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Abstract

The transformation of transport is necessary not only for climate protection, but also to increase
competitiveness, develop modern technologies in transport, and improve the well-being and quality
of life of the population. This article discusses the current state of the transformation of transport and
infrastructure to low-emission and zero-emission within EU member states and, in particular, their
SMART cities. This article discusses the challenges, modern technologies, disadvantaged groups, and
the overall concept of transformation with the aim of designing the most effective strategy for
transport transformation at the SMART cities level. The potential relationship between the position
of EU member states in the Climate Change Performance Index ranking and Greenhouse Gas
Emissions in the EU is identified and analyzed. The results are reflected at the SMART cities level,
confirming that proactive states achieve faster and more effective transport transformation. The
conclusion of the article defines research trends aimed at improving the level of transport
transformation and challenges related to successful transformation at the SMART cities level.
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1. Introduction

While transforming transportation and the necessary infrastructure in and outside cities can
contribute to climate change protection, Specific-Measurable-Achievable-Relevant-Timed (SMART)
city governance often overlooks key environmental and technological considerations. European
Union (EU) leaders, businesses and ordinary citizens agree that the transformation of transport is one
of the biggest changes that is absolutely necessary. However, the long-term neglect of this issue is
evident in the differences in the views of people and businesses on SMART transport in cities.
Although the EU's plan is supposed to be environmentally friendly, more accessible and sustainable
transport, these ideals are often not fulfilled. With a few exceptions (see e.g. [1,2]), only a limited
number of large-scale studies and surveys have been conducted on the perception of the need for a
more sustainable transport transformation for citizens. In a systematic analysis, EU authorities [1,2]
found that the willingness to make a change in transport depends on the approach of the leadership
of individual member states and city governments. More progressive and proactive states have a
higher level of need and willingness of citizens and companies to change compared to states that are
not proactive, do not promote change in transport and do not provide information to citizens. Given
the absence of channels for expressing passive dissatisfaction (which is typical of non-proactive and
non-progressive states), it is difficult for government entities, if they exist at all, to monitor, evaluate
and improve the functioning of SMART transport in cities. In essence, this issue represents a
fundamental environmental issue in a democratic society that needs to be addressed accordingly.
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The EU and research have been concerned with sustainability since the first publication of the
Brundtland Report in 1987 [3]. Research and policy have generally focused primarily on economic
sustainability, but not on technological, environmental and social sustainability [4-8]. This
discrepancy is also evident in the development of SMART transport in cities, where technological,
environmental and social aspects have not yet been sufficiently explored. Economic development,
not only in transport, has received much attention in recent decades, while environmental and
technological aspects have not. More than 94% of all studies on SMART cities are devoted to economic
or social aspects [9]. While only less than 6% of studies deal with environmental aspects and almost
no research is devoted to technological aspects [10].

With the necessity of changes in the field of environmental protection and climate change,
including the European Green Deal (EGD), the need to monitor and investigate sustainable, low-
emission and technological transformation of transport in cities is one of the key aspects of success.
Given the research and development of new technologies, it is essential for cities and society as a
whole to monitor governing bodies with a legal mandate and responsibility for the successful
implementation of this progress [9].

The development of sustainable transport infrastructure and modern transport is influenced by
the technological sophistication of a given state, its attitude towards environmental protection and
climate change, but also by the social status of its inhabitants [11-14]. While technological
sophistication is defined by the types of vehicles used, fuels and the necessary infrastructure, the level
of the environment is assessed on the basis of immissions and emissions [11,12]. Social inequality is
the most elusive variable, as it is characterized by social exclusion and marginalization of
disadvantaged groups. Both of these indicators are very difficult to measure. Social exclusion is
influenced by several factors, such as lack of resources and services, insufficient or zero social capital
or externalities in the neighborhood [15,16].

While the concept and solution of transforming transport into low-emission and sustainable
lacks consensus and clarity, as the solution depends on individual member states [1], there is a large
group of scientists who agree on the need to develop and transform transport, especially in cities,
with an effort to transform cities, if they are not yet, into SMART cities [17-19]. SMART city platform
architects often promise to improve urban life through innovative technologies with the aim of
creating an efficient and fulfilling life for all groups of citizens and businesses [14]. However, this
goal usually fails due to a misunderstanding of the SMART city concept, different expectations of
citizens and businesses, and a failure to connect technologies into a functional whole. For the
transformation process in SMART cities to be effective, it is necessary to understand the sustainability
and climate protection initiative, its goals, and the transport technologies that can achieve these goals.
Another necessary and indispensable factor is the human factor. It is necessary to include the
adaptation of governments, citizens, and businesses to the changes.

Scholars studying sustainable transport processes define a multi-component system that
includes the interaction of the EU, government, citizens, companies, the environment, materials,
vehicles and/or cars, and various methods and technologies, so as to achieve the complexity of the
issue [20,21].

From the perspective of the successful implementation of low-emission SMART transport in
SMART cities, the participation of citizens and businesses is a vital aspect of civic, democratic and
sustainable societies [22] and it is necessary that people living in SMART cities fully use all the
possibilities offered by modern technologies, have access to information and be part of decision-
making processes in cities.

