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Introduction

Battery Electric Vehicles (BEVs) have gained significant traction in recent years, spurred by the need
to transition towards greener mobility solutions (Pagani, 2021) and advancements in vehicular and
battery technologies. Propelled by their potential to curb emissions and mitigate climate change,
BEVs stand as beacons of hope in the pursuit of a cleaner future. Governments, industries, and
consumers alike have embraced BEVs as a sustainable alternative to conventional Hydrocarbon
vehicle (HCV). As the world seeks to reduce carbon emissions and combat climate change, electric
cars and trucks have emerged as pivotal players in the quest for greener and more efficient

transportation systems (Eberle and von Helmolt, 2010; Ouyang and Xu, 2022).

At a time when the transition to BEVs gathers momentum, we must not overlook the intricacies that
could shape the trajectory of this mobility revolution. As BEVs become an increasingly integral part
of our transportation ecosystem, it is essential to uncover the multifaceted effects that lie beyond the
surface of their publicised benefits. While the environmental advantages of BEVs are well-

documented (Buekers et al., 2014; Holland et al., 2016), an all-encompassing understanding of their

impact, both in the realms of urban transportation as well as freight, demands a comprehensive
evaluation. In other words, it is essential to critically examine the possible hidden and unintended
consequences of the widespread adoption of BEVs, particularly those associated with the role of
context-specific and local factors (Buekers et al., 2014; Gan et al., 2021; Holland et al., 2016; Requia et
al., 2018). Such perspective is, in fact, essential to address the shortcomings of BEV technologies

without undermining their well-known sustainability benefits that could support minimising the

negative consequences of transport activity.

By acknowledging the social and economic dimensions that accompany the widespread adoption of
BEVs in both personal mobility and freight transport contexts, this discussion article aims to present
a balanced assessment, covering both the positive and negative aspects of BEV integration. The aim
is to delve into the intricate interactions between BEV adoption and various aspects of transportation
and society, in particular user behaviour. The examination of charging infrastructure, energy
demand patterns, changes in travel behaviour, and implications for urban mobility allows us to
navigate the complexities that arise from this transition. Borrowing from the existing empirical
evidence, the discussion sheds light on these less apparent aspects and seeks to paint a more
balanced and inclusive picture of the true implications of large uptake of BEVs. In doing so, we
investigate potential externalities of BEVs that relate to environment (Hawkins et al., 2012; Holland
et al., 2016), infrastructure (Das et al., 2020), socio-economic (Lee and Brown, 2021; Malmgren, 2016) as
well as safety aspects (Guirong and Henghai, 2012). By delineating the nuanced effects of BEV

adoption, it is our hope that this study serves as a steppingstone towards a more comprehensive and
holistic understanding of BEV deployment, guiding us towards a greener, more inclusive

transportation future.

It is crucial to emphasise that the objective is not to undermine the substantial and well-documented
environmental and societal benefits that BEVs have to offer, rather to shed light on the potential
externalities and unintended consequences that may accompany the widespread adoption of BEVs.

The discussion further highlights why these intricacies need to be brought to the attention of



policymakers and also enter the realm of public information, through public awareness campaigns
and education packages, to help consumers make informed decisions, free of misconceptions, an
essential step for the maximising the potential benefits of BEVs. It is also important to clarify that
this paper does not cover other types of electric vehicles such as Plug-in Hybrid Electric Vehicles
(PHEVs) or Fuel Cell Electric Vehicles (FCEVs). The exclusion of these vehicle types is deliberate, as
they involve different technologies and energy systems that warrant separate consideration and

discussions.

The promising benefits of transportation electrification

The environmental benefits of BEVs are undeniable (Du and Ouyang, 2017; Holland et al., 2016). One
of the most significant advantages of BEVs is their ability to reduce greenhouse gas emissions
(Requia et al., 2018). Unlike HCVs that emit carbon dioxide and other pollutants, BEVs produce zero
tailpipe emissions when powered by electricity from renewable sources, thus contributing to lower
carbon footprints (Li et al., 2022; Xia et al., 2022). The shift towards BEVs helps improve local air
quality and reduce air pollution inequality by reducing emissions of harmful pollutants like nitrogen
oxides (NOx) (Brady and O’Mahony, 2011; Chang et al., 2023; Soret et al., 2014). This has direct health
benefits, particularly in urban areas with high traffic congestion and population density (Li et al.,

2016). BEVs are also generally more energy-efficient (Stevic and Radovanovic, 2012; Wu et al., 2015).

