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Abstract: According to the United Nations (UN), although cities occupy only 3% of Earth’s surface,
they host more than half of the global population, are responsible for 70% of energy consumption,
and 75% of carbon emissions. All this is a consequence of the massive urbanization verified since the
1950s and which is expected to continue in the coming decades. A crucial issue will therefore concern
the management of existing cities and the planning of future ones, and this was also emphasized
by the UN Sustainable Development Goals (SDGs), especially in Goal 11 (Sustainable Cities and
communities). Smart Cities are often seen as ideal urban environments in which the different
dimensions of a city (economy, education, energy, environment, etc.) are managed successfully and
proactively. So, one of the most important challenges cities will have to face, is to guide citizens
towards a form of “clean” energy consumption, and the dimension on which decision-makers will be
able to work is the decarbonization of transport. To achieve this, electric mobility could help reduce
polluting emissions on the road. Within this research, the strategies that six Smart Cities (London,
Hamburg, Oslo, Milan, Florence, and Bologna) have implemented to encourage the transition to this
form of mobility have been studied. Through a systematic review of the literature (Scopus, Google
Scholar, and Web of Science) and through the study of the main political/energy documents of the
cities, their policies on electric mobility have been evaluated. Then, for each city, SDG 11.6.2 was
analyzed to assess the air quality in the last four years (2016–2019) and, therefore, the effectiveness of
the policies. The analysis showed, in general, that the policies have worked, inducing reductions in
the pollutants of PM2.5, PM10, NO2. In particular, the cities showed the most significant reduction
in pollutant (above 20%) were Hamburg (�28% PM2.5 and �2%6 NO2), Milan (�25% PM2.5 and
�52% NO2), and London (�26% NO2).

Keywords: energy; efficiency; electric mobility; smart cities; London; Oslo; Hamburg; Milan;
Florence; Bologna

1. Introduction
According to the United Nations, by 2030, the number of “megacities” with more

than 10 million inhabitants could be 41, consuming 81% of the world’s resources, while
by 2050, the urban population will reach 60% of the global one and demand of primary
energy could rise to around 1.72 ⇥ 105 TWh (66% of the total) [1,2]. Already today, most of
the Countries of Europe and America are heavily urbanized. About 72% of the European
population lives within an urban center [1], and in some countries, such as the Netherlands,
the urbanization rate reaches 90%. Furthermore, despite cities occupying only 3% of the
Earth’s surface, they host more than half of the global population, are responsible for
two-thirds of energy consumption and 75% of carbon emissions [1].

In 2016, 55% of the world’s population lived in urban areas, and current trends predict
an increase of up to 60% by 2030 [3]. Within rural areas, on the other hand, there are
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about three billion people, and it is expected that this number should remain so until 2050,
while growth should occur almost exclusively within cities [4]. Between rural and urban
areas, there are different pressures due to a highly asymmetrical distribution of economic,
productive, and educational activities (such as company headquarters and workplaces,
universities), which is reflected in the reduction of the supply of local services (shops, post
offices, doctors, and education) leading inhabitants, especially young people, to emigrate
to urban areas. The growth of urbanization, therefore, generates important environmental
problems, including greenhouse gas emissions (GHGs), which affect air quality. For this
reason, one of the main challenges for cities will be to decouple urban development from
the deterioration of the quality of life of their citizens and environmental conditions.

For several years, global policies have been geared towards making cities sustainable
through the efficient use of resources and the promotion of a low-carbon economy. This
context includes global cooperation networks such as “C40 cities Climate Leadership
Group” [5], the “Global Covenant of Mayors for Climate and Energy” [6] and the “Paris
Agreement” [7] which commits the signatory Countries to keep the temperature rise below
2 �C. Furthermore, the key role of cities in promoting sustainability has been recognized by
the UN in Goal 11 (Sustainable cities and communities) of the 17 “Sustainable Development
Goals” (SDGs) (Agenda 2030) [8]. However, the revision of the SDGs shows there are other
objectives that are directly and/or indirectly linked to the sustainable management of
urban centers. Goal three of the SDGs aims to safeguard good health and well-being by
guaranteeing access to quality services and more ways to reduce environmental pollution.
Goal seven of the SDGs is aimed at affordable, reliable, and modern energy services,
increased investment in energy infrastructure and clean energy technology, also relevant
for goal eight and 13 of the SDGs is aimed at environmental conservation, while goal nine
of the SDGs calls for building resilient infrastructure, promoting inclusive and sustainable
industrialization and promoting innovation. Achieving these objectives places political
pressure to identify the appropriate solutions, methods, and tools to decouple the growth
of urban centers from environmental degradation. Furthermore, they provide an excellent
opportunity for cities to put environmental sustainability at the forefront.