The issue of transport in SMART cities has received a lot of attention in recent years, not only
because of EGD [2,23-26]. Research [24,26] found that the success of Public Private Partnership (PPP)
models in the field of SMART city transport infrastructure development has these 5 critical areas -
political-legal, technological-technical, economic-financial, social and environmental aspects.
Transport in SMART cities is so complex that it goes beyond the area of so-called Industry 4.0 and
SMART transport, but it is necessary to develop it into Industry 5.0 with the inclusion of human,
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sustainability and environmental actors [3]. SMART elements in transport are already visible today,
for example, Reddy et al. [23] in their research use intelligent elements for pedestrian crossings based
on detection algorithms and real time data, or Xia et al. [25] in their study investigates behavioral
analysis in transport using fuzzy approaches.

1.1. Paper Objectives

This article systematically assesses the challenges of transforming transport and infrastructure
in SMART cities and highlights the opportunities of new technologies, justifies the importance and
relevance of managing these digitalization processes, and outlines potential directions for future
research in transport management in SMART cities that would ensure improved sustainable and low-
emission transport for all citizens and businesses without social exclusion. The transformation of
transport, infrastructure and technologies is a key factor of competitive advantage for SMART cities,
enabling them to effectively respond to the needs of sustainable low-emission transport for all.

1.2. Paper Outline

This paper is structured as follows: It begins by formulating the key argument presented in this
paper and outlining some of the fundamental benefits of transforming urban transport into low-
emission, climate-friendly transport. While modern technologies have the real potential to provide
enormous benefits in terms of improving the quality of life and protecting against climate change,
they operate as a double-edged sword. On the one hand, they expand access to modern technologies
in transport and infrastructure in the context of SMART cities for a large part of EU member states
and their citizens, which is likely to improve their use and benefits of these technologies. For example,
they reduce pollution levels in cities due to minimal emissions [27-30]. On the other hand, these
technologies are denied to a subgroup of disadvantaged states and especially disadvantaged groups
of the population in these states, which leads to the rejection of modern ecological transport by public
administration and residents, the trivialization of the issues of climate change and environmental
protection, a "technological gap" and social exclusion. This study focusses on these gaps, illustrated
by examining the availability of transport technologies and the impact of public administration
approaches on the transformation of transport towards low-emission transport. The article includes
successful applications of modern transport technologies in SMART cities concepts in the EU. It
highlights a systems perspective on climate-SMART urban transport and the importance of
establishing a single governing body responsible for monitoring, evaluating and improving the
performance of SMART cities. The conclusion summarizes recommendations for such a governing
body and potentially for public administration.

2. Climate Change, SMART Cities and Transport Transformation

The link between climate justice and SMART cities is unclear [31] and further research,
particularly in the area of SMART cities in relation to digital equity and sustainability, is needed. The
aim of the study [31] is to highlight the impact of technological gaps on climate justice within SMART
city societies, including transport in SMART cities. Addressing these gaps is important for several
reasons: First, in order to create sustainable, low-emission transport in a SMART city that is accessible
to all, it is essential to clarify the various constraints that citizens and businesses face when travelling
in a SMART city environment. Second, planning and designing infrastructure and transport in
SMART cities is not feasible without overcoming these specific constraints within a SMART city
society. Third, it is essential to address issues related to disadvantaged residents of SMART cities,
otherwise the transformation of transport will lead to greater social exclusion of this group of
residents [32,33]. Fourth, the limitations and transformations of citizens' transport and technological
capabilities often have consequences within the entire SMART city. The actions of residents are
conditioned by social, political and economic conditions and resources. Opportunities, in this case
technological, are available to the private sector in the position of a producer and public
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administration in the position of a creator of legal norms, conditions and subsidy programs for these
technologies. For these reasons, the public administration's approach to the given issue is key for
society.

Although it is difficult to assess the environmental impact of transport and transport
infrastructure at the city level, it is often argued that they have a key value for climate protection
[24,34-36]. For example, modern transport technologies and the Internet of Things can help reduce
greenhouse gas emissions by reducing energy consumption by replacing resource-intensive activities
such as travel to conferences with virtual means, or by streamlining existing services [37]. Energy
savings through to transport technologies and infrastructure and Information and Communication
Technologies (ICT) in SMART cities have been demonstrated, for example, in the synergy and energy
distribution of the transport system in SMART cities [38], energy savings from buildings used to
operate nearby infrastructure [39], or by creating an intelligent transport system that focuses only on
city trips and saves per-km energy, finance and nature [40].

Assessing the full impact and potential of ICT and modern technologies in transport and
infrastructure in the development of SMART cities remains a challenge and is likely to remain so in
the future, as new technologies based on Artificial Intelligence (AI), for example, are emerging,
leading to relatively high electricity consumption [41].

Although the potential of modern transport technologies in the fight against climate change
seems enormous, the availability of this technology is paramount. Currently, almost 100% of the EU
population has access to electricity, but 10% of the population is in energy poverty (e.g., they cannot
heat their homes in winter or use electrical appliances), and 5% of the working-age population (16-
74) has never used the internet. This situation varies from region to region [42], e.g. almost all
residents of the Nordic countries use the internet, while almost 14% of Croatia's population did not
have access to the internet in 2024 (data for 2025 is not yet available). This inequality is also evident
in other countries, such as Greece, Portugal, and Bulgaria. In the EU, Light Goods Vehicles (LGVs)
are 83% diesel and 14% partially sustainable fuel (Compressed Natural Gas - CNG, Liquefied
Petroleum Gas - LPG, Liquefied Natural Gas - LNG, full electric and hybrid) [2]. Not everyone can
therefore fully enjoy all the benefits offered by the transformation of transport into modern,
sustainable, and low-emission transport; there are still significant differences between countries and
within countries in terms of access to ICT, modern transport technologies, and infrastructure, and
their use. At the same time, there are huge differences in the potential for transport electrification
between developed and developing countries and megacities [43].