Electric motors convert a higher percentage of energy from the grid to power the wheels, reducing
overall energy consumption compared to HCVs. BEVs also operate more quietly than traditional
vehicles, contributing to reduced noise pollution in urban environments (Campello-Vicente et al.,
2017; Jabben et al., 2012; Qin et al., 2020). Furthermore, the new generation of BEV batteries can act
as energy storage devices, enabling the integration of renewable energy sources like solar and wind

power into the electricity grid. This can enhance grid stability and increase the share of renewables
in the energy mix (Conti et al., 2018; Joseph and Elangovan, 2018; Nishanthy et al., 2022; Nunes et

al., 2016). However, it is crucial to consider the potential drawbacks associated with using BEVs for

grid stabilisation. Frequent charging and discharging can indeed accelerate battery wear, potentially
reducing the battery's overall lifespan and leading to earlier vehicle retirement due to the high cost
of battery replacements. To mitigate such effects, simpler strategies can be implemented. For
example, introducing a managed delay of a few minutes in charging start times can significantly
benefit grid management without the intense cycling of the battery.

Introduction of BEVs into the freight industry can similarly bring forth a broad range of benefits
(Mulholland et al., 2018; Suarez et al., 2019). Road freight sector is one of the largest consumers of

fossil fuels and its decarbonisation can contribute significantly to reduced global emission
(Mulholland et al., 2018). Furthermore, as transport electrification technologies advance, it is

expected that electric trucks have lower operating and maintenance costs compared to their HCV

counterparts due to fewer moving parts and simplified systems (Feng and Figliozzi, 2012). This
could eventually lower the overall supply chain costs (Monios and Bergqvist, 2019). Advanced

features such as regenerative braking that capture energy during braking and convert it back into
electricity, further improve energy efficiency of electric trucks and extending their driving range
(Chandak et al.,, 2017). It also significantly reduces brake wear, thereby lowering particulate

emissions from braking systems. However, it is important to note that the increased weight of BEVs,



due to heavier batteries, might offset some of these benefits by contributing to greater brake wear

under certain conditions.

Electric trucks are particularly well-suited for what is commonly referred to as 'last mile' delivery in

logistics and freight operations. (Iwan et al., 2021; Zhou et al., 2019). This term denotes the final
segment of the delivery process where goods are transported from transportation hubs to their
ultimate destinations in urban areas, typically involving frequent stops. This is distinct from the
concept of 'first-last mile' trips, which generally refers to the use of micromobility solutions for
connecting travellers from their starting points to major transportation hubs, or vice versa. The
ability to deliver goods directly to the end customer efficiently and on time can make electric trucks
a preferred option for e-commerce and retail logistics (Ehrler et al., 2021; Zhou et al., 2019). The

literature has been increasingly emphasising on the growing demand for green and zero emission
last mile delivery by customers and other stakeholders (Comi and Savchenko, 2021; Kiba-Janiak et

al., 2021). Therefore, adopting electric trucks can enhance the public image of freight companies as

environmentally responsible and contribute to corporate social responsibility efforts, demonstrating
a commitment to sustainability and environmental responsibility (Altenburg et al., 2017).

While BEVs offer numerous environmental benefits and energy efficiencies, it is also essential to
recognise and address the hidden adverse effects they may pose. Motivated by demystifying such
implications, the intention of this study is to pave the way for understanding the most sustainable
pathways for production, use and recycling of BEVs to address the global decarbonisation

challenges.

Potential externalities created by widespread adoption of BEVs
Environmental externalities of BEVs

The production of BEVs requires raw materials like lithium, cobalt, and nickel, which are often
extracted through resource-intensive processes. The mining and manufacturing of batteries can

result in harmful environmental impacts and carbon emissions (Agusdinata et al., 2018; Hawkins et
al., 2012; Kaunda, 2020; Notter et al., 2010; Yu et al., 2021). In addition, as the number of BEVs grows,
so does the volume of used BEV batteries that need appropriate disposal and/or recycling (Rajaeifar

et al., 2022). Considering the absence of established reverse supply chains and low recovery rate of

depleted batteries, to address the current demand, it is expected that mining to be the main source
of material supply (Agusdinata and Liu, 2023). As the result, it is expected that around 384 new

mines are needed to address battery demand by 2035'. Additionally, considering the limited lifespan
of BEV batteries, the total ownership cost of BEVs could potentially increase dramatically in the event
of battery replacement during the lifetime of the vehicle (Ouyang et al., 2021). Battery replacement

could even exceed the vehicle value, causing premature end of life (Andwari et al., 2017). Such effects

could lead to undesirable demand for new vehicles. Therefore, ensuring effective recycling practices
and minimising waste is essential to prevent potential environmental harm (Beaudet et al., 2020;
Hua et al., 2021; Prazanova et al., 2022; Skeete et al., 2020; Wang et al., 2020).

