charger growth since 2020 was
in China, which alone hosts over 65% of global public chargers. China’s network is expanding
across cities and along highways. Europe follows with strong year-on-year growth (35% more
chargers in 2024 vs 2023), now totaling over 1 million public chargers (International Energy
Agency., 2025). Top European countries include the Netherlands, Germany, and France, each
adding tens of thousands of new points annually. The United States is also growing steadily:
public charging ports increased by ~20% in 2024 to just under 200,000. India is emerging too,
installing about 40,000 new public chargers in 2024 and pledging major infrastructure
investments (International Energy Agency., 2025).

Charging infrastructure encompasses different connector types and power levels. Many
chargers are slow (AC, up to ~22 kW), suitable for overnight parking. Fast chargers (DC, 50-
150 kW) and ultra-fast chargers (150+ kW) are also proliferating. In 2024, the global stock of
fast chargers (22-150 kW) reached ~2 million, and ultra-fast chargers rose sharply, now making
up ~10% of all fast chargers (International Energy Agency., 2025). Falling equipment costs
helped drive this, with ultra-fast charger prices down ~20% from 2022 to 2024. Notably, China
added the most fast chargers in 2024, growing from 1.2 million to 1.6 million fast sockets
(International Energy Agency., 2025).

Charging Coverage and Usage Ratios

One measure of infrastructure adequacy is the number of EVs per charger. Globally, this ratio
has hovered around 8-10 EVs per public charger over the past five years. However, it varies
widely by country. Figure 4 charts the trend in EVs-per-charger worldwide and for several
countries. The global average rose from about 6 in 2015 to ~10 by 2021 (Ritchie, H., 2023). In
countries with aggressive EV policies, the ratio tends to be higher. For example, Denmark and
Norway had more than 30 EVs per public charger in 2021. By contrast, China’s ratio is low (~7
EVs per charger) because of very rapid charger deployment (Ritchie, H., 2023). This metric
implies that many European countries may need more charging points to match EV growth.
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Figure 4 Electric cars per public charger, 2010-2021 (data source: Hannah Ritchie/Sustainability by Numbers).
The global ratio (~10) increased over time as EV sales outpaced charger additions, though China maintains a

lower ratio.

A country-level snapshot in 2021 is shown in Figure 5. It compares EV/changer ratios across
countries. China and some East Asian nations had very low ratios (below 10), reflecting heavy
charger investment early on. North American and many European countries clustered above the
global average. High-income countries typically have more home and workplace charging,
which reduces dependency on public stations. Nevertheless, public coverage remains crucial.
Europe has targeted a standard of 1 public charger per 10 EVs, but most EU nations exceed this
ratio except a few (e.g. Netherlands, Greece).

New Zealand 55.7
Iceland 38.2
Denmark 34.7
Norway 32
Brazil 279
Germany 25.8
India 24.5
Sweden 221
United Kingdom 204
Australia 20.4
Canada 19.9
Portugal 18.8
United States 123
Switzerland 17
Finland 15.2
Belgium 13.4
France 13.2
Japan 11.7
Italy 10.4
Poland 10.3
World 9.2
Mexico 8.9
Greece 8.7
China 6.8
South Africa 58
Netherlands 4.6
Chile 29
South Korea 2.1
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Figure 5 Electric cars per public charger by country (2021) (source: Ritchie 2023). China and South Korea had
very low EVs-per-charger ratios (2-7), while most European countries and the US had higher ratios (10-20 EVs
per charger).
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Apart from quantity, charger quality matters. In areas with fewer chargers, using faster chargers
helps meet demand. For instance, if one fast charger can service multiple cars per day, it
partially compensates for lower charger density. According to one analysis, a high share of fast
chargers can offset a high EV-to-charger ratio. Norway had ~33% of its public chargers as fast-
charging units, higher than most countries. Brazil and India, by contrast, had very few fast
chargers in 2021.

Technological and Operational Developments

Charging technology is evolving. Apart from conventional plug-in chargers, wireless
(inductive) charging and battery swapping are being tested. Standards like ISO 15118
(communication between car and charger) enable features like “plug-and-charge,” simplifying
payment and potentially supporting bi-directional flows (vehicle-to-grid, V2G). Fast charging
capacity is improving: new stations above 350 kW are being deployed, anticipating high-power
EV models (Li, Z., 2024).

Smart charging strategies are also critical. Uncoordinated charging (everyone plugging in at
peak times) can strain grids. Studies show that if EV penetration rises from 25% to 50%, peak
electricity demand could jump 166% with unmanaged charging (Mahmud et al., 2023). By
contrast, controlled or off-peak charging can dramatically cut peak loads (one study found a
96% reduction in peak demand relative to uncontrolled charging) (Mahmud et al., 2023).
Deploying such demand management, along with V2G where EVs can feed energy back, will
help integrate EV loads without new power plants.