Some groups of people also have greater difficulty accessing not only ICT but also transportation
than other groups, which is reflected in technological gaps related to gender, geographic location,
and income. EU research [44] has found that a quarter of EU residents of working age have only basic
education. The term "technology gap" or "technology capital value" [45] is commonly used to describe
inequalities in access to and/or use of technology between households, regions, and countries. This
issue has been discussed since the 1990s. The term is often used in academic articles and transnational
discussions on differences in access to technology, highlighting the uneven distribution of
technology, its resources, and skills among different populations [46]. The most frequently mentioned
differences are those between the first and second levels, with the first level concerning access to the
technology in question, which in the context of low-emission transport means access to sustainable
and low-emission transport vehicles—cars, planes, trains, but also public transport. The second level
concerns the skills, participation, and effectiveness of users in handling transport technologies, such
as electric cars in combination with smartphones, e.g., for navigation to the nearest available parking
space at the destination. Gender inequality related to information, communication, and transport
technologies is a significant challenge, not only in developing countries [47]. The gender technology
gap is defined as unequal access to and use of ICT and transport technologies between the genders.
Among other things, this inequality results in the exclusion of women from education [48]. Women
in the EU who have a master's degree mainly study education, arts and humanities, social sciences,
journalism, and information [49]. The consequences of technological exclusion are further
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exacerbated by the fact that education is perceived in the EU as a fundamental requirement for
personal fulfilment, social engagement, political representation, and employment opportunities [3].
Given that technological skills are essential for both the professional and academic spheres (the share
of female professors in the EU was 29% in 2022, with the vast majority of female professors teaching
behavioural sciences, humanities, other or law studies [50], any systematic inequality in these skills
becomes a question of social sustainability — a problem that also affects developing countries [51].

Reducing commuting and promoting alternative low-emission vehicles are currently considered
key factors in climate protection [52]. The possibility of working from home (“home office”) is limited
by the nature of employees' work. According to research [53], only 10% of employees can work from
home, and only part-time, not every day. The greatest boom in working from home has been seen in
the public sector, where administrative staff were forced to work remotely during the COVID-19
pandemic. This trend in administration continues today.

In conclusion, it is important to mention that some residents and companies do not want to use
modern, sustainable, and low-emission transport and infrastructure. The reasons vary, but most often
they include a negative attitude towards modern technologies, fear of information collection by
modern technologies, or nostalgia for the use of existing technologies [54-57].

2.1. Behavioral Influence

People's behavior towards technology, vehicles, and infrastructure can threaten technologies
that protect the environment and climate. Regardless of the country [58-60], it is often the case that
as more energy-efficient technologies become available, there are rebound effects due to increased
use of modern technology and, as a result, an overall increase in energy consumption.

The rebound effect is technically explained as the actions of a company, institution, or public
administration aimed at reducing the consumption of resources, typically energy, time, or money, or
a combination of all these resources, which has the secondary effect of overusing the resources in
question and is therefore ineffective [61]. This phenomenon has been present in the population for
several centuries, usually during the expansion of new technologies and products, but official
attention from the professional community has been focused on this phenomenon since 2005 [61].
This phenomenon is most often explained in terms of a market economy, where the development
and popularity of technology or products leads to more efficient production at lower costs, which in
turn leads to a secondary phenomenon, namely increased demand and consumption of the
technology or product.

Rebounding effects are currently a typical example of serious problems that can overshadow the
climate resilience of SMART cities [62]. Since SMART cities are inhabited by people, it is necessary to
take into account human psychology, which does not always correspond to logic and can negatively
influence people's primary inclination towards a more environmentally friendly lifestyle through
consumerism [63]. Human behavior, and especially human decision-making, depends on the rules
of heuristics. These heuristics can distort systematic thinking, conscious, analytical, and reflective
processes [64]. Heuristics are influenced by upbringing, environment, and an individual's primary
settings. The combination of these factors then gives rise to an individual's behavior. An individual's
behavior has its limits, habits, and trigger responses, which are influenced by the above factors. This
area is dealt with by the field of environmental psychology, which is currently receiving increasing
attention [65,66].

A tool related to individual environmental behavior (referred to in psychology as affordance)
that promotes environmentally friendly behavioral change is the use of nudging and default settings
[51]. Individuals act based on techniques explained in the field of decision-making, especially in the
field of more advanced decision-making methods, with the aim of achieving a result that users are
left with when they refrain from making an explicit choice [62]. A typical example of this behavior is
the following situation: deficiencies in public transport, such as automated ticket vending systems,
where integrated and user-friendly automated ticket vending systems can be introduced to
streamline the process of boarding public transport. This may include contactless payment methods,
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mobile applications, or chip cards, which will make it more convenient for individuals to use public
transport without having to purchase tickets each time [51]. This fare payment system is currently
available in some SMART cities in the EU (e.g., Ostrava [67] and Helsinki [68]).

2.2. Technological Divides

Differences in technological skills, known as the digital divide, have far-reaching implications
for the entire EU. This phenomenon is caused by a combination of the constant use of cognitive
abilities (e.g., memory, critical thinking, decision-making), which decline with age, and the
technological level of the country [69-72]. Smartphones and their applications, cars with automatic
transmission and other mother vehicles currently improve human cognitive functions, but physical
abilities decline with age [73,74].