While the current recycling capabilities for BEV batteries are still developing, it is reasonable to
anticipate significant advancements in this area. As pressure mounts due to the finite nature of

Thttps://source.benchmarkminerals.com/article/more-than-300-new-mines-required-to-meet-battery-demand-by-2035
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essential minerals like lithium, cobalt, and nickel, the need for robust recycling systems becomes
increasingly critical. These advancements are expected not only to improve the efficiency of resource
use but also to alleviate some of the environmental impacts associated with the extraction of raw
materials. Thus, innovation in recycling technologies and enhancing reverse supply chains will be
vital in sustaining the growth of the BEV industry while minimising its environmental footprint.

Also, the environmental benefits of BEVs largely depend on the sources of electricity used for
charging. If electricity generation relies heavily on fossil fuels, the overall emissions reduction
potential may be compromised (Faria et al., 2013). In 2019, almost two-thirds (63.3%) of global

electricity mix were generated from fossil fuels, and of the 36.7% low-carbon sources, renewables
and nuclear energy accounted for 26.3% and 10.4%, respectively?. In order to fully capitalise on the
environmental benefits of BEVs, energy mix should comprise of larger share of renewables. This
issue exhibits parallels with the increasing concerns around recycling and re-use of solar panels and
wind turbines (Xu et al., 2018).

Another issue that has been less discussed with respect to BEVs is the higher rate of tyre wear as the
result of battery mass and higher torque. According to Hyundai®, BEV tyres wear 20% quicker than
HCV vehicles, attributed to higher acceleration that generate instantaneous power. Car tyres
comprise of a combination of synthetic and natural rubbers. Accordingly, tyre wear releases very
small harmful particles in the micrometre scale which can be classified as microplastics. Such
microplastics released in the environment remain airborne for weeks and eventually washed down
to water resources (Kole et al., 2017). However, within this realm there is also a contrasting and

balancing aspect to consider. A notable advantage of BEVs in heavy goods transportation, which

contrasts with the typical tire wear concerns, is the elimination of gear shifting (Rodrigues, 2018;
Zhao et al., 2019). BEVs, using direct drive systems, do not experience the slight tire slippage

associated with gear changes in conventional vehicles. This slippage, common in heavy goods
vehicles with internal combustion engines, contributes significantly to tire wear. The direct drive
system in BEVs allows for smoother acceleration and deceleration, which can potentially reduce tire

wear over time.

Infrastructure externalities of BEVs

The widespread adoption of BEVs will require significant investment not only in charging
infrastructure but also in the broader electrical grid, including cable networks necessary to support
increased demand. The construction and maintenance of charging stations could impose burdens
on local resources and potentially affect land use and aesthetics (Deveci et al., 2023; Pardo-Bosch et
al., 2021; Wang et al., 2022; Zhang et al., 2021b). Understanding the infrastructure impacts is crucial
for effectively accommodating the growing demand for BEVs, while addressing potential challenges

and opportunities. The transition to a fully electric fleet requires a robust charging infrastructure
(Morrissey et al., 2016). Insufficient charging stations, slow charging times, and grid limitations can

hinder widespread BEV adoption and lead to stranded BEVs. The deployment of public charging
stations at strategic locations, such as shopping centres, workplaces, and along highways, promotes
greater BEV adoption and alleviates range anxiety (Pevec et al., 2020; Xu et al., 2020). Building

charging stations, especially fast-charging stations and kerbside charging (Unterluggauer et al.,

*https://ourworldindata.org/electricity-mix#:~:text=In%202019%2C%20almost%20two0%2Dthirds, been%20pretty %20stagnant%20for%20decades
*https://www.hyundaimotorgroup.com/story/CONT0000000000050465#:~:text=The%20tires %200f%20electric%20vehicles,that%20generate %20strong %20ins
tantaneous%20power.



2022), requires substantial land use planning, impacting available space and urban resources
(Carlton and Sultana, 2022; Orsi, 2021; Zhang et al., 2021b). Ensuring equitable access to charging

infrastructure is another crucial aspect to avoid "charging deserts" and ensuring that underserved
communities can benefit from the BEV transition (Desai et al., 2022).

