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Abstract: The article concerns the analysis of trends and policies supporting the development of zero-emission mobility,
in accordance with the assumptions of the European Green Deal. The aim of the study is to identify and assess the essential
factors determining the level of sustainability of the electromobility system in relation to individual car transportin the European
Union. he article reviews strategies for the development of climate-neutral mobility as outlined in strategic documents, the
European Green Deal and the “Fit for 55” package. The current state of development of the electric vehicle market and charging
infrastructure is shown, which implies a number of challenges in the pursuit of emission-free mobility. A review of the literature
on the subject and the results of the expert analysis confirmed the importance of national and regional policies in the uptake of
electric vehicles. Taking active measures to increase the level of sustainability of the electromobility system should first focus on
the further development of charging infrastructure, the creation of an EV battery value chain and the uptake of cars. The main
expectations for the development of electromobility are to reduce CO, emissions, reduce dependence on the supply of fossil
fuels, increase the competitiveness and innovation of the economy, and reduce the social costs generated by transportation.
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Introduction

In the ongoing discussion regarding the zero-carbon
economy model, the development of a competitive
and emission-free mobility system is presented as
a prerequisite for achieving climate neutrality (Ueda
et al., 2010; Philip, Taylor, 2017; Kumar, Kumar, 2020).
Passenger and cargo transportation accounts for a
of the European Union’s (EU) CO, emissions and is
asignificant source of urban air pollution. At the same
time, taking into account that among global economic
sectors, transport is responsible for the largest increase
in CO, emissions (Global Energy..,, 2022), the implemen-
tation of low- and zero-emission mobility systems is
a prerequisite for achieving the goals of the Paris Agree-
ment (Du et al., 2018). The process of transitioning to
climate-neutral mobility has already begun but its pace
must accelerate. Future efforts should focus on further
improvements in system efficiency, development of
low-carbon alternative fuels and energy sources for
all modes of transport, dissemination of low- and
zero-emission vehicles, including those powered by
batteries and fuel cells, and implementation of ap-
propriate infrastructure. Successful implementation
of these measures requires a systemic approach to the
development of zero-emission mobility (Gallo, Marinelli,
2020; Jagietto, 2021). At the core of the transformation
isinvestmentin new technologies and digital solutions
and mobility patterns that will foster new business
models. However, the development and diffusion of
innovations often faces market, organizational and
institutional failures, pointing to the need for policy
interventions (Weber, Rohracher, 2012; Liao et al., 2017).

Mobility in EU Member States, heavily influenced by
global development trends, shows a strong preference
for individual motorization. These trends determine
the increase in demand for petroleum-based fuels,
resulting in increasingly high levels of CO, emissions
generated by passenger cars. The lack of a currently
viable option for replacing these fuels, does not sup-
port the development of sustainable mobility. A factor
supporting this possibility, especially in the medium
term, may become the use of electricity in motor
transport, including mainly from renewable energy
sources (RES) (Renewable energy..., 2018).

Electric vehicle technology' has the potential to
make a significant contribution to addressing the

' Electric vehicles include electric vehicles (EVs) and fuel
cell electric vehicles (FCEVs). Both types are driven by
an electric motor, but each requires different infrastruc-
ture (W kierunku..., 2020). The analyzes presented in the
article concern electric cars, which include fully electric
battery cars (BEVs) and plug-in hybrids (PHEVs), both of
which require charging infrastructure, for which they
connect to the electricity grid.
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numerous challenges facing the EU, such as global
warming and dependence on fossil fuels (IPCC, 2022).
The European Green Deal strategy (2019) includes
ambitious expectations for Electric Vehicle (EV) uptake
and charging infrastructure deployment. It assumes
that some one million public charging points will
be needed by 2025 for the 13 million low- and zero-
emission vehicles expected on EU roads. The market
for EVs, mainly passenger cars, has grown steadily
over the past few years. However, this development in
the EU has been concentrated in only a few European
markets. Member states and local governments will
therefore have to make great efforts to accelerate the
transition to electromobility. This means developing
and implementing effective policy implementation
instruments at the national and local levels to increase
the popularity of EVs and develop the necessary public
charging infrastructure.

The purpose of the study, the results of which are
presented in this article, is to identify and assess the
essential factors determining the level of sustainable
development of electromobility in relation to individual
car transportin the EU. The specific tasks concern the
analysis of: the EU strategic documents in relation to
electromobility, the development of the EV market, the
implementation of EV charging infrastructure, national
policies on the electrification of passenger cars. The
focus of the research on the search for links between
the concept of sustainable mobility development
and the development of electromobility determined
the main research hypothesis (H,), which is: in view
of the high importance of individual car transport in
EU Member States and the increase in CO, emissions
generated, the development of the EV market and
the corresponding charging infrastructure has great
potential, in the medium term, for shaping sustain-
able, innovative and resilient mobility. According to
the supporting hypotheses:

— theassumptions of the EU policy create a strategic
framework conducive to (directly and indirectly)
increasing the added value in the electromobility
supply chain in relation to EV cars (H,)),

— national policies of the EU Member States regarding
the promotion of electromobility have a positive
impact on purchasing preferences for EV cars (H,,).
The structure of this article is organized as follows.

After the Introduction section, a review of existing,

selected research results is presented (Literature review

section) and the methodological approach (Research
materials and methods section). The Results section
contains the conceptual assumptions of the sustainable
electromobility model in the field of passenger cars,
an overview of strategic directions of action result-
ing from the assumptions of the transport, climate
and sustainable development policies. In addition,
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research findings on EV market development and
charging infrastructure and national policies to sup-
port this development are presented. The Discussion
section presents the conclusions of the analysis and the
study’s contribution to the literature. The Conclusion
section includes recommendations and suggestions
for potential directions for further research, as well
as the mostimportant limitations with respect to the
ongoing study.