The boom in modern technologies and infrastructure, not only in transport, brings with it
technological challenges to which consumers respond with a delay. Young people, who are flexible
and experiencing cognitive growth, are the quickest to develop new skills, while the older generation
lags behind in adopting new technologies and infrastructure for many reasons. The most common
reasons are fear of new technology, loss of skills, cognitive decline, and the need for constant
updating. For these reasons, there is an increase in the number of people who find it difficult to use
new technologies or refuse to use them altogether [51].

The transition to climate-friendly transport in Europe has been agreed upon as part of EGD, but
individual member states are approaching this issue individually. In the EU, a large-scale study
conducted in 2024 [75] found that renewable sources account for 12% of total transport. There is huge
variation between member states, with Croatia having less than 1% renewable energy in transport
and Greece 4%, while in Sweden renewable energy accounts for 40%.

3. Climate-Neutral Transport in SMART Cities

This chapter contains data at the level of individual EU countries for two reasons. Firstly, data
on the level of climate protection and measures adopted and transport transformations are only
available for individual member states. The second reason is the fact, which can be seen later in the
chapter, that there is a visible relationship between a country's approach to transport transformation
and the actual transformation not only at the national level, but also at the level of individual regions
and SMART cities.

The second part of the chapter is devoted to specific SMART cities and their innovations and
modern technologies used to protect the climate.

3.1. Approach of EU Member States

Transport emissions represent around 25% of the EU's total greenhouse gas emissions. The
emissions increased every year; the regulation is necessary. This is the reason why one of the key
parts of EGD is transport. EGD priority is sustainable and environmental transport. The EGD
proposals cover all modes of transport, whether passenger or freight. The main goal in the field of
transport is to become a climate-neutral continent by 2050. Given that in some areas modern low-
emission transport accounts for less than 1% (e.g., Croatia [75]), a major transformation will be
necessary. This should be achieved by reducing transport emissions by 90% compared to current
levels. To reach this goal, it's important to let people know that some countries are so progressive
that they'll be able to hit this target way earlier (like Sweden and Finland [75]). The areas that
European cities can influence are as follows: high-speed rail and road transport. While high-speed
rail is usually planned at the level of states and larger territorial units (e.g., EU NUTS regions),
individual regions and cities can take action in the area of road transport to meet the EGD's low-
emission targets. According to the EGD, by 2035, emissions from cars must be reduced by 55% and
from vans by 50%, and from 2035 onwards, new cars must be fully emission-free (i.e., they must be
electric or hydrogen-powered using currently available technologies) [76]. In order to achieve this
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change, it is necessary to prioritize the construction of infrastructure for this type of transport.
Individual cities and regions can only create this within their administrative territory. Outside the
above-mentioned administrative units, this issue is the responsibility of the state and its
administration. In 2024, low-emission vehicles accounted for 12% of all vehicles in the EU [75].
According to EU research, the infrastructure for charging these vehicles, the speed of charging, and
the inability of apartment dwellers to charge their vehicles in parking spaces in front of their homes
appear to be problematic. This trend, i.e., not buying a car with an alternative drive system due to its
charging, especially among people living in apartments, is already evident from a study from 2024
[1], which confirmed that the vast majority of owners of alternative fuel vehicles own their own
homes, where they charge their cars.

As mentioned above, 12% of alternative sources were used in transport in 2024. There are
significant differences between countries; for example, the Czech Republic had a 6% share of
alternative vehicles in 2024, while Sweden had 35% [75]. Detailed information is provided in Table 1.
It is necessary to mention the methodology used to determine the monitored values; Carbon Dioxide
(CO2) monitoring is usually the most commonly used indicator. Road transport accounts for 77% of
CO: emissions from transport in the EU. Nitrogen Dioxide (NO:), Particulate Matter 10 (PM10)
emissions and Carbon Monoxide (CO) concentrations are also monitored [2]. In connection with
EGD, the Climate Change Performance Index (CCPI) ranking is often mentioned [77]. The CCPl is an
international country rating system that includes several indicators used to assess a country's
approach to climate protection. The indicators cover renewable energy, emissions, energy use, and
climate policy. Not only current indicators are evaluated, but also the ability of countries to adapt to
low-emission and zero-emission processes, technological innovation, and integration into the
everyday lives of citizens.

Table 1. Share of energy from renewable sources used in transport by country. Source: source: own research

modifying accord to [75].

Country 2023 2024 Country 2023 2024
Sweden 33.65% 34.95% Slovakia 9.18% 9.51%
Norway 27.73% 27.29% Luxembourg 9.15% 9.95%
Finland 20.64% 21.91% Estonia 9.06% 8.43%
Netherlands 13.43% 16.99% Romania 8.23% 7.47%
Austria 13.21% 13.49% Bulgaria 8.09% 8.03%
Belgium 12.09% 12.43% Ireland 7.58% 8.60%
Spain 11.96% 12.18% Hungary 7.57% 7.52%
Germany 11.86% 11.58% Cyprus 7.28% 7.57%
Portugal 11.16% 11.50% Lithuania 7.23% 7.96%
EU-27 10.84% 11.32% Poland 5.99% 6.53%
Denmark 10.80% 11.55% Czechia 5.65% 6.02%
Malta 10.75% 10.86% Greece 3.94% 3.81%
Italy 10.25% 10.72% Latvia 1.36% 6.42%
France 10.03% 10.72% Croatia 0.92% 0.89%
Slovenia 10.02% 9.59%