“Next cities” will therefore have to be able to face the new needs related to urbaniza-
tion, and one of the main challenges will be linked to the production of “clean” energy.
Currently, much of the global energy production is still largely based on the use of fossil
fuels (74%) [9], and the demand for energy supply has grown over time: Compared to 1750,
carbon dioxide (CO2) in the atmosphere has increased by 43%, and its concentration in
March 2019 was 413 ppm (compared to 280 ppm in the pre-industrial period). In the period
between 1960 and 1970, the growth rate of CO2 was 0.85 ppm per year, while between 2008
and 2017, it was 2.28 ppm per year [10]. CO2 is produced directly by human activities,
mainly from industrial processes (plants to produce energy, waste incinerators) and from
the exhaust pipes of petrol vehicles, which also emit so-called fine dust, including Par-
ticulate Matter (PM2.5 and PM10), Black Carbon (BC), Ultrafine Particles (UFP), Nitrogen
Dioxide (NO2), and Carbon Monoxide (CO). Greenhouse Gases and fine dust contribute
strongly to environmental pollution and are particularly harmful to health: It is estimated
that in Europe, environmental pollution reduces life expectancy on average by 2.2 years,
with an attributable annual mortality rate of 133 cases/year for 100,000 inhabitants [11].
This is no longer sustainable, and in the future, there is a serious risk of precluding the
achievement of the Sustainable Development Goals. Cities will be called upon to face a
series of environmental, social, and economic challenges, and it is within this context that
“smart cities (SC)” are born. A SC is a broad framework of urban center evolution strategies
that incorporate multiple levels of development, including the use of renewable energy,
environmental care, sustainable mobility, bike and car sharing, information sharing, etc.,
and could become a tool in order to meet goals three, seven, eight, nine, 11, and 13. It can be
understood as a place that aims to be economically sustainable, energetically self-sufficient,
and attentive to the living conditions and needs of its citizens in order to guarantee social
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equity, economic benefits, and respect for the environment according to the “triple bottom
line” (TBL) [12].

Based on this approach, it is possible to consider the “smartness” of a city depends on
its ability to create a social structure in which the well-being and quality of life of citizens
are put in the foreground, according to a long-term perspective, in which choices at the
level of the citizen are implemented, also taking care of social and environmental variables,
both for present and future generations. So, a Smart City can help overcome the limits and
contradictions of the current urban development model, characterized by a poor connection
between the different resources available. However, SC should not be seen only as a list of
solutions, but as a multiannual holistic approach, therefore based both on the planning of
projects and investments with a medium-long term time horizon and on the involvement
of multiple stakeholders (citizens, private investors, and local administrations). Given
that private transport within a city has a significant environmental impact, the energy
efficiency of the transport system could improve the well-being, competitiveness, and
sustainability of urban centers. The governance of a smart city could, therefore, consider
the promotion of electric mobility. The objective of this research is to provide a deeper
understanding of how this form of mobility is developing and evolving in some cities in
Europe. A comparison was made between six Smart Cities (London, Hamburg, Oslo, Milan,
Florence, and Bologna), three in Northern Europe and three in Italy. Through a systematic
review of the literature (Scopus, Google Scholar, and Web of Science) and through the
information obtained in their policy and strategic documents (official websites), we tried to
obtain information on how they manage electric mobility. Then, through the analysis of
SDG 11.6.2 (Annual mean levels of PM2.5, PM10, and NO2) between 2016–2019, we tried
to understand whether these policies were effective or not. The six cities were chosen
because they are Smart Cities that have adopted policies, strategies, and official documents
(published in the last five years) specifically linked to decarbonization and sustainable
transport, with the common goal of being carbon neutral by 2030–2050. Other cities with a
similar reputation can be considered in a later study. The paper is organized as follows.
Section 2 presents an overview of electric mobility. Section 3 presents a review of the
main measures in support of electric mobility implemented in recent years by the cities
considered, based on the existing literature and their main strategic and policy documents.
Section 4 deals with the discussion about the effectiveness of the policies of the six cities, as
well as the possible environmental problems related to electric mobility, followed by the
conclusions in Section 5.