1. Literature review

The increasing pressure of transportation, especially
motorized transport, on the environment and on
people’s health and lives has resulted in a change in
the approach to policy-making for mobility develop-
ment. It mainly concerned the discussion of the proper
understanding of its development taking into account
the principles of the idea of sustainable development
and the appropriate ways of implementation in the
form of implemented strategies and policies and im-
plemented research (Magalhaes, Santos, 2022; Silvestri
etal, 2021; Ren etal., 2020). The 1992 Green Paper and
1992 White Paper set out the first assumptions of the
concept of sustainable mobility and proposed meas-
ures for sustainable movement (Mezyk, Zamkowska,
2017). The term “sustainable mobility” is derived from
the concept of “sustainable development”. Thus,
mobility is supposed to meet the needs of society
in economic, social and environmental dimensions,
while minimizing their undesirable impact on each of
these dimensions (Gallo, Marinelli, 2020). In subsequent
transportation strategies and policies, the pursuit of
sustainable mobility has set priority courses of action,
at the European and national levels, as well as at the
local level. Their goal, from the point of view of the
transport system as a whole, was to improve the ef-
ficiency of the use of limited environmental resources,
which are necessary to achieve other goals that co-
determine the level of social well-being (de Souza
et al., 2019). Recognition of contemporary problems
of mobility functioning triggered the need for mul-
tifaceted analysis and interdisciplinary studies in an
effort to develop a new quality of sustainable mobility
(Zatoga, 2013; Wojewddzka-Kroél, Zatoga (eds.), 2016).

The review of the literature on the subject shows
that the understanding and interpretation of the
concept of sustainable mobility has changed over
the decades (Holden et al., 2019). The changes con-
cerned research goals and questions, methodological
aspects and dimensions of sustainable mobility, as
well as scientific disciplines dealing with the subject
of sustainable mobility. Decisive changes regarding
sustainable mobility have also taken place in terms of
research priorities. They concern e.g. development of

alternative fuels for transport and low-emission mo-
bility (Ajanovic, Haas, 2017), shaping electromobility
(Zhao etal., 2020) and autonomous mobility (Mantouka
etal., 2022), changing social behavior towards green
mobility (Zuo et al., 2021) and issues related to shared
mobility (Mouratidis, 2022).

The symbiosis between research and policy has
fostered the development of mobility on the one
hand, and highlighted the problems of implementing
sustainable development principles on the other. The
2011 White Paper confirmed that the transportation
system is unsustainable, but restricting mobility is
not the solution (White Paper, 2011). Recognizing the
need to develop sustainable mobility, the European
Commission (EC) stressed that it will not happen
without decisive action to decarbonize transportation,
aiming to limit temperature increases to a maximum
of 2°C and slow climate change. Striving to shape
low- and zero-emission mobility systems has become
one of the priorities of transport policy in the 2050
horizon, given the impact of mobility and transporta-
tion on the achievement of sustainable development
goals.

The increase in the mobility of society and the ac-
companying development of individual motorization
have led to the strengthening of the dominant position
of passenger cars in transportation. In 2019, their share
in the branch structure of land passenger transport was
about 78.1%, while bus and coach transport accounted
for 8.7%, rail transport services 8.9%, two-wheelers
2.4%, and streetcars and subways 1.8% (The first ...,
2020). In 2019, passenger cars were the main source
of pollution, accounting for about 61% of the EU’s
total vehicular CO, emissions. At the same time, they
reported the highest demand for petroleum-based
raw materials, which supplied about 93% of transport
energy needs (Eurostat. Final energy..., 2022).

With an average of 1.6 passengers per passenger
car in Europe, public transportation is now a more
environmentally friendly land transport alternative
compared to individual motorization. However, despite
intensified efforts to popularize passenger transpor-
tation by public transport, the share of public trans-
port in land passenger traffic as a whole continues
to decline in many EU Member States. In 2019, its
average EU share was 20%. For the development of
climate-neutral mobility, it will therefore be important
to rapidly deploy low- and zero-emission passenger
cars, The transition to climate-neutral mobility must
parallel the dissemination of low- and zero-emission
solutions for other branches and means of transport.

In the process of shaping the concept of low- and
zero-emission mobility, the electrification of automo-
bile transport has been a subject of particular interest
in the last decade in EU transport policy and research
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work?. Taking into account economic and political
conditions, as well as the level of technological de-
velopment and changing expectations of society, EV
cars show potential for development in the years to
come (Weber, 2022; Chinoracky et al., 2022).

The introduction of electricity into the motor vehicle
fuel market significantly changes the organization of
transportation processes and makes the relationships
governing the operation of motor transportation and
the reactions between this operation and the environ-
ment more diverse and complex.

The multidimensionality of the development of the
electromobility system was pointed out in their study
by R. Chinoracky et al. (2022), treating the system as
a “complex construct” whose meaning is interpreted
by researchers in many ways. D. Kolzand M. Schwartz
(2017) in their study identified key areas influencing
the development of electromobility, both globally
and locally. They identified a total of 55 impact fac-
tors, including 29 that have a global dimension and
26 that have a local impact. They stressed that due to
the small scale to date and the relatively short period
of use of electric propulsion in cars, it is difficult to
clearly assess the directions and magnitudes of their
impact on the development of a sustainable and
innovative mobility system. However, they can be
identified, described and analyzed.

According to E. Soltés et al. (2021), it is currently
impossible to demonstrate the impact of electromobil-
ity development on CO, reduction on an individual EU
member state level. Instead, it can be assumed that
as the share of EVs in the total number of cars on the
road increases, there will be a decrease in mobility
emissions (Rabiega et al., 2021). M. Wotek et al. (2021)
prove in their research that in order to reduce CO,
emissions generated by EVs, it is necessary to change
the structure of electricity generation, in the direction
of increasing the share of less carbon-intensive raw
materials (RES, nuclear energy). According to a study
by E. Helmers et al. (2020), shows that increasing the
share of RES energy for the production of lithium-
ion batteries has a positive effect on reducing CO,
emissions during the production cycle. When wind
energy is used, the carbon footprint of battery pro-
duction is negligible, amounting to about 0.4% of the
total emissions dominated by the supply of mineral
battery components. The degree of CO, emission
reduction also depends on the size and weight of the
car, which is particularly important for BEVs (Battery
Electric Vehicle), due to the high demand for energy

2 The word “electromobility” appeared in more than 1,700
publications indexed in Science Direct, in the period
2012-2022, while the issue of low-carbon mobility was
analyzed in nearly 800 scientific papers.
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raw materials to manufacture not only the battery, but
also the electric motor (Electric Vehicle..., 2020). Ac-
cording to a study by the Swedish Energy Agency, the
life-cycle assessment of a BEV is more favorable after
30,000 km (small vehicle) to 100,000 km (large vehicle)
than that of an Internal Combustion Engine Vehicle
(ICEV) of the same size (van Loon et al., 2019). At the
same time, a clear disadvantage of BEVs remains their
limited range and incomplete charging infrastructure.
Also ecologically critical is the need for scarce mineral
resources (e.g., lithium) for battery production (Romare,
Dahllof, 2017). The impact of electromobility will also
be important for supply chain architecture. They will
cause key, changes among suppliers of new technolo-
gies and materials (Electro-Mobility..., 2018). J. Barrett
and J. Bivens (2021), in their study, also highlight the
economic impact, related to job losses, mainly due
to simpler powertrain design.