To investigate the relationship between a country's level of transport and infrastructure
transformation and its position in the CCPI ranking, this study used data from the CCPI ranking for
EU member states and the Transport and Environment Indicators for 2023 (most actual available
dataset distributed via European Environment Agency (EEA) [78] calculated by the EU [79]. The
following indicators were used to assess the level of transformation of the country: Greenhouse Gas
Emission (GHG) (% consisting of GHG per Capita and GHG 2030 Target, 2023); renewable energy (%
of total energy consumption, 2023); alternative vehicle propulsion (% of total passenger transport,
2023); COz2 (% emissions from production in the EU economy, 2023). Furthermore, population size
was included in the analysis as a control factor to assess how demographic aspects could influence
the level of transformation of a country's transport and infrastructure to low-emission [80].
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Effective governance ensures that all processes are consistently integrated and aligned with the
overall EGP objectives. By implementing effective management decisions, EU Member States can
create a more conducive environment for transformation, helping to improve the satisfaction of
residents and businesses, reduce the level of fear and misinformation about alternative vehicle
propulsion, and encourage active participation in the transport transformation process. In this way,
properly managing the transport transformation not only increases the efficiency of transport and its
infrastructure, but also contributes to its sustainability and competitiveness in the long term, and
potentially ensures a higher ranking in the CCPI ranking.

Data for this study was collected from the latest available sources to analyze the relationship
between the level of transport transformation in the EU and the performance of individual member
states. Specifically, the study uses the CCPI 2023 index, which provides insights into GHG, renewable
energy and alternative vehicle propulsion. In addition, data on transport and environment were
obtained from the EEA, focusing on the latest rankings of EU member states in the areas of transport
and environmental protection. These datasets allow a comprehensive assessment of how
transformation indicators correlate with the ranking of EU member states and their environmental
status.

The study adopted a mixed methodological approach, combining empirical and theoretical
analyses, with the aim of providing a comprehensive assessment of the impact of the level of
transport transformation in the EU on the environmental performance of individual EU member
states and their position in international rankings, which present the perceived level of transport
innovation and the level of environmental protection of a given unit on the international stage.

The empirical analysis included correlation analysis to identify statistically significant
correlations between the level of transformation in a country's transport (measured by the EEA's
Transport and Environment indicators) and the countries' position in the CCPI ranking. The
indicators examined were GHG, renewable energy, alternative vehicle propulsion and CO:. The
country's population was also included as a control factor to assess whether demographics affect
transformation processes.

The regression analysis showed that the position of EU member states in the CCPI ranking is
significantly related to certain EEA transport and environmental indicators, in particular the use of
alternative fuels and CO:z emissions. These indicators have a significant impact on the transformation
rate of EU member states, but the coefficient of determination (adjusted R-squared) of the regression
analysis showed that these factors only explain part of the differences in the transformation rate,
while other important factors such as proactive government action, quality of research and subsidy
programs for residents may also be significant.

The results of the study were presented in figures (see Figures 1-3) and tables (see Tables 2-5),
which visually display the results of the correlation and regression analysis, as well as a brief
summary of the data. These data show that the positions of EU member states in international
rankings are closely related to the level of EU transport and infrastructure transformation. This
suggests that investments in infrastructure transformation and technological accessibility are
important for strengthening the competitiveness of individual member states and for ensuring an
improvement in the state of the environment in a global context.

Table 2. Correlation Analysis Results No. 1. Compiled by author.

CCPlranking GHG  Renewable  Alternative Cco: Population
energy vehicle
CCl.)I 1.00 0.66 0.54 0.07 0.04 -0.02
ranking

GHG 0.66 1.00 -0.05 0.03 0.09 -0.01
Renewable energy 0.54 -0.05 1.00 0.02 0.09 0.09
Alternative vehicle 0.07 0.03 0.02 1.00 0.27 0.31
CO: 0.04 0.09 0.09 0.27 1.00 0.94
Population -0.02 -0.01 0.09 0.31 0.94 1.00
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Table 3. Correlation Analysis Results No. 2. Compiled by author.
CCPIranking GHG Renewable Alterr}atlve CO: Population
energy vehicle
CC?I 0.1824 0.0000 0.0000 0.0000 0.0000
ranking
GHG 0.1824 0.0000 0.0000 0.0000 0.0000
Renewable energy 0.0000 0.0000 0.0000 0.0000 0.0000
Alternative vehicle 0.0000 0.0000 0.0000 0.0000 0.0000
CO2 0.0000 0.0000 0.0000 0.0000 0.1789
Population 0.0000 0.0000 0.0000 0.0000 0.1789
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Figure 1. Correlation Analysis Results No. 3. Source: own research.

The rank, i.e., the position of EU member state in the CCPI ranking, is significantly correlated
with the GHG index (p < 0.05), but not with population (p > 0.05). After performing the regression
analysis, the following results were obtained.

Coefficients:
Estimate Std. Error t value Pr(>|tl)

(Intercept) 28.370 2.817 1.204 0.18e-16 ***
Dat$GHG -0.654 1.024 -2.156 0.07e-10 ***
Signif. Codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*” 0.05 “.” 0.1 “ ‘1

Residual standard error: 10.264 on 27 degrees of freedom
Multiple R-squared: 0.656, Adjusted R-squared: 0.430
F-statistic: 1.203 on 1 and 27 DF, p-value: < 0.3e-16

Figure 2. Regression Analysis Results No. 1. Source: Compiled by author.