2. Efficient and Non-Polluting Transport Systems: Electric Mobility (e-Mobility)
More than 80% of the global urban population is exposed to higher levels of air pollu-

tion than those recommended by the World Health Organization (WHO) [13]. One of the
main causes of global air pollution is automotive. Combustion vehicles are responsible for
emissions of Particulate Matter (PM2.5 and PM10), Black Carbon (BC), Ultrafine Particles
(UFP), Nitrogen Oxide (NO2), and Carbon Monoxide (CO), which are harmful to human
health. Globally, road transport is responsible for 30% of NO2 emissions, 10% of total PM,
54% of CO, and urban mobility accounts for 40% of all CO2 emissions of road transport and
up to 70% of other pollutants from transport [14–16]. To curb this trend, transport policies
have been given priority in national and international Agendas, recognizing the urgent
need to accelerate the transition to mobility models to ensure environmental sustainabil-
ity, system efficiency, and cost-effectiveness for end-users, as well as implementing the
industry’s broader modernization and technological development processes. In this regard,
the European Parliament has issued Regulation (EU) 2019/1242, which sets CO2 emission
standards, especially for heavy vehicles, with the aim of reducing global emissions by
2040 [17]. In particular, the will is to cut about 54 million tons of CO2 between 2020 and
2030 and 170 million tons of oil between 2020 and 2040 [18]. To achieve these objectives, the
transition towards sustainable and decarbonized mobility, with the gradual replacement of
traditional vehicles powered by fossil fuels, could be an effective solution, thanks also to
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the thrust of technological evolution linked, above all, to electric mobility. In fact, electric
vehicles (EV) are particularly advantageous environmentally in the implementation of a SC;
they are much less polluting because they do not emit carbon dioxide, NO2, non-methane
hydrocarbons (NMHC), or PM.

In addition, they are silent and do not produce vibrations, a perfect feature in residen-
tial areas [18], although sometimes, this particularity can represent a danger to the safety of
pedestrians [19]. The concept of “electric vehicles” is broad; in this study, it was considered
for only electric cars.

2.1. Literature Background
Electric mobility is part of a broader framework of “sustainable mobility”, i.e., a

set of modes of travel (and in general an urban mobility system) capable of reducing
environmental, social, and economic impacts (atmospheric and acoustic pollution, road
congestion, accidents, degradation of urban areas caused by the space occupied by vehicles
at the expense of pedestrians) generated by private vehicles. Currently, the state of the art
of electric mobility has about 49,500 documents (Scopus), with a growing trend over the
last ten years. The articles are distributed among 60 Countries in which dominate four
Countries: USA (22% of the total), China (11%), Japan (10%), Germany (9%). In general, the
first studies related to e-mobility date back to the mid-1960s and mostly concern advances
in electric vehicle batteries, e.g., Hender [20]. Until the end of the 1980s, research on
electric mobility was quite scarce, with ~4400 articles only (10% of the total). This is most
likely because technological advances in automotive brought the reliability, performance,
and comfort of petrol vehicles have reached such a level that the subsequent commercial
success relegated electric vehicles to very few niche sectors. Since the late 1990s, the
surge in demand for laptops and cell phones (with consumer demand for larger, brighter
screens and longer-lasting batteries) has led to research and development of new battery
technologies. The electric vehicle market has benefited greatly from the advances made,
particularly from research on lithium-based batteries. Hence, studies regarding electric
mobility have increased accordingly. Currently, most of the documents regarding electric
vehicles are in the engineering area (about 50% of the total), reflecting efforts to advance and
improve existing technologies, such as Lee at al. [21] and Venu et al. [22] studies. However,
documents regarding electric mobility also cover many other research areas. For example,
environmental sciences, where Lave et al. [23], Requia et al. [24], and Batista et al. [25]
investigated the implications of electric vehicles on the environment and human health. Or,
social sciences, where Tanaka et al. [26] and Nur [27] evaluated the influence of sustainable
transport on society and the environment, Sovacool [28] examined the relationship between
plug-in hybrid electric vehicles (PHEV) and public health benefits while Formànek and
Tahal [29] analyzed the socio-demographic aspects that influence the perception of EVs.
But also, economy and business, and in this regard, the impacts of electric vehicles and their
additional services on the business models of car manufacturers [30] and on the insurance
sector [31] have been studied. And finally, computer science, where Höhne and Tiberius [32]
formulated the most likely future scenarios for the use of blockchain technology within the
next 5–10 years in the electricity sector, while Zeng et al. [33] have formulated algorithms for
the optimization of charging infrastructures on the basis of travel data. The transversality
of the research areas is, therefore, a testimony of the growing interest in electric mobility
and how it can positively impact different sectors, helping to advance scientific knowledge
in a multidisciplinary way. Electric mobility is usually discussed by place or city, and many
authors emphasize the importance of government and financial incentives as well as a
greater deployment of infrastructure as essential requirements for its full development.
For example, Li [34] compares the adoption of electric vehicles (EVs) in Brazil and China,
demonstrating how political incentives, including reduction or abolition of car taxes, are
important for the growth of electric vehicles. Lazaroiu et al. [35] are of the same opinion
and added that electric vehicles will have to achieve near-zero cost parity with combustion
vehicles and provide services (such as charging comfort) so that prosumers do not consider
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them inferior or comparable to combustion vehicles. Other authors, including Bakker and
Trip [36], Lieven [37], and Ewert et al. [38], confirm that the promotion of electric mobility
is encouraged by investments in charging infrastructures. Rietman et al. [39] studied
government measures promoting electric mobility in 20 Countries, concluding that states
with high purchasing power have a higher share of the electric vehicle market. Furthermore,
the study highlighted the need for collaboration between the public and private sectors
in order to promote electric vehicles. Another study was conducted by Cansino et al. [40]
in which the authors focused on measures to promote electric mobility within the EU28.
According to [40], the most important policy tools for promoting electric vehicles are
fiscal and infrastructure measures as well as financial incentives for the purchase and
support of research and development projects. Research were then conducted on trends,
policies, challenges and opportunities in the electric mobility sector in various Countries:
Singapore [41], Germany [42,43], California [44,45], Qatar [46], Italy [47], Norway and
Canada [48], Greece [49], Australia [50], France [51], Lithuania [52], Japan and South
Korea [53], and Pakistan [54].