2. Research material and methods

Selected research methods and techniques were
used to verify the main hypothesis and auxiliary hy-
potheses. Descriptive analysis was used to define the
subject of the study and identify within it the basic
relationships. With the help of causal analysis, the
relationships occurring between general develop-
ment trends concerning individual motorization, the
EV market, charging infrastructure, EU policies and
strategies, and national policies for electromobility
development were defined.

To systematize the existing body of scientific work
and the state of knowledge on the essence and mo-
tives for the development of sustainable mobility and
electromobility in the context of individual motoriza-
tion, the method of literature analysis and criticism
proved useful. The review of the literature on the
subject was carried out according to the classical ap-
proach, i.e.: selection of sources, search by keywords,
review and selection of articles, in-depth analysis of
selected publications in relation to the subject of the
study, taking into account, among other things, the
latest publications and the number of citations. The
analyzed scientific articles are indexed in databases:
Scopus, Science Direct, MDPI and Google Scholar.
The compact scientific publications, scientific ex-
pert reports and statistical data used in the study
were published by recognized publishing houses
and foreign and domestic institutions. The literature
review identified a general knowledge gap in the
integrated approach to decision support objectives
for sustainable electromobility development. Using
logical analysis and construction, as well as qualitative
analysis, a conceptual framework for a model for sus-
tainable development of electromobility in individual
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automobile transportation was developed, from the
perspective of the system value chain and general Life
Cycle Assessment (LCA) assumptions. Its application
requires consideration of many variables, given the
complexity of electromobility system development.
It is expected that it can contribute to refining algo-
rithmic approaches to improve decision support tools
for sustainable electromobility development.

Using the general assumptions of the qualitative
model, an assessment was made of strategic docu-
ments and national policies in the context of electro-
mobility development in relation to passenger cars
and charging infrastructure.

3. Result

3.1. Conceptual framework for sustainable
development of electromobility

Electric vehicle technology is now considered a future-
proof alternative to internal combustion engines.
Powered by renewable energy, EV vehicles have a
low environmental impact during their use. From the
point of view of the greenhouse effect, this is key to
meeting the European Green Deal goals of achieving
zero net emissions by 2050. In addition, they have very
low levels of noise and air pollution (Jochem et al,,
2018; Kester et al., 2018). As mobile energy storages,
they have great potential to increase power system
(SEE) resilience and mobility to disruptions and cre-
ate value-added services (Vilathgamuwa et al., 2022;
Coban et al., 2022).

The potential benefits of this propulsion system
have contributed to efforts to electrify EU automobile
transport. The electromobility development strate-
gies and programs adopted by the EU and national
governments were intended to accelerate the process
of shaping sustainable mobility. Its development
should support the realization of the principles of
sustainable development, assuming the conduct of
all activities so as to reduce CO, emissions. Today,
this goal has become even more relevant, and one of
the important tools for its realization is to accelerate
the development of emission-neutral (“clean”) and
intelligent mobility (Sustainable and Smart..., 2020).

A number of conceptual and strategic documents
have been published that indicate the desired direc-
tions for the electrification of automobile transpor-
tation. Unfortunately, these concepts, all too often,
are narrowed and shallowed, identified with envi-
ronmentally sustainable development, whose goal
is primarily to reduce CO, emissions. This is a natural-
centric interpretation that treats electromobility as
a concept for greening the economy. Meanwhile, J.
V. R. de Souza et al. (2019) point to a much broader

understanding of the concept of electromobility. It
represents a new ecosystem of shared value crea-
tion, the result of interactions taking place between
the transportation sector, the automotive industry,
the electric power sector, the petrochemical and
chemical industries. The result of this cooperation is the
pursuit of:

e improving the energy efficiency of EVs and the
possibility of using them as energy storage,

e resource-efficient use of raw materials and materi-
als, with a focus on critical minerals,

e value creation from waste,

e use of RES, and development of smart grids (Smart
Grid),

o development of electromobility as a service,

e developing the right relationship in consumption
and production, including by extending the life
cycle of EV batteries, developing Vehicle to Grid
technology (V2G),

e developing solutions to increase economies
of scale.

Recognizing the interdependencies mentioned
above, it can be concluded that in thinking about
the development of electrification of automobile
transport, a systemic approach, theimplementation of
technological innovations, and an increase in corporate
responsibility and public awareness are necessary.
Such an approach will be conducive to the main goals
of sustainable electromobility development, seen in
economic, social, environmental and institutional
contexts (Fig. 1). Their manifestations include: striv-
ing to reduce the cost and decrease the price of EVs,
improving the quality and availability of charging
infrastructure, as well as realizing functions related
to preemptive environmental and climate impacts.

The development of a strategic approach that
guarantees the consistency of actions in the various
dimensions of sustainability, taking into account the
win-win principle, can be considered crucial to the
development of the electromobility system. The es-
sence of this principle is the basis for the selection
of such initiatives that, while achieving one specific
goal, simultaneously contribute to the achievement
of other important social, environmental, economic
and institutional objectives. Good examples of such
measures with regard to the electrification of automo-
bile transportation, in accordance with the principles
of sustainable development, are the promotion of
RES, the development of the Smart Grid, or the con-
struction of blue-green infrastructure (Gémez et al.,
2022). Theirimplementation has many more positive
implications than simply reducing climate change.
Among other things, it promotes improvements in the
competitiveness of transportation and the economy,
as well as the quality of life of society.