The best model is obtained when the ranking value, i.e. the position of an EU member state in
the CCPI ranking, is predicted based on the GHG indicator relating to gases in the atmosphere that
trap heat and cause the greenhouse effect and global warming (% consisting of GHG per Capita and
GHG 2030 Target, 2023). This suggests that these indicators have a significant impact on the ranking
value.
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Figure 3. Regression Analysis Results No. 2. Source: Compiled by author.

Since the adjusted R-squared value of 0.430 is not entirely low, as the position of EU member
states in the CCPI ranking depends on other factors that were not included in this analysis. A
summary of the results of the correlation analysis is given in Table 4.

Table 4. Summary of the Results of the Correlation Analysis. Compiled by author.

Results Commentary
This result suggests that EU transport and environmental performance
Significant correlation indicators, as measured by the GHG index, are significantly correlated with
between indicators and EU EU member states' positions in the CCPI. This suggests that greenhouse gas

member states' ranking in the  emissions and the level of reductions contribute to environmental protection
CCPI (p <0.05) and the transformation of transport and infrastructure to low-emission ones
within EU member states.

The absence of an effect of population size suggests that country size is not a
key factor in determining the ranking of EU member states in the CCPI
ranking. This highlights that investments in and technologies for
transforming transport and infrastructure are more important than
demographic indicators.

No correlation with
population (p > 0.05)

A summary of the results from the regression analysis is provided in Table 5.

Table 5. Summary of the Results of the Regression Analysis. Compiled by author.

Results Commentary
The best regression
model includes the
Greenhouse Gas

The Greenhouse Gas Emission rate is significant because it is related to the
level of sustainable drives in cars and industry, the proactive steps taken by
member states in terms of sustainability and environmental protection, and

Fm%ssmn (GHG) the level of technological innovation.

indicator:

Adjusted R-squared This median value indicates that GHG indicators explain about 43% of the
value (0.430) variance in the ranking of EU member states in the CCPIL

The “Greenhouse Gas Emission” indicator is statistically significantly predicted by the position
of EU member states in the CCPI ranking. However, considering the mean value of the adjusted
coefficient of determination (R-squared) (0.430), it can be concluded that other important factors
could be included in this analysis. These may include indicators such as the quality of infrastructure,
the charging network of alternative drives within the infrastructure, or subsidy programs for
alternative drives for residents and businesses.
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Based on the research results, it was found that the position of EU member states in the CCPI
ranking is related to the EU transport and environmental indices. The position in the CCPI ranking
can be predicted based on the GHG indicator (% consisting of GHG per Capita and GHG 2030 Target,
2023). This indicator has a moderate impact on the ranking of EU member states. Managing the
transformation processes of transport and infrastructure to reduce emissions is therefore a relevant
and important research direction that affects environmental protection in the global assessment
system. Flexible management allows member states to adapt to constantly evolving technologies and
ensures that individual member states cooperate to achieve a common goal — “European Green Deal”.
The views of scientists on managing the transformation of transport and infrastructure highlight
different but interrelated aspects.

A key part of transport transformation is understanding the transport behavior of citizens and
businesses, to which public authorities should then respond proactively so that the shift to low-
emission transport is desired and positively perceived by society. EU research [1] has found that the
average distance traveled by an active person (aged 15-84) is 34.8 km per day. As a rule, the average
resident makes more than two trips per day. Only 10% of journeys are made by public transport and
18% on foot (usually within 2 km).

Proactive EU countries have noticed this trend and supported the transition to low-emission
transport, public transport, and walking or cycling (in some cities also in the form of bike sharing).
Sweden is a typical leader in climate protection in the EU. In addition to transforming its means of
transport, it also pays great attention to the infrastructure itself. In 2025, Sweden reduced its
emissions by 66% compared to 2010 [81]. Swedish public transport is completely emission-free [82].
In addition to bus, train, and sea transport, this also includes air transport. Fully electric aircraft are
currently being tested. In the field of rail transport, high-speed and hyperloop transport is being
developed. In the field of passenger and freight transport, the road network is currently being
transformed into the eRoadArland system, which charges electric vehicles directly while driving.
Sweden wants to be fully climate neutral by 2045. Helsinki is expected to be climate neutral much
sooner, given the rapid development of technology and support from public authorities. Sweden
prides itself on keeping its citizens informed and involved in the SMART cities concept, including
partial decision-making in various areas. Thanks to this approach, citizens are more receptive to
change and more proactive in their actions. Environmental protection is part of their identity; they
perceive it as a necessity and are informed about it in all aspects of life, which is why they are quick
to accept the transformation of transport with the aim of improving the climate.

At the opposite end of the EEA [75] ranking are Croatia, Lithuania, and Greece. According to
the European Commission [83], the factors common to the above-mentioned countries that are
slowing down the transformation of transport are high purchase prices, lower purchasing power,
insufficient charging infrastructure, lack of or weak government incentives, preference for used
gasoline and diesel cars, and high electricity prices. The strongest factor, although not perceived as
such by the public, is the unresponsive approach of the government and public administration to the
transformation of transport and infrastructure to low-emission. In the countries mentioned above,
the government provides little or no information to citizens about the need for change in
transportation, climate protection, and the benefits that alternative transportation will bring.
Incentives, subsidy programs, electricity price reductions and other mechanisms that could help with
the transformation of transport are minimal or non-existent. Citizens, who generally do not have
sufficient financial resources, therefore do not see the possibility of purchasing an alternative vehicle,
or they see the cost of such a vehicle as too high in relation to the benefits for citizens.