2.2. Electric Mobility Worldwide
From a “numerical” point of view, globally, the electric car market has grown signifi-

cantly over the past four years. Considering both Battery Electric Vehicles (BEV), i.e., cars
featuring an electric engine (powered by batteries) and Plug-in Hybrid Electric Vehicles
(PHEV), i.e., cars featuring both electric and internal combustion propulsion, the number of
electric cars in the world is over 7.5 million, of which more than 2.2 million cars were sold
only in 2019. Although this still represents a limited percentage of the total number of cars
in circulation globally, the fleet of electric cars on the road grew approximately 20 times
between 2013 and 2019, as shown in Figure 1.
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Figure 1. Growth of the electric car fleet (battery electric vehicles (BEV) + plug-in electric vehicles
(PHEV)) circulating on the road worldwide, 2013–2019 [55].

Globally, the People’s Republic of China is the largest electric car market. This is
confirmed by the fact that in 2018, 45% of electric cars were circulating only here [56].
China also sold around 1.1 million cars in 2019, holding a 50% market share [18]. The
United States is far behind, and with 326,640 cars registered in 2019, it held a market share
of 15.5%, as shown in Figure 2. It can be seen how the largest market share of electric
cars is held by countries with high purchasing power and seems to confirm the study by
Rietman et al. [39]. However, a high income may not necessarily be a condition that favors
the purchase of an electric vehicle.
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In this regard, according to research by Sotnyk et al. [58], in fact, it is shown that in
the US, the increase in family income does not positively affect sales of electric cars due to
the limited information on the advantages deriving from electric mobility. Thus, income is
certainly a condition that can help, but it is not the only variable that affects market share.
Sales of electric cars, in fact, also strongly depend on the level of education, on the degree
of countries preparation for a certain technology, on cultural factors (for example cars in
some countries symbolize social status, they give pleasure to driving and mobility habits
are deeply rooted in national cultures), by monetary and political incentives, but also by
the choices (and research and development) of national car manufacturers. For example,
China’s leadership could stem from the fact that e-mobility was seen as an opportunity
to improve the underwhelming local automotive and to embark on a growth path based
on knowledge and innovation as well as considerable experience in the production of
lithium-ion batteries for electronic consumer goods. Therefore, the way in which electric
mobility spreads and is reflected in sales also strongly depends on local specificities and
not only on income.