Furthermore, balancing the grid's load during peak charging periods becomes essential to ensure
stable electricity supply and avoid potential blackouts (Jaiswal and Ballal, 2017; Mahmud et al., 2018;

Ovalle et al., 2016; Singh et al., 2013). Particularly, this issue is more challenging for heavy BEVs as

their battery size is large demanding much more electricity and charging time. For example, Tesla’s
Semi* has a battery capacity of 850 kwh, more than ten times of Model Y. On the other hand, BEVs
have the potential to act as distributed energy storage systems. Smart charging and vehicle-to-grid
(V2G) technology enable bi-directional energy flow, allowing BEVs to supply power back to the grid
during peak demand periods, enhancing grid stability and reducing the need for costly grid
upgrades (Mal et al., 2013; Quinn et al., 2012; Turker and Bacha, 2018).

In addition to the above, the shift of freight transportation from rail to electric trucks, to some extent,
can impact infrastructure development. Increased adoption of electric trucks may require
improvements to road infrastructure and higher cost of maintenance to accommodate their heavier
weights (Kast et al., 2017; Low et al., 2023; Qiu et al., 2022; Timmers and Achten, 2016). Furthermore,
electric trucks would travel to regional and diverse terrains, where the infrastructure is not capable

of accommodating heavier weights and supporting charging (e.g., bridges with limited gross mass
permitted). It is also important to consider the implications of weight constraints imposed by
regulation or existing infrastructure capacities. The inherently heavier weight of BEVs means that,
in regions where vehicle weight is limited by infrastructure capabilities or regulatory measures,
more vehicle movements may be required to transport the same amount of goods. In other words,
BEVs could potentially reach these weight limits with less cargo. This means that to transport the
same amount of goods, more vehicle movements (i.e., trips) might be necessary when using BEVs as
opposed to lighter trucks. This could lead to an increase in traffic, elevated operational costs, and

additional strain on transportation infrastructure.

The transition to electric trucks may also require workforce upskilling and training to handle new
technologies, maintenance procedures, and charging infrastructure management (Kotz et al., 2023).

Finally, As BEV adoption increases and reliance on gasoline decreases, it can lead to a reduction in
fuel and gas tax revenues. These revenues typically support transportation infrastructure, and
policymakers may need to consider alternative funding sources for maintenance and upgrades (Jenn
et al,, 2015; Zhao et al., 2015).

Socio-economic externalities of BEVs

While BEVs often have lower operating costs due to generally cheaper electricity compared to
gasoline, this advantage can vary significantly by region, and the type of charging infrastructure

used. Therefore, while BEVs typically entail higher upfront purchase costs, their operating costs can

vary and are influenced by local energy prices and charging infrastructure (Breetz and Salon, 2018;
Chen et al., 2020; Dong et al., 2020; Lu et al., 2022; Ouyang et al., 2020). This can affect consumer

+ https://www .forbes.com/sites/alistaircharlton/2023/04/06/tesla-master-plan-part-three-reveals-two-semi-battery-sizes-hints-at-three-new-
vehicles/?sh=3fefe539607d



purchasing decisions, and governments may need to consider various incentives and policies to
stimulate adoption. Additionally, BEVs disrupt the traditional automotive supply chain, affecting
the associated jobs and requiring major changes in manufacturing practices, maintenance and other
services (Borgstedt et al., 2017; Giinther et al., 2015).

The widespread adoption of BEVs can potentially exacerbate social inequities if it leads to the neglect
of public transportation and affects low-income communities, disproportionately. Limited access to
BEV charging infrastructure in certain areas could create transportation disparities (Carlton and
Sultana, 2023; Caulfield et al., 2022; Guo and Kontou, 2021; Sovacool et al., 2019; Wells, 2012).

Another noteworthy consideration is the phenomenon known as the "rebound effect" or "Jevons
Paradox" (Alcott, 2005; York and McGee, 2016), as a potential hidden effect associated with

widespread BEV adoption (or any other energy-efficient technologies). The rebound effect refers to

the situation where an increase in energy efficiency leads to an increase in overall energy
consumption, offsetting some of the anticipated environmental benefits. When the efficiency of a
technology or system improves, leading to reduced energy consumption per unit of output or
activity, the overall energy savings are partially offset by an increase in the volume of that activity,

leading to less than expected net energy savings (Freire-Gonzalez and Puig-Ventosa, 2015;

