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EV Charging Infrastructure — An
International Perspective

by Professor Vasco Sanchez Rodrigues

Since the number of electric vehicles is expected to rise, given the potentially massive number of
vehicles involved, a reliable control of EV charging will be essential for its successful penetration into
the power system (Mureddu et al., 2018), as uncontrolled electric vehicle charging leads to large
load variations in the electrical grid and impacts the power quality of the distribution grid (Shafiee et
al., 2013). If power distribution and infrastructure is not planned in a holistic manner included the
whole electricity supply chain from energy generation to electricity user (businesses and citizens) in
the long-term process of infrastructure development. Because, building EV charging infrastructure is
very likely to have impacts on power grid performance and efficiency, such as overloading, reduced
efficiency, power quality issues and disturbances, and voltage regulation, particularly at the
distribution level, may significantly increase in the near future (Khalid et al., 2019). Such as huge
venture needs to be undertaken with active support accurate science, government monitoring and
private investment.

In a study published by Amry et al. (2022) on light-duty electric vehicles drivetrain power electronics
and charging stations specifications found that integrated on-board chargers offer the possibility to
optimize the use of traction/propulsion power converters and motor windings, but suffers from a
long time to fully recharge EV batteries; nevertheless, , off-board chargers are high power chargers
that require few minutes to recharge the EV batteries up to 80% state of charge (SOC); and,
unfortunately, the massive usage of such equipment could have a negative impact on the utility grid
and may cause PQ disturbances. Hence, every given should put in place thorough planning and
delivery of infrastructure that align with their specific geographic, topographical, and socioeconomic
realities.

Studies published based on various international contexts show a diverse range of results, plans and
advice. the EV initiative is one of the few programmes listed by the International Energy Agency (IEA)
that aligns with the IEA’s net-zero emissions goals (Amara-Ouali et. al., 2023). According to a report
published by IEA (2022), in 2021, China led global EV sales with 3.3 million units, tripling its 2020
sales, followed by Europe with 2.3 million units, up from 1.4 million in 2020; and, in just 2022, the
U.S. market share of electric vehicles doubled to 4.5%, whereas electric vehicle sales in emerging
markets more than doubled. Electric mobility development entails new needs for energy providers
and consumers (Réseau de Transport d’Electricité. Futurs énergétiques 2050 (2022), and companies
and researchers are proposing innovative solutions including pricing strategies and smart charging
related to a range of solutions, e.g., grid integration of intermittent renewable energy sources using
price-responsive plug-in electric vehicles (Dallinger & Wietschel, 2012), smart charging for electric
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vehicles (Wang et al, 2016), optimal pricing to manage electric vehicles in coupled power and
transportation networks (Alizadeh et al., 2017), smart charging strategy for electric vehicle charging
stations (Moghaddam et al., 2018) and the opportunity for smart charging to mitigate the impact of
electric vehicles on transmission and distribution systems (Crozier et al., 2020).

Even though there some positive evidence on progress in EV technology, there are still some
concerns to road freight transport stakeholders that is inhibited investment on electric fleet rollouts
(Ahmad et al., 2019), including scarcity in the availability of recharging stations, extended charging

delay, coercion by underlying utility grid, and the most important is the inherent EV range anxiety
(EVRA) problem (Franke & Krems, 2013).

Research on smart charging stations has advanced substantially in the last decade, though this
report intends to show several cases from developed and emerging economies to inform the plans
and future actions of the Colombian energy and transport sectors.
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International evidence on plans and progress in EV charging stations

United States of America

According to a study published by PWC (2022), there has been incentives put in place by the US
government that has caused growth in the number of EV charging infrastructure, including 7.5 billion
investment in EV charging infrastructure, the Inflation Reduction Act provided tax credits for both
new and used electric passenger vehicles as well as for commercial vehicles, and California
announced it will ban the sale of new internal combustion engine-powered vehicles by 2035, which
the two latter causing demand growth for more EV charging stations. As Figure 1 shows, PWC (2022)
also reports that the number of charge points in the US is poised to grow from about 4 million today
to an estimated 35 million in 2030, and these incentives play a major role in driving this sharp
growth.

Installed base of all charging points 107
by segment (#M) —
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private mobile cable chargers)
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Figure 1: Estimated growth in EV charging stations
Source: PWC (2022)

However, the PWC (2022) study does not show significant growth in EV fast charging infrastructure,
which is contradicted by a recent article published in Gran Value Research (2023), which estimates
that EV fast charging infrastructure is expected to grow at a compound annual growth rate (CAGR) of
29.1% from 2023 to 2030. Also, the article reports that the development of technologies like
portable charging stations, smart charging with load management, automated payment technology,
and bi-directional charging is further expected to create new growth opportunities for the market
over the forecast period. As Grand Value Research (2022) reports in Figure 2, most of the expected
growth in the EV charging stations is driving by the fast EV charging markets, which is driving by
longer distance trips from passage vehicles and EV freight vehicles that need to be fast charging for
purely commercial and journey time sensitivity reasons.