At the European level, the most “virtuous” country is Norway. With a population
of ~5.3 million people, out of a fleet of ~2.6 million vehicles, electric cars are estimated to
be ~280,000 by 2019. Furthermore, in the first half of 2020, nearly 50% of all new vehicles
registered were fully electric [57]. To encourage electric mobility, Norway has introduced
some measures such as direct incentives (the 25% reduction in the value added tax (VAT)
on the purchase of an electric vehicle), indirect (free access to parking), and the “Polluter
Pays” discourages the purchase of gasoline vehicles by introducing higher annual taxes
for the most polluting vehicles. Other European players particularly attentive to electric
mobility are the UK (~340,000 electric cars in circulation), Germany (~167,000) [59], which
share the adoption of direct purchase incentives (between †4000 and †6000), and Italy.

In the UK, the “Climate Change Act” was approved in 2008 with the aim of reducing
GHG emissions by 80% (in comparison to 1990 levels) by 2050, and it is recognized that
effective decarbonization of the transport sector will play a large role in achieving this
goal [60]. For this reason, the UK is firmly aiming for electrified mobility. In 2016 the
UK implemented a strategy for electrification called “Road to Zero” [61]. Through this
strategy, which is preparatory to the stop to the sale of diesel cars by 2040 announced by
the United Kingdom [62], the government intends to “make the UK the best Country in
the world for those who own an electric car and for those who want to produce them“.
1.5 billion pounds have been allocated to incentivize electric vehicles, of which 400 million
is intended exclusively to finance the expansion of the charging network. The goal is to
bring the market share of electric vehicles to over 50% by 2030. Hence, the government will
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work alongside industry, business, academia, consumer groups, environmental groups,
and international partners to enable synergistic development of electric mobility.

Germany, for the rise of electric mobility, has long recognized the need for collaboration
between public and private sector stakeholders to promote electric cars. In this regard,
the National Electric Mobility Platform (Nationale Plattform Elektromobilität) [63] was
established in 2010, an advisory council of the German federal government composed of
the highest representatives of industry, politics, science, associations, and trade unions.
Recently, the German government coalition, as part of a package of measures worth
130 billion aimed at supporting the economy hard hit by the effects of the COVID-19
pandemic, agreed on a plan for the automotive sector with the aim of facilitating the
growth in demand for electric vehicles. This plan should include more than 2.5 billion
euros of public funds entirely dedicated to incentives (which will be extended until 2025)
for the expansion of the charging network and to produce batteries. Besides government
support, Germany, being one of the largest car manufacturers [64], is heavily dependent on
the automotive and therefore the spread of electric cars is also supported by the choices
of car manufacturers, including BMW, Audi, Volkswagen, and Mercedes, which in recent
years have become more active in promoting electric vehicles [65] and all have plans to
move further towards electric mobility [66]. In Italy, in the first nine months of 2020,
although the global automotive was hit by the effects of COVID-19, registrations of electric
cars continued to grow strongly. The data concerning Italian electric mobility are collected
by Motus-E, a consortium founded by six partners (Ald Automotive Italia, Abb, National
Collection and Recycling Consortium, Enel X, Polytechnic of Milan, Volkswagen Group)
which were born to develop electric mobility to create a common platform for dialogue
between all the players in the supply chain. As for the diffusion of electric vehicles in
Italy, the car fleet (September 2020) is made up of about 70,000 vehicles (0.18% of the
total) [59,67]. There was an important increase between September 2019 and September
2020; despite the global pandemic, which caused a global crisis and a drop in consumption,
within 12 months, there has been an increase in registrations of electric cars by 156%, as
shown in Figure 3.
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contributions to the purchase of a maximum of †6000 and an “Ecotax” which is charged to
all new registrations whose emissions exceed 160 g/km CO2 [68]. Secondly, the increase
in charging infrastructure. As can be seen from Table 1, between September 2019 and
September 2020, the total number of charging stations has increased from 3682 to 8467
(+130%) [59], greatly affecting the sale of electric cars, especially in the North of Italy.

Table 1. Percentage change in charging stations and electric cars in Italy, September 2019–September
2020 [59].

D Charging Station D Electric Cars

Northwest +66% +182%

North East +118% +151%

Centre +42% +132%

South +29% +188%

Islands +44% +259%

Total +130% +157%

However, in Italian regions, both the spread of electric cars and the spatial density of
the columns are quite unbalanced, and this greatly influences the regional distribution of
cars. In the first nine months of 2020, in fact, 69% of newly registered cars are in the North,
where there is the largest share of charging columns (56%), as shown in Table 2. Regarding
the charging columns, it is important not only their diffusion but also the power of delivery.
Considering the total of charging points, 23% have a power of less than 3.7 kWh, 3%
between 3.7–7.4 kWh, 71% between 21–43 kWh, and another 3% between 44–100 kWh [59].
In Italy, the high-power charging points, which ensure faster charging times, are still too
few. This could be a further obstacle to the spread of electric mobility in some particularly
“frenetic” cities where people cannot waste too much time charging the car, preferring the
“speed” of traditional supplies.