Low-carbon technologies in transportation, includ-
ing electromobility, have the potential to increase the
competitiveness of the mobility ecosystem. Exploit-
ing it requires increasing the EU industry’s ability to
continuously adapt and innovate to fill the missing
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links in the relevant value chains. Investment in bat-
teries for electric vehicles is of strategic importance.
A modern and competitive automotive industry is
crucial to the EU economy and job creation.

Factors outside the system boundary
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Fig. 1. Conceptual framework of the model for sustainable development of electromobility in car transport taking into

account the life cycle of the product /service.

Source: own study.
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The environmental effects of using BEVs should be
evaluated taking into account the vehicle’s life cycle
and fuel (Prussi et al., 2020). Research shows that the
production and permanent storage of an electric car
is more burdensome for the environment than in the
case of a car with an internal combustion engine. At
the same time, the level of CO, emissions from BEVs
depends on how the electricity is generated (Fig. 2).
However, given the average CO, emission levels set
for the averaged electricity generation mix in the EU,
BEV cars are already proving to be less burdensome to
the environment than conventionally powered cars.
In the future, with greater use of RES in the electric-
ity generation mix, a comprehensive assessment
confirms the clear advantage of BEVs in reducing
CO, emissions and improving air quality compared to
petroleum-fueled vehicles (Renewable energy..., 2018).
The development of electromobility also brings with
it changes in the way GHG emissions are controlled.

3.2. Strategic framework for electromobility
development

The directions of development of sustainable, in-
novative and resilient EU mobility are in line with
the implementation of the goals contained in the
currently applicable strategic documents, i.e. the
UN 2030 Agenda constituting an action program for
sustainable development until 2030 and the adopted
Paris Agreements. At the same time, they are con-
sistent with the guidelines of the EU transport and
climate policy. Intensifying climate and environmental
changes have prompted the EU to take urgent and
ambitious action under the European Green Deal.
In the adopted communication, a commitment was
made to achieve climate neutrality by 2050, includ-
ing the “green transformation” in key cross-cutting
programs and sectoral policies. However, a net-zero
society and economy will not be possible without

BEV vehicle (100% electricity from coal) [0

BEV vehicle (EU electricity mix) |G

BEV vehicle (electricity from RES) |G

Motor vehicle (diesel) [N

Motor vehicle (gasoline) [N

0

® Production and storage of vehicles
Fuel production (WTT emissions)
GHG emissions in flue gas (TTW emissions)

100 200
Grams per kilometer

300 400

Fig. 2. GHG emission levels in the life cycle of selected motor vehicles and fuels.

Source: Motowidlak (2020, p. 99).

A comprehensive assessment of the environmental
impact of electric vehicles also requires attention to the
risks associated with the production, use and disposal
of batteries (Mocko et al., 2011). These risks include
the problems of sourcing lithium, copper, silicon and
aluminum, which are necessary for their production.
Batteries, due to their relatively short lifespan, also
require large energy inputs for disposal. In addition,
they can pose a danger to people and the environ-
ment if they are destroyed in an accident.

a sustainable and innovative transport system. It
is estimated that achieving climate neutrality will
require a 90% reduction in transport emissions by
2050. One of the strategic directions of the transition
to a “clean”, safe and intelligent transport network
was the development of the EV car market and the
appropriate charging infrastructure. The importance
of a holistic approach to infrastructure planning for
EVs in the context of energy system and transport
integration was emphasized. Electromobility is key
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to accelerating decarbonization and reducing pollu-
tion, especially in cities, and new mobility services will
increase the efficiency of the transportation system
and reduce congestion. The projected decline in the
cost of EVs means that around 2025 they could be-
come competitive with internal combustion engine
vehicles in terms of total cost of acquisition and use
(Electric Vehicle..., 2020).

The current Sustainable and Smart Mobility Strategy
("EUSSSM”), dated December 9, 2020, contains a total
of 82 initiatives in 10 key areas and concrete actions to
significantly reduce the current dependence on fossil
fuels, increase the use of sustainable modes of trans-
portation, and internalize external costs, particularly
for access to infrastructure and through CO, pricing
mechanisms. Regarding EVs, he points out that at least
30 million BEVs and PHEVs will be on European roads
by 2030. By 2050, on the other hand, almost all motor
vehicles will be emission-free. Potential in this regard
is shown by fuel cell hydrogen vehicles, which are cur-
rently in the early stages of research and development.

The European Commission’s new legislative
proposals, presented in July 2021 in its “Fit for 55"
(2021) package, aim to reduce greenhouse gas (GHG)
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emissions by at least 55% by 2030 compared to 1990

levels, and to achieve climate neutrality by 2050. The

Commission’s proposals include stricter regulations

to reduce emissions, with a particular focus on the

transportation sector. The set of priority actions for
the sustainable development of the electric car mar-
ket reflects a coherent and integrated approach to

sectoral policies (Tab. 1).

The amendment to the Alternative Fuels Infra-
structure Directive (Proposal for a Regulation..., 2021)
provides for:

e development of publicly accessible charging points,
intended for passenger cars and light commercial
vehicles distributed at maximum intervals of 60
km along the core network,

e creation of all-access charging points, intended
for heavy vehicles, distributed at a maximum of
every 60 km along the TEN-T core network and
every 100 km along the comprehensive network,

e ensuring full interoperability of infrastructure,
including taking into account cross-border
infrastructure,

e providing complete user information and appropri-
ate payment options.

Tab. 1. Coherence of initiatives under the “Fit for 55” package and the “EUSSSM” strategy for the sustainable development

of EVs, charging infrastructure and energy.