Grid impacts vary by region. In urban China, many drivers rely on public chargers due to limited
private parking, increasing peak and distribution loads. Utilities and regulators are responding:
time-of-use pricing, charger demand charges, and incentives for daytime charging aim to flatten
demand curves. Pilot projects (e.g. data from Canary Media’s 10-year charging dataset) show
that managed charging can stabilize grid use and even provide backup power during outages.
These practical experiments highlight how EV charging infrastructure can be woven into energy
systems.

Regional Infrastructure Strategies and Policies

Different regions are pursuing tailored strategies. In the EU, policies (AFIR directive) aim to
roughly double chargers by 2030 and install ultra-fast chargers every 60 km on highways. Many
EU countries offer subsidies or mandates for charging points. In the US, the National Charging
Network initiative projects thousands of new high-speed stations to connect major corridors.
As noted by NREL, US charging ports grew 5-8% per quarter in 2023-2024 (Brown et al.,
2024). Utilities in California and New York, for example, provide grants for residential and fast
chargers to meet state EV goals.

Asia-Pacific is notable for sheer scale. China’s government and industry have heavily
subsidized charging, resulting in over 3.3 million public chargers by 2023 (44% year-on-year
growth) (Li, Z., 2024). India launched the FAME scheme and E-DRIVE program, adding
~40,000 public chargers in 2024 and allocating ~§240M for stations. Japan and South Korea
are also expanding networks rapidly. In ASEAN countries (Indonesia, Thailand, Malaysia,
Vietnam), combined chargers grew ninefold since 2022 to over 24,000 units.

Meanwhile, Africa and Latin America are in earlier stages. Initiatives by organizations like
OLADE and the African Union promote charging corridors. Some governments (e.g. in South
Africa, Morocco) set targets or provide incentives. Investments are just starting to appear, often
through partnerships with foreign companies. Notably, even regions with low EV adoption
recognize the need to build infrastructure in tandem to avoid future bottlenecks.
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Case Studies and Data-Driven Insights

To illustrate practical trends, we draw on publicly available data and studies. For example, Our
World in Data provides global datasets (Figure 1,2) of EV stocks and sales that underscore the
rapid market growth (Ritchie, H., 2024). The US Department of Energy’s Alternative Fuels
Data Center offers quarterly reports on charger installations. In the first half of 2024, US public
charging ports increased by ~5-6% over the year before, with the fastest growth in Level 2 and
DC fast chargers (Brown et al., 2024).

Research projects also contribute data. Mahmud et al. (2023) modeled how uncoordinated vs.
smart charging affects grid load, finding a 166% vs. 96% spike in peak demand (Mahmud et
al., 2023). This highlights the benefits of smart-grid algorithms. Similarly, NREL’s 2030
National Charging Network report quantifies how many ports are needed per state under various
adoption scenarios. These experiments and reports help planners predict charging demand
curves and investment needs.

Looking at charger usage patterns, studies find most charging happens at home (overnight), but
public fast chargers enable long trips. For instance, a multi-year survey of home charging
showed that evening and early morning hours see peaks in demand. Pilot programs in Europe
and North America are testing vehicle-to-home and vehicle-to-grid integration, where an EV
can supply power back to a house or grid when needed, providing resilience services.

New Zealand 72%
South Africa 53%
China 41%
Poland 38%
Norway 34%
Portugal 33%
World 32%
Spain 32%
Japan 28%
Chile 25%
United Kingdom 21%
Canada 21%
Switzerland 20%
United States 19%
Germany 18%
Iceland 18%
Denmark 16%
Australia 15%
South Korea 14%
Sweden 12%
Finland 12%
Italy 10%
France 8%
Mexico 7%
Greece 7%
Belgium 6%
India 3%
Netherlands 3%
Brazil ] 1%

0% 10% 20% 30% 40% 50% 60% 70%

Figure 6 Share of public chargers that are fast-charging (above 22 kW) by country (2021).
Countries like China and South Korea had ~30-40% fast chargers, while the US and many EU
nations were at 10-20%.
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Figure 7 Number of public EV chargers (fast vs. slow) by country and region (2010-2021).
Blue bars = slow chargers (<22 kW); red = fast chargers (>22 kW). Total public charging
capacity has grown strongly, with fast chargers increasing their share in recent years.

Challenges and Future Directions

Despite progress, challenges remain. High installation costs (often $10-20k per station) slow
rollout. Grid upgrades are needed in some areas to handle fast charging. Standardization and
interoperability across providers is ongoing work. Usage of chargers varies: many are
underutilized due to uneven EV distribution. Planning needs to avoid “charger deserts” in low-
income or rural areas.

Future trends may include wireless in-road charging, mega-fast chargers (>500 kW), and
integration with renewable microgrids. International cooperation (e.g. CharIN, ISO, SAE
standards) is aligning protocols. For developing regions, leapfrogging to community solar-
powered charging hubs could accelerate access.

The global EV charging landscape is expanding rapidly but unevenly. Charger availability is
growing to meet demand, yet in many places EV adoption still outpaces infrastructure.
Continued monitoring of data (from IEA, DOE, ICCT, etc.) and field experiments will be vital.
Policymakers and industry must work together to ensure that charging networks scale
sustainably, matching the momentum of EV adoption.
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