Size, by Charger Type, 2020 - 2030 (USD Billion)
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Figure 2: US Expected EV charging infrastructure growth
Source: Grand Value Research (2023)
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Statistics from the US’s National Renewable Energy Laboratory published in the first quarters of
2022 and 2023 by Brown et al. (2022, 2023), as shown in Figure 3, most freight EV charging stations
are used by light duty vehicles, and most of the freight EVs currently using EV charging stations use
level 2 charging stations, medium charging level, and very few uses fast direct current (DC) charging.
This trend can be driven by the fact that EV charging L2 performed a full charge in a third of the time
of EV charging L1 for more than half of the cost of a full charge than fast DC charging. The few freight
EVs that are using fast DC charging are vehicles that are used for longer distance trips.

6,000

Private Fleet EV

0
LD MD HD LD MD HD D MD HD LD MD HD LI MD HD

(b) QT 12022 (a) QT 2023

Note: LD — light duty, MD — medium duty, HD — heavy duty, L1 — slow charging level 1, L2 — medium
charging level 2, DC — fast direct current charging

Figure 3: Reported freight EV charging stations in QT1 2022 and QT2 2023 (Brown et al. (2022, 2023)

In addition, according to Figure 3, from QT1 2022 to QT1 2023, there was a light increase of about
1% in the total number of freight EV charging ports. However, this number is likely to increase with
future introduction of new taxes and other incentives by the US government with the aim of driving
freight EV sales.

European Union

In a recent article published in News European Parliament (2023), it is confirmed that the EU
parliament successfully negotiated that for electric trucks and buses charging stations have to be
provided every 120 km, these station should be installed on half of main EU roads by 2028 and with
a 1400kW to 2800 kW power output depending on the road, as well as that EU countries have to
ensure that hydrogen refuelling stations along core TEN-T network will be deployed at least every
200 km by 2031. Parliament’s rapporteur on alternative fuels infrastructure Petar Vitanov (S&D, BG)
said: “Using more sustainable, renewable, and efficient energy solutions in the transport sector will
help reduce greenhouse gas emissions and air pollution, improve citizens’ quality of life, and create
new high-quality jobs. The new rules will also help to deploy more charging infrastructure and make
it as easy to use as traditional petrol stations”.

In another press release published by the European Union Commission (2023), the EU Science Hub
confirms that the EU and the US have put in place several technical recommendations for the
upgrade and expansion of charging infrastructure. These recommendations offer guidance to policy
makers and implementing bodies on how best to improve and rapidly rollout smart charging
infrastructure for EVs, and help set harmonised standards and remove trade barriers, while
contributing to the integration of renewables, ensuring stability of power grids and greening the
road transport.

These recommendations from the EU and US Governments include:

e The need for harmonised standards to minimise trade barriers.
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e Manufacturers and suppliers in the EU and the US could benefit from international
standards to cut costs and development times while maintaining their competitiveness
across global markets and fostering innovation.

e Developing consumer- and grid-friendly charging solutions requires further pre-normative
research and common testing methods.

e The need for joint research, development, and demonstration (RD&D) activities to optimise
grid integration, reliability and the energy efficiency of smart chargers.

As stated in the recent report by EU Parliament (2022), there are a series of recommendations put in
place by the EU to ensure the rapid development of EV charging infrastructure for light and heavy-
duty vehicles, as outlines in Table 1.

Table 1: EU Parliament’s recommendation on EV charging stations specific to light- & heavy duty

vehicles

Key theme

Recommendation

Fast charging points for
light-duty vehicles

Enough publicly accessible fast recharging points dedicated to light-duty vehicles should also
be deployed to ensure full cross-border connectivity and allow electric vehicles to circulate
throughout the Union.

For each battery electric light-duty vehicle registered in their territory, a total power output
of at least 1.5 kW is provided through publicly accessible recharging stations if a Member
State’s electric vehicles share of the total projected vehicle fleet for each year is greater than
5% and below 10%.

Fast charging for heavy-
duty vehicles

Electric heavy-duty vehicles need a distinctively different recharging infrastructure than light-|
duty vehicles. Publicly accessible infrastructure for electric heavy-duty vehicles is almost
entirely unavailable in the Union. Heavy-duty vehicles will require a longer development and
deployment time than the infrastructure for light-duty vehicles.

New charging infrastructure standards for heavy-duty vehicles are currently being
developed. It is technically possible to ensure the upgradability of the physical connections
and communication exchange protocols so that individual charging stations and charging
points can be upgraded to a new standard at a later stage.

It is technically possible for light-duty and heavy-duty vehicles to use the same infrastructure
when this has been considered in the design of the maximum power output as well as
other technical solutions.

Energy supply &
demand

In portions of territories of member states where demand of EV charging varies, deploying a
temporary mobile off-grid charging infrastructure could offer added flexibility and facilitate
meeting seasonal demand without requiring the installation of fixed infrastructure.