3.2. Application of Low-Emission Transport in EU SMART Cities

Digital inequalities, i.e., denying access to technology to disadvantaged groups, make it difficult
to navigate SMART cities and pose a challenge for all SMART city groups [51]. This orientation also
includes the process of moving effectively through the urban landscape with the help of digital tools
(e.g., individuals can use a comprehensive SMART city system to access public transportation
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schedules, find real-time transportation information, or locate nearby healthcare services through
mobile technology [51].

From the perspective of transport sustainability and climate protection, not only in cities, the
task of balancing differences and achieving social justice in SMART cities involves creating conditions
that motivate all citizens of a given city to actively change, support, and participate. Otherwise, the
prefix "smart" before the name of cities loses any meaningful purpose [51].

The transformation of transport and infrastructure to low-emission modes often requires not
only a proactive approach by the state, but also by individual SMART cities (this applies in particular
to areas with progressive city leadership and the involvement of citizens and businesses in decision-
making in various areas within the SMART city). A typical representative of this group is the city of
Ostrava in the Czech Republic (approx. 300,000 inhabitants). Although the Czech Republic ranks
fourth worst in the EU in terms of the transition to low-emission transport, Ostrava is one of Europe's
leaders in low-emission public transport linked to the SMART city concept (e.g., the option to pay
fares by payment card directly at terminals in vehicles or navigation via the transport company's app
[84]. Ostrava is also expanding the electrification and development of tram transport to other areas
of the city, has a very strong charging network for electric cars, as well as several charging stations
for hydrogen cars. Using the municipal authority app, it is also possible to find the nearest parking
space in the destination area.

Sweden is currently a leader in sustainable transport and the creation of infrastructure in
SMART cities for alternative propulsion systems. The capital city of Stockholm is the most
progressive. Swedish public transport there is almost completely emission-free and will be fully
emission-free by 2030 [82]. In the area of passenger and freight transport, a wider network of
electrified roads is being built, which will recharge electric vehicles while driving (eRoad Arlanda).
As a rule, this is the right-hand lane on these roads. From 2025, only fully electric or gas-powered
vehicles will be allowed to drive in the city centre [85]. With the introduction of this measure, there
has been a massive increase in the number of cycle paths and charging stations for alternative fuels
in the city centre. Stockholm is now investing in the Stockholm Local Transition (STOLT) urban
project, which is building zero-emission microcars that will be used by ordinary citizens for travel
around the city [86].

In addition to shared bicycles, shared electric scooters are currently among the modern, fast, and
low-emission modes of transport in SMART cities. However, not all residents can use these modes of
transport. For disadvantaged groups, such as people without smartphones who cannot unlock a
scooter or bike, or mothers with children in strollers, this type of transport is impossible.

Studies [87,88] agree that the key aspect of the successful transformation of transport to low-
emission transport in European SMART cities is functional legislation and proactive behaviour on
the part of city leaders. In the case of the top five cleanest cities in the EU (in 2024 — Stockholm,
Amsterdam, Vienna, Berlin and Helsinki), this mainly involves the introduction of zones in wider
city centres that only low-emission cars can enter, the development of smart applications to help
ordinary citizens get around the city, the development of cycle paths in city centres, and
transportation for disadvantaged groups of residents in city centres. In this case, disadvantaged
residents include not only those with health and mental disabilities, but also those who are
economically and socially disadvantaged (e.g., mothers with small children who cannot use bicycles
for transportation). In these cases, SMART cities are developing their own means of zero-emission
transport (outside of traditional public transport). These include shared cars (usually electric cars),
autonomous cars, or zero-emission microcars, such as those being developed in Stockholm.

4. Concluding Remarks

Transport transformation is such a complex issue that it must be viewed in context and at various
levels of governance. First, it is necessary to define the key areas that need to be addressed at EU and
the member state level (Table 6) and, at the same time or subsequently, after the successful
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implementation of the relevant challenges, it is necessary to address local/regional challenges at the
SMART cities level (Table 7).

The following table, which evaluates the opinions of academics and the results obtained from
research, presents the challenges associated with the transformation of transport and directions for
further research (see Table 6).

Table 6. Challenges of Transformation of Transport and Infrastructure to Low/Zero-Emission and Direction for

Future Research. Compiled by author.

Direction of Operational

No. Challenges

Possible Research Directions

Research is needed to explore how individual EU member
states can adapt their legislative frameworks to more
Adaptation of Legislation of EU Member effectively integrate new technologies and transform
States transport and infrastructure. This includes process
optimization and developing new competences between
government and responsible authorities.

It is important to develop and evaluate transport
transformation strategies that encompass all transport
Creating Transformation processes including infrastructure. Research could help
Strategies identify best practices and effective methods for
implementing transport transformation in a way that
benefits all EU member states.

Transport and infrastructure restructuring processes
require efficient management of resources, including
financial and human resources. Research could explore
how to better utilize available resources, transform
infrastructure for alternative fuel vehicles, including
charging stations, and ensure that technology
implementation is economically sustainable.

It is important for public administration to inform ordinary
citizens and companies about technological innovations in
the field of transport, about the protection and

Increasing the Availability improvement of the environment, and the long-term

Restructuring of Transport
Infrastructure

of Information and Technology sustainability of transport, including infrastructure.
Research should focus on the efficiency and availability of
information to residents and businesses of EU member
states.