Giampietro and Mayumi, 2018). In the context of BEVs, the rebound effect manifests when

consumers, once they switch to a BEV, may engage in additional trips or travel longer distances than
they would have with a conventional HCV. This increase in travel could be due to several factors.
BEVs typically have lower operating costs compared to gasoline vehicles. Lower fuel costs might
encourage BEV owners to take more trips or drive longer distances. Owning an BEV may lead some
individuals to feel they are making a positive contribution to the environment. As a result, they
might feel less guilty or more justified in taking additional trips, assuming their overall impact is
lower due to the vehicle's reduced emissions. As BEV charging infrastructure improves and BEVs

offer longer ranges, the fear of running out of charge (range anxiety) diminishes (Ouyang et al., 2021;

Palmer et al., 2018; Pevec et al., 2020). This could lead to more frequent and longer trips.

In addition to the above, as more people adopt BEVs and as they become more cost competitive, the
visibility, social acceptance and affordability of BEVs may increase, potentially influencing others to
purchase BEVs and thereby contributing to increased car ownership and overall travel (Yang et al.,
2017). While BEVs can help reduce local emissions, they do not eliminate traffic congestion. In fact,
if BEV adoption leads to an overall increase in vehicle usage or induces more vehicle miles travelled,
it could exacerbate traffic congestion in urban areas. Increased congestion can have economic and
social implications, affecting productivity, air quality, and quality of life. It should be noted that,
while the rebound effect is a valid concern, its extent can vary based on individual behaviours,
regional differences, and government policies (Freeman et al., 2016; Freire-Gonzadlez, 2021; Hamant,
2020; Lange et al., 2021; Polimeni and Polimeni, 2006; Siami and Winter, 2021; Sorrell, 2009).

From a supply chain point of view, battery production, especially in the context of BEVs, could
impose several social and environmental risks across various stages of the value chain. Minerals
such as cobalt and lithium for battery production are often extracted from mines in developing

countries with loose labour and environmental legislation (Babbitt, 2020; Jones et al., 2023). As such,




this could lead to exploitative labour practices, unsafe working conditions, and child labour. It is
important to note that mining companies rely on a range of third-party contractors to extract, process
and transport minerals. Oftentimes, the absence of a mandatory chain of responsibility results in
sub-optimal supply chain reporting and transparency, which remains a major challenge. (Jones et
al., 2023).

Safety externalities of BEVs

BEVs generally have a strong safety record, but like any other form of transportation, they come
with specific safety considerations. Some of the major safety concerns associated with BEVs include:
The lithium-ion batteries used in BEVs store a large amount of energy, and while incidents are rare,
there have been instances of battery fires or thermal runaway (Aalund et al., 2021; Huang et al., 2021;

Pistoia and Liaw, 2018; Rezvanizaniani et al., 2014; Zhang et al., 2018). Proper battery management
systems and safety protocols are crucial to minimise these risks (Christensen et al., 2021). This is

particularly more important when operating in harsher climate conditions where higher
temperature could be a confounding factor. Furthermore, emergency responders need specific
training to handle BEV accidents safely due to the presence of high-voltage electrical systems and
potentially hazardous battery packs (Bisschop et al., 2020; Grant and Quincy, 2014; Liu et al., 2023;
Park, 2013). Moreover, proper knowledge and protocols are necessary to ensure the safety of both

first responders and victims in cases of BEV crashes (Petit Boulanger et al., 2015; W&hrl et al., 2021;

Zhang et al., 2022). Safety hazards related to BEV charging can also arise if charging equipment is

not properly installed or maintained (Gao et al., 2016; Jiang et al., 2012; Wang et al., 2019). Electric
shock, fire hazards, or short circuits or even cyberattacks can occur if charging stations are not up to
safety standards (Bhusal et al., 2021; Garofalaki et al., 2022; Gottumukkala et al., 2019; Metere et al.,
2021; Pourmirza and Walker, 2021). Safe recycling and disposal of BEV batteries are also essential to

prevent environmental hazards and ensure the responsible handling of potentially hazardous
materials (Harper et al., 2019). Finally, BEVs are quieter at low speeds compared to traditional

vehicles, making them less noticeable to pedestrians (Cocron and Krems, 2013; Konet et al., 2011;
Wogalter et al., 2001). This "silent car" can pose a safety risk for pedestrians, especially in urban areas

or parking lots. Pedestrians may have difficulty hearing an approaching BEV, which could lead to
an increased risk of accidents if proper precautions are not taken.