.g ke E 4 3 2
- = (] ]
9] [T [T = v
1} £ 0 N o > a £
S . w = © = o o o > =
Initiatives of the Strategy for Sustainable =) 29| 0% = 5 g a
and Intelligent Mobility 2|2 68| 68| & = = ‘5
” v = ]
LEUSSSM 2E|55|5¢|58|2.,|5.,/€E |25
=3 |l s |Ssw | S5 | w8 | K| W Ec
S s | VK T © s 8 = > = > = &
[ =2y - — — ; - 3 - o= (=) -
= 5 =] = F v v = Y = —
9 = o O oD T o £ c 9 o ¢ g o c Y
= e t 9 v C @ S @ = c = c > °
<E | uUuex [ 6| x| 0| w0 | wS | U=
Popularization of EV cars (passenger and freight transport) XX X XX XX XX X X X
Expansion of the charging infrastructure XX X XX XX X X X XX
Sustainable and health-neutral electromobility between
" XX X X XX X XX X
cities
Decarbonisation of energy, development of RES X X XX XX XX XX XX X
Sustainable EV battery chain X XX XX X XX X
CO, emissions charges X XX XX X XX X XX
Coherence of the development of the TEN-T network and
. XX X X X X X X
electromobility
Innovation and artificial intelligence X X XX XX X X X X
Strengthening the competitiveness of the single market XX X XX XX XX X XX X
Fair and equitable electromobility for all XX XX XX XX X X
Improving the safety and security of transport XX X XX XX X X

X — coherence; xx — strong synergy effect
Source: own study.
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In the “Fit for 55" package, the Commission has
proposed to revise regulations on CO, emissions
from cars and vans. CO, emission standards provide
a strong stimulus to the EV market, creating demand
for charging infrastructure. EU reduction targets for
2030 are to be increased to 55% for cars and 50% for
light commercial vehicles. In addition, the reduction
should reach 100% by 2035.

The EUSSSM strategy also works in synergy with

the Energy Performance of Buildings Directive, which
addresses the issue of private charging infrastruc-
ture by setting requirements for the development
of charging infrastructure in buildings. By ensuring
the implementation of the necessary infrastructure
for EVs, the strategy will also complement efforts on
charging policies, which also aim to increase demand
for this type of vehicle. Another policy instrument
aimed at accelerating the spread of EVs is the Clean
Vehicles Directive. Wider infrastructure availability and
faster development of EVs will indirectly facilitate the
spread of “clean” vehicles in public fleets. The use of
more hydrogen and battery electric vehicles in the
EU fleetis also an important part of the Commission’s
hydrogen strategy and smart energy system integra-
tion strategy.

The above correlations and conclusions allow
positive verification of the first auxiliary hypothesis,
according to which the EU policy assumptions create a
strategic framework conducive (directly and indirectly)
to increasing the added value in the electromobility
supply chain for EVs. However, the achievement of
the adopted goals requires the implementation of
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investment activities in individual EU Member States
in the development of the necessary infrastructure
and market for EVs, as well as increasing public ac-
ceptance of their use. At the same time, given the
capital-intensive and complex nature of infrastructure
investment, it isimportant that electromobility devel-
opment strives to simultaneously achieve economic,

social, environmental goals.

3.3. Development of the electric vehicle
market

The high growth rate of the EV sales market that has
been occurring in recent years continues unabated.
The development of transportation electrification
has been focused on the passenger car segment.
Increased policy support for EVs as part of economic
recovery packages has contributed to sales growth,
especially in the second half of 2020 in Europe, when
the share of EVs among new registrations in the EU
tripled compared to 2019. This growth came despite
the COVID-19 crisis, which caused a 22% decline in Eu-
ropean EV market sales compared to 2019. As a result,
the EV market in Europe saw the highest growth in
2020, and with 1.4 million units sold, Europe became
the leader, overtaking China (Fig. 3). The following
year, public spending on subsidies and incentives for
EVs nearly doubled to nearly USD 30 billion by 2020.
At the same time, an increasing number of countries
have pledged to phase out internal combustion en-
gines or set ambitious vehicle electrification targets
for the coming decades, further boosting EV sales. In
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Fig. 3. EV (BEV and PHEV) passenger car sales and share of EVs in total car registrations in selected world regions.

Source: based on Global EV Outlook (2022).
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2021, their sales doubled compared to 2020, reaching
6.6 million EVs. China sold the most EVs in the year
under review (3.3 million). Sales in Europe showed
continued strong growth (up 65% from 2020) and
amounted to 2.3 million. However, as a share of the
total vehicle fleet, EVs accounted for about 1.2% (EAFO,
2021b). Global EV sales maintained strong growth in
2022, with 2 million vehicles sold in the first quarter,
up 75% from the same period in 2021 (Global EV...,
2022).

The uptake of EVs in the EU is concentrated in
a small number of countries. In 2021, the seven EU
Member States with the most EVs accounted for
a combined 85.3% of the EV fleet (EAFO, 2021b). This
group included Germany, France, the Netherlands,
Sweden, Denmark, Spain and Italy. In terms of the
share of EV vehicles in the car fleet, three of these
countries with the largest share are Sweden (3.7%),
the Netherlands (3.2%) and Denmark (2.1%). In recent
years, EV car sales have been concentrated mainly in
European countries with a relatively high GDP per
capita (ACEA, 2021), where more people can afford
to buy an electric car with current policies. Among
countries with similar income levels, the interest in
EVs was largely determined by the available support
instruments at the national and local level (Wapelhorst,
2021a; 2021b).

The number of EU customers choosing to purchase
aBEV is steadily increasing (Fig. 4).In 2021, the largest
number of these vehicles was sold in Germany with
360,000 units. (up 89% y/y), France with a registration
level of 170 thousand units. (+65% y/y). The country
with the largest share of EV registrations in total car
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registrations in 2021 was Sweden (43%). Second place
went to Denmark (35%), while third place went to the
Netherlands (30%), a significant result for countries
of this size.

In Poland, the first registrations of EV cars took place
in 2011. In the period 2011-2013, their number was
on average around 30 vehicles per year. In 2014, 141
registrations of EV cars were recorded, which started
a clear growing trend (Fig. 5). In 2017, the number of
registered EV cars exceeded 1,000. In 2019, their sales
amounted to 2,690 units, including 1,490 BEV cars.
According to data from the Polish Alternative Fuels
Association (Licznik elektromobilnosci, 2022), at the
end of January 2021, 17,800 EV passenger cars were
registered in Poland, of which 50% were BEVs and the
remainder PHEVs.

The values of the indicators of electromobility
development in Poland significantly deviate from
the values of analogous indicators, characterizing the
leading countries in this development, although the
distance separating Poland from these countries has
decreased. Still, there are definitely more new and
especially used ICEV cars registered in our country,
which at the same time slows down the sustainable
development of the EV market. The market needs
clear and transparent information on the financial
support system in the coming years. Without a stable
and well-considered EV policy, the development of
electromobility may be slowed down.