It is important to identify ways to provide support to
Subsidy Programs for Renewable and Low- residents and businesses to implement new transportation
5. emission Sources technologies. This could include subsidy programs, tax
in Transport breaks for residents and businesses, consulting, or other
incentives.

Ensuring the transformation of transport and infrastructure to a low-emission one is one of the
key challenges and priorities of the EGD. In this context, the quality of transport does not only relate
to environmental protection, but also to the competitiveness of EU member states, energy efficiency
and sustainable transport management in EU member states. Transport transformation affects quality
through several interconnected dimensions: enabling more sustainable and low-emission travel,
increasing the availability and diversity of public transport, and supporting innovative technologies
that reduce emissions but are affordable. Moreover, quality is closely linked to the technological
competences of residents and businesses, the adaptability of legal norms, and the strategic integration
of technologies into transport processes. Successful management of transport transformation must
therefore ensure that technological tools are not implemented in isolation, but rather aligned with
transport objectives and supported by systemic institutional changes. This integrated approach is
essential to achieving improvements in transport quality in a technologically evolving environment.
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Studies conducted in other European and global contexts reveal similar patterns and confirm
the importance of transport transformation for improving environmental performance and
strengthening EU competitiveness. For example, Tromaras et al. [89] emphasized that European
transport must be optimized by 2035, without adopting the necessary transformations, including
low-emission transport and infrastructure development, the EU will be uncompetitive, according to
the authors, and the resulting emissions from transport will cause an acceleration of global warming.
Similarly, Pyra [90] emphasized that the decarbonization process of the road transport sector is
necessary for EU member states not only for EGD, but also for competitiveness and the inclusion of
innovations and new technologies in the transport sector. In his research, he focuses on simulating
the decarbonization process for Poland. These findings are consistent with this study, where
indicators such as GHG and partly CO2 showed a significant correlation with the position of EU
member states in the CCPI ranking.

Furthermore, Ortega et al. [91] and Amadori et al. [92] argue that countries with strong digital
policies and transport transformation investments outperform others in terms of competitiveness,
research, innovation and international cooperation. This supports the conclusion that transport
transformation is not just a local challenge, but also a global strategic imperative for efficient and
sustainable transport.

In order to effectively manage the transformation of transport processes, it is essential to further
explore the related issues and opportunities at the regional level (SMART cities). These studies will
not only help to optimize the transport transformation processes, but also to ensure that the transport
system in the EU is ready to face the current challenges and opportunities. Only by thoroughly
analyzing the management aspects can the successful transformation of transport and infrastructure
through technology and innovation be achieved.

In the area of regional transport, especially in SMART cities, different aspects are necessary than
at the national level, since it is precisely in SMART cities and their surroundings that the actual
transformation of transport and infrastructure will take place, while at the EU and member state
level, only framework measures are being implemented. The challenges of transforming transport to
low-emission or zero-emission modes are listed in Table 7.

Table 7. Challenges of Transformation of Transport and Infrastructure to Low/Zero-Emission at the Regional
Level (SMART cities). Compiled by author.

Direction of Operational

Challenges Possible Research Directions

No.

The public needs to be informed about the possibilities and

opportunities offered by low-emission and zero-emission
1. Increasing of Public Awareness transport, infrastructure transformation, and the

integration of the entire concept into a functional whole of

SMART cities/transport.

In order for citizens and businesses to accept the proposed

changes, it is necessary for public authorities to be

’ Proactive Approach of Local proactive and to act as pioneers in the field of transport in
' Public Administration their cities. The use of low-emission transport by public
authorities should be frequently presented to citizens
through various media.
The public administration should find suitable locations for
building charging stations for low-emission vehicles
3 Construction of Necessary (mainly electric and hydrogen cars). It should carry out the
: Infrastructure construction, inform citizens, and subsidize charging

during the initial period (until there are enough users of the
charging stations).

Especially in the early stages of transformation, it is
important to encourage residents and local businesses to
switch to alternative transport. This could take the form of

Subsidy Programs for Renewable and Low-
4. emission Sources

inT t
{n franspor subsidy programs for local businesses, subsidized charging
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at public stations, or the introduction of zero local parking
fees for residents who use low-emission vehicles.

Disadvantaged citizens should be properly informed, have
Support for Disadvantaged access to advice, and be able to use low-emission transport.
Groups Shared electric cars or vouchers for so-called electric taxis
for transport, e.g., to the doctor, appear to be relevant.

Transport in SMART cities and their surroundings should be one of the priorities not only for
city authorities, but also for national and EU governments, as without transport transformation, there
will be a permanent decline in quality of life, worsening air quality, and greater climate change in a
shorter time frame. At the same time, it is important to realize that transport not only affects the
environment, but also the competitiveness of the economy and technological progress, which is why
the transformation of transport should be carried out quickly, efficiently, and functionally across the
EU as a whole, and not just in certain countries.
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Abbreviations

The following abbreviations are used in this manuscript:

SMART Specific-Measurable-Achievable-Relevant-Timed

EU European Union

EGD European Green Deal

PPP Public Private Partnership

ICT Information and Communication Technologies
LGVs Light Goods Vehicles

CNG Compressed Natural Gas

LPG Liquefied Petroleum Gas

LNG Liquefied Natural Gas

CO2 Carbon Dioxide

NO2 Nitrogen Dioxide

PM10 Particulate Matter 10

CcoO Carbon Monoxide

CCPI Climate Change Performance Index
EEA European Environment Agency
GHG Greenhouse Gas Emission
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