The role of public awareness and educational campaigns

The behaviour and patterns of use on the part of current and future users and consumers can
significantly impact the materialisation of BEV benefits. A shift towards BEV adoption alone may
not fully realise the potential benefits if consumers do not embrace certain practices and habits that
optimise their usage. An informed consumer is also better equipped to assess the suitability of a BEV
for their lifestyle, driving habits, and budget. Addressing common misconceptions and myths about
BEVs can dispel doubts and encourage more consumers to consider BEVs, systematically.
Consumers who understand the environmental benefits of BEVs are more likely to make sustainable
choices and actively contribute to reducing their carbon footprint. A well-informed consumer base
can drive increased demand for BEVs, prompting automakers to invest in further research and

development, leading to improved BEV offerings. Educating the public about BEVs fosters



acceptance and support for sustainable transportation initiatives, garnering more significant public
and political backing. Furthermore, an informed consumer base will enforce automakers to be
actively involved in circular economy activities, such as development of technologies and processes

for recycling and re-use of batteries.

Providing consumers with a BEV education package is, therefore, essential to ensure they can make
informed decisions about purchase and use. Such a package would serve to raise awareness, offer
comprehensive information, and address common misconceptions and concerns related to BEV
adoption (Bailey et al., 2015; Ebron, 2012; Jin and Slowik, 2017). The goal would be to empower

consumers with the knowledge needed to evaluate the benefits and challenges of owning a BEV and

to make choices that align their individual needs with societal and environmental goals (Krause et
al., 2013; Okada et al., 2019; Zhang et al., 2011). The package should highlight the environmental

advantages of BEVs, such as reduced greenhouse gas emissions and improved air quality. It can

include data on the lifecycle emissions of BEVs compared to traditional gasoline vehicles,
emphasising the positive impact on combating climate change. One of the significant attractions of
BEVs is their lower operating costs (Pal et al., 2017). The education package should provide a detailed
breakdown of the cost savings associated with BEV ownership, including electricity versus gasoline

prices, maintenance costs, and potential incentives or tax credits for BEV buyers, if any. Addressing

concerns about charging infrastructure would also be crucial (Chhikara et al., 2021). The package
should not only inform consumers about the availability and accessibility of charging stations in
their area and highlight advancements in fast-charging technology to reduce charging times but also
address the common concern of charging anxiety (Bailey et al., 2015; Mashhoodi and van der Blij,
2021; Zhang et al., 2021a). Charging anxiety (Alsabbagh and Ma, 2019), akin to the well-known range

anxiety (Noel et al., 2019), refers to the stress or worry experienced by BEV users regarding the

availability of charging infrastructure and the time required to recharge their vehicles. This anxiety
can be a significant barrier to BEV adoption, as potential users may worry about the feasibility of
long trips or the inconvenience of daily recharges. To mitigate these concerns, the education package
could include detailed information about the current state and future plans for charging
infrastructure expansion, especially in underserved regions. It should also offer practical guidance
on managing travel and charging schedules to minimise inconvenience. Furthermore, showcasing
real-world testimonials and case studies where individuals successfully integrate BEV charging into

their routines can help demystify the process and alleviate fears.

Some consumers may have concerns about the driving range and performance of BEVs. The
education package can explain the range capabilities of various BEV models and how factors like

driving habits and weather conditions can affect range (Pevec et al., 2020; Rauh et al., 2015). To

alleviate concerns about battery life and waste, the package should provide information on the
advancements in battery technology, warranties, and recycling programs for used batteries.
Objective comparisons between BEVs and HCVs can help consumers understand the pros and cons
of each option and make a more informed choice based on their specific needs. Educating BEV
owners about proper maintenance, battery care, and recycling practices can prolong the lifespan of
BEVs and ensure the responsible disposal of battery waste. Furthermore, educating consumers about

charging etiquette, such as being mindful of public charging station usage and the benefits of off-



peak charging, can promote responsible BEV ownership (Asensio et al., 2022; Caperello et al., 2013;

Helmus and Wolbertus, 2023). The package should inform consumers about government incentives,

rebates, and policies that encourage BEV adoption, along with any upcoming regulations that may
impact the BEV market (Bjerkan et al., 2016; Hardman et al., 2017; Jenn et al., 2018). Highlighting the
community and social benefits of BEV adoption, such as reduced noise pollution and improved

public health, can further motivate consumers to choose BEVs.