The inevitability of the development of electro-
mobility means that the world’s automotive market
leaders are incorporating this development into their
market strategies. One of the core tenets of these
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Fig. 4. BEV passenger car sales and share of EVs in total car registrations in selected EU Member States in 2019-2021.

Source: own study based on Global EV Outlook (2022).
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strategies is to conduct research and development
work aimed at reducing the cost of manufacturing
EVs and their components, which is key to increasing
the availability and sales of vehicles and the evolution
of electromobility in accordance with the principles
of sustainable development.

3.4. Development of electric vehicle charging
infrastructure

In the European Union, the 2014 Alternative Fuels
Infrastructure Directive (Directive..., 2014) regulates
the deployment of public chargers to power electric
vehicles. The policy recommended that in EU Member
States, the average number of publicly available charg-
ing points (Electric Vehicle Supply Equipment, EVSE)
in 2020 should be equivalent to at least one charging
point per 10 EVs. The proposed new EU legislation
(Proposal for a Regulation..., 2021) would mandate
1 kW of publicly accessible charger per BEV and 0.66
kW per PHEV, as well as a minimum range of public
chargers on highways. At the same time, the optimal
number of publicly accessible charging points would
depend on location-specific factors, such as travel
patterns, the number of BEVs and PHEVs, the number
of EV owners with a dedicated private charging point,
and with access to workplace charging points.

A European Commission report, published in 2021,
indicates that there has been some progress in the
development of EV charging infrastructure (State of
the art..., 2021). However, despite successes, such as
the promotion of a common EU plug-in standard,
significant obstacles remain in terms of infrastructure

availability. An assessment by the European Court of
Auditors (Charging infrastructure..., 2021) found that
the distribution of charging stations varies greatly
from country to country, payment systems are not
harmonized with minimum requirements, and avail-
able funds are not properly spent. It found that the
EU is still far from achieving the European Green Deal
goal of one million charging points by 2025.

According to the European Alternative Fuels Obser-
vatory, in 2020 the number of public charging points
in the EU was about 224,200, of which 11% were fast
chargers (=22 kW) (EAFO, 2021a). However, their geo-
graphicdistribution is uneven. In addition, European
Observatory data show an increasing number of EVs
per public charging point, as vehicle registrations grew
faster than the number of public charging points.

In 2021, the average EV to charger ratio was 14, up
from 11 in 2020 and above the recommendation of
10. Some countries have performed better, e.g. the
Netherlands (ratio of 5 and 2.6 kW per EV), where
alarge-scale strategy of slow deployment of on-demand
chargers has been applied (Fig. 6). In fact, the share
of fast chargers in the country remains low overall
at around 3%. Italy approximately meets the recom-
mended charger ratios (11 EV per charger). The outlook
is promising in Spain, which had 20 EVs per charger
and 1.2 kW per EV and more than 30% fast charging in
2021.1n contrast, France and Germany are not meeting
the recommendations for public charger availability.

Meanwhile, publicly available charging installations,
especially fast charging, encourage the purchase of
EVs and facilitate longer journeys. In 2021, the number
of publicly available fast chargers was 9.2 thousand
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in Germany, 4.5 thousand in France and 2.6 thousand
in Spain and the Netherlands. The availability of slow
charger installations in EU Member States is definitely
greater. More than 80,000 slow chargers were installed
in the Netherlands in 2021, followed by 50,000 in
France and 40,000 in Germany.

The current momentum in EV sales can only be
sustained if an increasing proportion of the popula-
tion has access to convenient and affordable charging
infrastructure, both publicly available and private
chargers in homes and workplaces. Governments will
need to continue to support investment and minimize
barriers to the development of charging infrastructure.
Policies that can contribute to removing barriers to the
development of EVs include building regulations for
theinstallation of charging infrastructure. An amend-
ment to the EU Directive on the Energy Performance
of Buildings (Proposal for a Directive ..., 2021) includes
measures to ensure that parking lots next to build-
ings are gradually equipped with EV charging points.
The directive includes provisions for equipping new
or renovated buildings with dedicated energy infra-
structure suitable for the subsequent installation of
charging points.

3.5. Analysis of national policies for the
sustainable development of the EV
market and charging infrastructure in the EU

The implementation of low- and zero-emission solu-
tions in electromobility systems involves a number
of investment projects that will not be economically
viable in the short term. Among other things, they are

characterized by a high degree of capital intensity and
complexity ofimplementation, with the effectiveness
of theirimplementation associated with certain risks
and uncertainties in the context of interoperability and
consistency of charging infrastructure, the expected
level of public acceptance crucial for increasing the
level of EV uptake (Tab. 2). As a rule, the activities ac-
companying investment projects for the development
of the EV market and charging infrastructure are treated
as those whose costs are as real and measurable as
possible at a given moment, while the benefits are
often quite postponed.

Analysis of investment project feasibility studies
confirms that the highest levels of complexity and risk
are demonstrated by projects in the development of
infrastructure and low-carbon propulsion technolo-
gies, as well as solutions to foster greater cross-border
interoperability and data sharing capabilities. At the
same time, these projects can be credited with high
efficiency in the implementation of EVs. Information
and promotional activities, characterized by a low
level of complexity, show great potential for efficiency
and effectiveness in the development of electromo-
bility. They are aimed primarily at raising awareness
and creating environmentally friendly transportation
behavior. Achieving these benefits is important for
the gradual uptake of low-carbon mobility systems,
which will result in, among other things, an increase
in the economic viability of theirimplementation and
animprovementin the state of the climate (Gevaers et
al., 2014). Legislative support is also key in this process.

The literature review and expert analysis were the
starting point for assessing the consistency of national
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Tab. 2. Degrees of complexity of implementation of investment projects in the development of the electromobility

system.

Organizational and implementation activities:

— integrated research and innovation strate-

Activities in the field of new technologies:

— standardization of technical specifications of EVs and

emissions, etc,
— EV travel advice and training,

— zero-emission zones.