The use of smart metering systems in combination with smart recharging points can optimise
recharging, with benefits for the electricity system and for the end user.

Smart recharging points, as well as off-grid recharging points, in particular, can facilitate the|
integration of electric vehicles into the electricity system and reduce the impact of electric|
vehicles on the electricity distribution network.

Measures to ensure grid connection and power capacity take into
account the number of charging pools which can be expected in the future following the
increasing fleet penetration of electric vehicles.

Access of electricity
suppliers to charging
stations

The access of Union electricity suppliers to recharging points should be without prejudice to
the derogations under Article 66 of Directive.

Smart charging speed

Smart recharging can be realised at normal charging speeds as well as during fast charging
through response to dynamic price signals or optimisation of power flow.
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United Kingdom

According to UK government (2023), in the UK, as of 1 April 2023, there were 40,150 public electric
vehicle charging devices installed in the UK, fast charging — 56% and rapid charging 19%, the increase
compared to April 20222 was 8%, and compared top April 2015 has been 1,500% (see Figure 4).
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Figure 4: Installed UK public rapid charging or above devices, midnight, 1 of month, since 2015 (UK
Government, 2023)

According to estimates by DfT (2023), in the UK, there will be about 10 million battery EVs on the
road, which will need as a minimum 300,000 public charging points.
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public network.
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Today there are 37 million
conventional petrol and diesel cars
and vans on UK roads.

There are 66,000 spaces
at fuel pumps.

Most people will
charge at home

And there will be around
300,000 public chargepoints
as a minimum
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By 2030, we anticipate there will be
up to 10 million battery electric
vehicles on the road.

Figure 5: DfT vehicle statistics on EVs and charging points
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One key aspect for road freight transport is having easy and convenient access to EV charging points
in motorways, which for the electric cars the UK is leading in Europe, according to Transport &
Environment (2020).
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Figure 6: Number of charging points per country in 2020 (Transport & Environment (2020)

Despite this statistics, RAC’s Head of Roads Policy Nicholas Lyes said: “It’s all well and good having a
zero-emission vehicle mandate for car manufacturers but if public charging isn’t keeping pace with
EV registrations, then drivers will quickly become disillusioned and frustrated. Data already shows a
record number of electric vehicles per public charging point, so we strongly urge the Government to
introduce annual installation targets and do whatever it takes to make it easier for operators to
install new charging hubs”. This tendency is showing the need for UK EV charging infrastructure
developers to put in place much fast charging stations to ensure supply satisfies demand year on
year. As DHL (2022) recommends, to smoothly transition to EVs, governments need to examine the
drawbacks of EVs and design different solutions specific to their country’s needs, including factors
such as the average length of journeys (in both miles and hours), the ratio of chargers to vehicles,
and the availability of expertise in maintaining the vehicles and stations.

DfT (2023) also states that the UK road freight transport are a significant part of our transition to
EVs, including delivery and freight vehicles, buses, emergency service vehicles, service sector
vehicles, car-clubs, and business pool cars; and there are businesses that have a couple of vehicles,
while others have many thousands, and such a variety of EV freight users require a wide range of
charging solutions that will be most appropriate for each fleet, based on their usage patterns,
mileage and how long they are parked in a typical day. Fleet operators and local highways
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authorities need to share information on their prospective fleet needs to inform local planning, as
well local electricity network operators will need to consider future fleet charging requirements as
part of their network planning. The priorities of the UK government in relation to EV charging
infrastructure suitable for road freight transport, as reported by DfT (2023), are:

e Regularly assessing current and future charging needs, identifying potential clusters of needs
(whether depot or home based).

e Sharing information on key charging locations and requirements when requested by local
authorities and electricity network operators as part of strategy development.

e Liaising with electricity network operators and charge-point operators on innovative, smart
systems for scheduled charging that can reduce costs at depots (or other sites with multiple
vehicles).

e Collaborating locally and nationally to improve charge-point utilisation rates and efficiency,
and create “win-wins”, for example, by providing access to other fleets with different usage
patterns or to local residents.

Conclusions

This report aims to inform the main actors within the Colombian road freight transport sector on the
recent developments, advancements and plans published in the industry and academic literature on
EV charging infrastructure. Evidence that features in this report include all aspects of EV charging
infrastructure development, i.e., electricity demand and supply, matching EV demand with the
number of charging stations and carefully geographical planning of the location of EV charging
points. However, there is not evidence that the deployment of EV charging stations is being
developed with the same place of EV sales; hence, public policy makers need to work with all key
stakeholders to ensure that both freight and private EV users can have access to a suitable,
convenient, and reliable EV charging network.

All actors with the Colombian road freight transport sector, including electricity providers, EV
charging infrastructure developers & providers, freight and private EV users and the Colombian
government must work together to draw a RoadMap to ensure the adoption of EVs is not hinder by
insufficient progress on EV charging infrastructure development, one of the crucial elements of the
decarbonisation of the Colombian road freight transport,
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