Collaborative efforts from governments, automakers, NGOs, and other stakeholders are crucial to
developing and disseminating these educational resources effectively. However, it is crucial to
ensure that educational programs provide a balanced view by neither overstating the benefits of
BEVs nor understating their potential hidden effects. A balanced approach empowers individuals to
make informed decisions. When educational programs present both the benefits and challenges of
BEV adoption, consumers can weigh the pros and cons based on their unique circumstances and
needs. Balanced education encourages responsible consumer behaviour. Consumers are more likely
to embrace BEVs responsibly when they are aware of factors like charging infrastructure, range
limitations, and battery disposal, making them better equipped to utilise the technology effectively.
Providing a comprehensive view also aids policymakers and regulators in making well-informed
decisions. Policymakers can develop effective regulations and incentives by understanding the
potential impacts and externalities associated with BEV adoption. Greenwashing (i.e., the practice
of exaggerating or misrepresenting environmental benefits), can erode public trust. A balanced
approach helps avoid greenwashing and ensures that consumers have a clear understanding of the

real impact of BEVs. Educational packages can be seamlessly integrated into broader climate and

sustainability campaigns to maximise their impact (Raducu et al., 2020).

Summary and conclusions

As the world shifts gears to embrace cleaner and greener mobility solutions, BEVs have emerged as
a promising alternative to traditional HCVs and a path to a more sustainable future. Undoubtedly,
the adoption of BEVs has garnered well-deserved acclaim for its positive impact on the environment
and public health, but beneath also lies a realm of intricacies yet to be fully explored. In this short
discussion article, we shed a spotlight on the less-visible facets of BEV adoption. While the
environmental benefits are undeniable, it is essential to navigate the labyrinth of potential challenges
and consider the holistic consequences of this paradigm shift. Our intention was not to undermine
the immense potentials of BEVs, but rather to navigate the less explored territories with respect to
the widespread adoption of BEVs. In doing so, we highlighted potential externalities in four major

categories including environment and infrastructure as well as socio-economic and safety characteristics.

Figure 1 presents a summary of these effects. By recognising the hidden effects of BEVs, we can help
pave the way for a sustainable transportation landscape that not only reduces emissions but also
addresses social equity, infrastructure needs, and long-term viability. It should also be noted that,
due to the multifaceted nature of the topic under investigation, the current paper only focuses on
battery electric vehicles, not hydrogen fuel-cell vehicles. The latter requires a dedicated discussion,
particularly given the current level of technology maturity further complexities in the hydrogen

production value chain.
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To harness the environmental benefits of BEVs and address potential negative impacts, governments
and energy providers can accelerate the transition to renewable energy sources to power BEVs,
ensuring a cleaner energy supply for charging. An essential component of the whole of life analysis
of BEVs is the manufacturing process of BEV batteries, which is notably emission-intensive. As
highlighted in studies such as Philippot et al. (2019), the production of lithium-ion batteries, which

are central to the operation of BEVs, involves substantial energy consumption and the emission of
significant amounts of greenhouse gases. This process includes the extraction and processing of raw
materials such as lithium, cobalt, and nickel, which not only require high energy inputs but also
generate considerable environmental pollution. To address these concerns, it is imperative to
consider advancements in battery technology that focus on improving energy efficiency and
reducing the carbon footprint of production processes. Additionally, enhancing the recycling
capabilities and extending the life cycle of batteries can mitigate the environmental impact
associated with their initial production. Investing in research and infrastructure for battery recycling
and reuse can minimise waste and resource depletion, creating a more sustainable circular economy.
Advancements in battery technology and the use of sustainable materials can reduce the
environmental footprint of BEV production. Implementing smart charging solutions and grid
integration can optimise energy use and mitigate grid stress during peak charging periods.
Furthermore, conducting comprehensive life cycle assessments is essential to understand the net
environmental impacts of BEVs, considering their entire life cycle, from raw material extraction to
manufacturing, use, and disposal. Currently, more than 70 jurisdictions around the globe, including
the biggest polluters such as China, the United States, and the European Union, have set a net-zero
target, aiming to reduce GHG emissions to as close to zero by 2050. For the transport sector, these
targets are specifically designed to minimise tailpipe emissions as the result of fossil fuel
combustion. BEVs and plug-in hybrid electric vehicles (PHEVs) running on electricity produce zero
direct tailpipe emissions. However, this does not eliminate the wider environmental impacts of the
full life cycle of a vehicle, from raw materials extraction, manufacturing, use, and disposal or
recycling. While many of these processes and materials are commonly shared among different
vehicle types (HCV, BEV and PHEV), some are unique to each type. For example, while HCV
vehicles produce tailpipe emissions, their production does not require significant amount of rare
minerals, as needed in BEV’s battery. The global momentum to combat climate change and preserve
a liveable planet for the next generations is a unique opportunity that should not only focus on
minimising tailpipe emissions. Therefore, our efforts to minimise the environmental impacts of
transport activity should not solely be focused on eliminating tailpipe emission, rather it should
expand across the end-to-end life cycle of vehicles. For the reasons discussed above, there is a
necessity to shift our strategies from meeting ‘decarbonisation” goals to a wider view of