> gies, relevant infrastructure,

E) — digital market strategies, — costs (investment and environmental) of developing
% < | —industrial and investment policies, new zero-emission technologies,

% ':;g;h — environmental expertise of EV technologies, | — developing common solutions between transport and
E — fleet purchasing, the energy market,

—FgJ — new models of cooperation. —solutions in the field of cross-border interoperability
g and the possibility of data exchange and cyber secu-
E rity,

§ — creating the EV battery value chain.

g Information and promotional activities: Legislative actions:

G

g — public campaigns to raise awareness of the — legislation to promote electromobility,

.:;? . escalating effects of climate change, — government strategies for financial support for EVs,

= S | —access to information on travel costs, EV — green public procurement procedures to promote the

introduction of EVs on the market,

— tax exemptions and reliefs.

Low

High

The degree of leg

Source: own study.

policies with current EU strategies for the sustainable
development of carbon-free mobility. The analysis
conducted indicates that the main lines of action
of national policies are consistent with EU policies.
However, there is a wide variation in the detail of the
implementation of the adopted measures, especially
with regard to the proposed instruments to support
the uptake of EVs. However, despite some diversity in
terms of proposed support instruments, it was possible
to identify four categories of activities for the devel-
opment of the electromobility system, i.e. legislation,
incentives for individual customers, infrastructure,
requirements for institutions/collective customers.
An overview of the applicable categories of national
policy actions in selected EU countries regarding EV
market development and charging infrastructure is
presented in Tab. 3.

In Germany, the government has funded a wide
range of measures to promote EVs. A key funding meas-
ure is a one-time vehicle purchase bonus introduced
in 2016. Additional benefits include the exemption of
EVs from annual ownership tax and a lower tax base

al and informational complexity

for electric company cars. The German government
has also established various funding programs at the
national level to build a public EV charging infrastruc-
ture network (Federal Ministry..., 2020). At the end of
2019, the government adopted a “Master Plan” that
sets out goals and measures for the development of
a public and non-public charging network.

Sweden has also set ambitious targets for increasing
the number of EVs and public charging infrastructure.
The government intends to ban the sale of new petrol
and diesel cars from 2030 (Wappelhorst, 2021a). To
achieve this goal, a number of incentives have been
implemented in the country to promote EVs and deploy
public charging infrastructure. For example, already
in 2012, the government introduced a bonus for the
purchase of an EV vehicle. In mid-2018, it adopted
the “bonus-malus” tax system, providing even higher
incentives for the purchase of an electric vehicle. Vari-
ous financing programs for the installation of normal
and high-powered public charging infrastructure have
also been adopted in recent years, resulting in the
steady expansion of public charging points. A wide
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Tab. 3. Overview of national policies in selected EU countries for the development of the EV market and charging

infrastructure.

Country Legislation

Incentives

Infrastructure Requirement

Denmark X

X

X

France

XX

XX

Germany

XX

XX

Italy

XX

XX

Netherlands

XX

XX

Spain

X

XX

Sweden

XX

XX

Poland

xx — wide range of support

Source: own elaboration based on Hall et al. (2021).

range of measures to support the uptake of EVs and
funding mechanisms for public charging points have
also beenincluded in their plans by the Netherlands,
France and Spain.

The Dutch support model works on a partnership
basis, where thoughtful and supported policies are cre-
ated through consultation with private entities and local
governments (Netherlands Enterprise Agency, 2022).
Provinces and municipalities are preparing tenders for
public charging infrastructure, i.e.: smart charging, open
protocols and cyber security. Many cities and regions
are implementing initiatives and operational policies to
accelerate the development of electric transportation.
For example, Amsterdam, Utrecht, Rotterdam and The
Hague have grants to purchase electric passenger ve-
hicles, trucks and cabs for commercial use. In addition,
there are subsidies for the demolition of old internal
combustion engine vehicles. In recent years, a number
of Dutch cities have already introduced green zones
to support the introduction of green transportation.
If residents buy an EV and don’t have their own park-
ing space, they can apply for a charging point to be
installed in a public space at no cost.

The ecological transformation of the French econ-
omy is described in the “France Revival Plan 2030”
(2020). France plans to install 7 million charging points
for hybrid and electric vehicles by 2030 in partnership
with OEMs, energy suppliers and charging station
infrastructure providers.

Spain’s program to promote electric and sustain-
able mobility, “MOVES Plan” (Spain mobility..., 2020),
targets four activities, including the acquisition of EVs
and the expansion of charging infrastructure, with a
focus on job creation and leveraging the industrial

value of the chain. The program has a budget of
EUR 100 million. In 2021 and 2022, the Spanish gov-
ernment has earmarked additional funds, amount-
ing to EUR 570 million, for the promotion of electric
mobility.

There are a number of barriers to EV market devel-
opmentin Poland. The key one is considered to be the
low availability of publicly accessible charging points
(Smardz, 2022). Existing financial support programs
(e.g. “My electrician”, “Support for EV charging and
refueling infrastructure”, “Development of electricity
infrastructure for the development of EV charging
stations”) are insufficient to meet the goals of elec-
trification of mobility by 2050.

The conducted policy analyzes confirm that awide
range of promotional activities removing consumer
barriers in terms of affordability, convenience and
awareness is of key importance for accelerating the
process of popularization of electric vehicles, which
allowed for a positive verification of the second sup-
porting hypothesis.

Discussion

Taking into account the assumed aim of the article,
the results of the conducted analyzes indicate several
important findings that allow to positively verify the
main hypothesis.

The concept of electromobility is becoming more
and more popular in scientific research and is a fre-
quent element of discussions among government
decision makers. Previous research confirms the grow-
ing importance and management of electrification
of motor transport and provides guidance on what
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direction this process should take. This article provides
several findings that contribute to the development of
research in the field of shaping the electromobility of
passenger cars, taking into account the assumptions
of sustainable development.

The proposed qualitative model of sustainable de-
velopment of passenger car electromobility indicates
the need for a systemic approach, in the context of
the system value chain and general assumptions of
the product and service life cycle. This model identi-
fies the basic interactions between EV passenger
cars, economy, environment and society (theoretical
dimension). After giving it quantitative characteristics,
it can support investment decisions in the field of
sustainable electromobility development (practical
dimension). In addition to the need to reduce CO,
emissions (Woo et al., 2017; Yu et al., 2018) in pursuit
of the goals of the Paris Agreement and European
climate and transport policy goals, there are eco-
nomic (Milakis et al., 2017) and social (Moreno et al.,
2018) in favor of increasing the use of electricity to
power passenger cars. The review of the literature on
the subject also provided research results indicating
that the production and use of EVs and batteries are
associated with many challenges. Considering the
guiding goal of electrification of individual motoring,
priority should be given to changing the structure of
electricity generation, towards increasing the share
of less emission-intensive raw materials, with particu-
lar emphasis on RES. However, the development of
electromobility based on renewable energy sources
is very complex, which is why actions aimed at im-
proving the quality of power systems, their capacity
and the development of Smart Grids are important.
At the same time, these networks would enable the
use of EV cars as electricity storage units, generating
economic and environmental benefits, and would
contribute to the balancing and stability of the power
system. Findings on the environmental aspects of
the development of EV electromobility also indicate
the need to extend the life cycle of EV batteries and
improve the efficiency of their recycling, which has
been confirmed in the proposals for new EU regula-
tions on batteries (EU Battery..., 2022).

The development of electromobility is also associ-
ated with economic and social aspects. Based on the
findings and conclusions of the research so far, several
impacts of the development of EV electrification can be
observed, from the perspective of costs and benefits
in economic and social dimensions. Expenditures on
research and development, changing the architecture
of the EV supply chain, or uncertainty in terms of social
acceptance do not change the general perception of
electromobility as an innovation. It has great potential
in terms of increasing added value for all participants

in the chain, which is ultimately to lead to a reduction
of CO,emissions.

The findings show that the development of sustain-
able, innovative and resilient mobility is the leading
objective of the EU transport and climate policy and
isin line with the priorities of the Paris Agreement and
the UN 2030 Agenda. One of the key specific objec-
tives to achieve the leading objective is to reduce CO,
emissions from passenger cars. This goal is supported,
directly and indirectly, by the EU. This is confirmed
in many strategic documents. Studies by L. L. Li et
al. (2020) and H. Du et al. (2018) reveal the positive
impact of policy on socially acceptable electrification
of passenger cars. However, R. Chinoracky et al. (2022)
emphasize that if electromobility is to contribute to
reducing CO, emissions in accordance with the as-
sumptions of sustainable development, the political
implications must have a long-term dimension.

The directions for the electrification of road trans-
port and the necessary infrastructure as well as the
means for its implementation are determined at the
supranational level. However, the final mix of measures
used and their weightings are the responsibility of EU
Member States, who set the national action plans.
These plans should include actions aimed at strength-
ening efforts to develop EV electromobility and build a
coherent network, in line with EU policy. The analyzes
carried out in this article confirm the results of previous
research on the progress in the development of the
EV market and charging infrastructure. The available
data shows that despite the high dynamics of sales
of EV cars, the market of these cars in the EU is still
underdeveloped in relation to the market of combus-
tion cars. In addition, it is characterized by very large
disproportions between individual EU Member States
in terms of the number of EV vehicles and charging
stations. The study shows that the development of
charging infrastructure is a key factor that affects
the willingness to buy EV cars and their use. National
policies should therefore prioritize the development
of charging infrastructure. The analysis carried out
in the article allows us to conclude that in some EU
countries support under national policies has been
dispersed, hence the goals set for the development of
charging infrastructure have not been fully achieved.
In the EU countries covered by the study, the analysis
of national policies and instruments supporting the
development of electromobility has a positive impact
on shopping preferences. These countries account for
over 80% of the EV market in the EU.

Conclusion

The identified dependencies between the develop-
ment of mobility and the increase in demand for
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transport fuels, the combustion of which causes an
increase in CO, emissions, indicate the extremely
important role of the action plan aimed at solving the
problem of the negative consequences of growing
energy needs. In the case of the EU, an example of
such a planis the concept of developing electromobil-
ity in the field of individual motorization, which is an
expression of the implementation of the assumptions
of sustainable development. Based on the review of
the literature on the subject and the results of the
analyzes carried out, it can be concluded that the
actions taken by the EU within the framework of
transport and climate policy and the European Green
Deal, inspired by climate protection and the pursuit of
sustainable development of the economy, will require
decisive solutions in the field of dissemination of EVs,
development charging infrastructure and changes in
the context of the value chain. The analyzes carried
out show a large degree of differentiation in terms
of the level of development of electromobility in the
EU Member States.

Due to the complexity of the concept of develop-
ing the electromobility system in the EU, from the
perspective of the added value chain and product/
service LCA, it can be concluded thatits implementa-
tion will be a gradual and long-term process, requir-
ing a systemic approach. The proposed solutions are
innovative with great potential. This potential relates
primarily to reducing CO, emissions from transport,
improving the competitiveness of transport, devel-
oping RES, increasing energy security and imple-
menting new services, e.g. V2G. At the same time, it
should be taken into account that the effectiveness
of the measures implemented for the electrification
of individual motoring will be partially compensated
for by the costs associated with the dissemination of
electromobility in road transport. In addition, due to
the innovativeness of the proposed low- and zero-
emission solutions in relation to EVs, their significant
effects may appear in the long term. At the same time,
obtaining them will require the implementation of
specific actions as part of national and local policies,
aimed not only at the implementation of EV technol-
ogy, but also at increasing public awareness for new
propulsion technologies. The implementation of the
electromobility concept is an important element in
the development of a competitive and innovative EU
economy. At the same time, it can contribute to the
achievement of an extremely important global goal,
which is climate protection.

One of the key challenges in the field of future
research directions is the development of algorith-
mic approaches that allow the use of the proposed
qualitative model in the investment decision-making

Urszula Motowidlak

processes in the field of EV electromobility. From
the perspective of the development of sustainable,
innovative and resilient mobility of people, it can be
considered important to study the potential of elec-
tromobility in relation to micromobility and urban
transport.

The article does not attempt to quantify changes
in CO, emissions related to the use of various financial
support instruments in the countries covered by the
study. A prerequisite for successfully performing such
a task is the availability of a comprehensive and ac-
curate dataset. The results of this analysis indicate that
this may pose another challenge for future research.
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