‘planetisation” that is about improving the overall sustainability of human footprint on the planet.
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Figure 1 Potential externalities of BEVs

With respect to infrastructure, governments can offer incentives or subsidies to encourage private
and public entities to invest in charging infrastructure, particularly the vehicle-to-grid technology.
Collaboration between governments and private companies can facilitate the deployment of
charging infrastructure, leveraging expertise and resources. Strategic location planning for charging
infrastructure should prioritise areas with high BEV demand and consider equitable distribution.
Governments and stakeholders should develop long-term infrastructure plans that anticipate BEV

adoption rates and proactively address infrastructure needs.

With respect to socio-economic impacts, the rebound effect (Freire-Gonzalez, 2021; Lange et al., 2021)
is a real concern that can partially offset the anticipated energy and environmental benefits of BEVs.
One significant concern is the potential increase in travel demand as BEVs become more accessible
and cost-effective. This phenomenon, often referred to as the 'rebound effect,' suggests that
improvements in vehicle efficiency and lower operating costs could lead to increased vehicle usage,
potentially negating some of the environmental benefits. For example, the convenience and reduced
cost of driving an BEV might encourage longer commutes and increase the total number of vehicles
on the road, exacerbating traffic congestion and urban sprawl. Such patterns could diminish the
expected reductions in greenhouse gas emissions and might shift rather than eliminate the
environmental burdens associated with transportation. Furthermore, as BEVs become more
integrated into the mainstream, there is a risk that the focus on electrification could overshadow the
need to invest in and promote more sustainable forms of transportation, such as public transit,
cycling, and walking. Prioritizing BEVs without a concurrent emphasis on these alternatives could
lead to a less diverse transportation system that still relies heavily on single-occupancy vehicles,
regardless of their power source. By adopting a comprehensive approach that addresses not only
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the supply side but also the demand side (i.e., consumer behaviour and travel patterns), we can work
towards effectively harnessing the potentials of BEVs in combatting climate change. For example,
integrated and holistic transportation planning can promote electric mobility in tandem with public
transit and active transportation options, reducing overall travel demand and congestion. Focus on
promoting sustainable transportation options like public transit, biking, and walking to reduce the
overall demand for individual car trips will, in fact, be essential steps that need to be taken
concurrently with the deployment of BEVs. Another measure could be implementing dynamic
pricing mechanisms for electricity and road usage that discourage excessive driving and incentivise
off-peak charging for BEVs. But most importantly, we can educate consumers and raise awareness
about the rebound effect and encourage responsible use of BEVs, emphasising the importance of

reducing overall travel to maximise environmental gains.

It is also important to note that automakers and regulatory agencies must continuously work to
improve BEV safety standards. As the technology evolves and becomes more widespread,
addressing safety-related externalities remains a priority to build public confidence and promote the
adoption of BEVs. These externalities include the broader safety impacts that arise from the
widespread adoption and use of BEVs, beyond the direct safety effects on individual drivers and
passengers. Advancements in battery technology, safety features, and regulations contribute to
enhancing the overall safety of BEVs. Consumers can further ensure their safety by following

recommended guidelines for charging, maintenance, and driving practices.

In conclusion, the importance of public awareness campaigns and educational programs in
promoting the responsible adoption of BEVs cannot be overstated. It will be critical to raise
awareness among BEV users and the general public about the potential externalities and encourage
responsible BEV adoption and usage. By providing balanced and accurate information to the public,
we can empower individuals to make informed decisions about BEV adoption. Public awareness
campaigns can also play a pivotal role in dispelling myths, addressing misconceptions, and fostering
a positive attitude towards BEVs. Moreover, education initiatives can raise awareness about the
existing charging infrastructure, available incentives, and the long-term cost savings associated with
BEV ownership. By leveraging a combination of various of delivery modes and strategies, public
awareness about BEVs can be widely disseminated, making it common knowledge among the
public. Enhanced awareness will lead to informed choices and will help create collective
commitment towards sustainable mobility at a societal level (i.e., a culture of sustainability), as an

important milestone in unlocking the full potential of BEVs.
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