Table 2. Regional distribution of charging stations and electric cars in Italy, September 2020 [67].

Total Charging Columns (Data
at 30 September 2020)

Electric Cars Registered in 2020 (Data
at 30 September 2020)

Northwest 30% 28%

North East 26% 41%

Centre 26% 24%

South 10% 4%

Islands 8% 3%

3. E-Mobility Strategies Overview of European Smart Cities
3.1. Material and Methods

For a more in-depth understanding of electric mobility in Europe, the policies imple-
mented by six Smart Cities were analyzed. Three SCs from Northern Europe and three
Italian SCs were chosen. The cities are Oslo, London, Hamburg, Milan, Florence, and
Bologna. The reasons for choosing these six cities are as follows. Oslo and Hamburg were
chosen mainly because they are two of the few cities that have adopted an explicit energy
strategy document (“The Climate and energy strategy” for Oslo and “Hamburg Climate
Plan” for Hamburg). The peculiarity of these documents is that they are binding; that
is, they legally commit the two cities to decarbonize and improve the supply of energy
from renewable sources. Both strategies place a strong focus on transport and accessibil-
ity, urban form, and energy infrastructures, trying to work in a multidisciplinary way to
implement a “green change”. London was chosen because it has already made efforts
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to drive and regulate smart and electric mobility, clearly defining the role they expect
them to play in achieving their long-term sustainable transport goals, published in official
documents over the past five years. Milan, Florence, and Bologna were chosen as the
top three smart cities in the “ICity Rank 2019”, the Italian ranking of the most intelligent
cities [69]. The research was conducted through both a systematic review of the e-mobility
literature within these six smart cities and through the study of their policy and strategic
documents. The literature review was conducted through the choice of seven keywords:
electric, electric mobility, electric vehicles, vehicles, transport, smart city, and smart. Then,
we used Scopus, Google Scholar, and Web of Science, and in the search string, these words
were individually associated with each of the six cities. Literature was selected based on
some inclusion criteria:
⇧ Publication status: In press and final
⇧ Only peer-reviewed items
⇧ Type of publication: Conference Paper, Article, Review, Book Chapter. The following

were excluded: Editorial, Note, Book Short Survey, Letter, Erratum, Data Paper,
Undefined.

⇧ Language: Publications written only in English.
⇧ Year: 2010 onwards
⇧ Documents that are only relevant to the search string.

A total of 4723 studies were evaluated, and 40 articles that met the inclusion criteria
were selected. Only the articles dealing exclusively with the policies implemented by
the local administrations of the cities regarding electric mobility in the last ten years
(2010–2020) were considered. Policy documents, information, and data on policies to boost
electric mobility were retrieved from secondary sources such as local authority websites.
Finally, to determine the effectiveness or ineffectiveness of the various policies, it was
assessed whether there had been an improvement in air quality for cities by monitoring
indicator 11.6.2 (Annual mean levels of PM2.5, PM10, and NO2 in cities) in the last four
years (2016–2019).

3.1.1. Oslo
Oslo (680,000 inhabitants and a density of 15 inhabitants/ha) over time has made

significant progress towards environmental sustainability and energy efficiency. First, it
is one of the few cities that, in 2016, published an explicit energy strategy document (The
Climate and Energy Strategy) [70,71]. This strategy, compliant with the Paris agreement
and in line with the “National Transport Plan” (2017) [72], provides the transition to an
energy system powered entirely by renewable sources. The goal is to reduce greenhouse
gas emissions (compared to 1991 values) by 50% by 2020, by 95% by 2030, and to zero
them in 2050 [73,74]. In this regard, zero-emissions or “carbon neutrality” means the
achievement of an equilibrium between emissions and carbon absorption, or the situation
in which the balance of emissions released into the atmosphere is less than or equal to
zero. To reduce emissions and achieve carbon neutrality, one could offset emissions in
one sector by reducing them in another or simply eliminate carbon dioxide emissions
altogether by investing in renewable energy, energy efficiency, or other clean technologies.
Therefore, it will be necessary to create a more efficient energy supply system through an
approach based both on increasing the supply of renewable energy and on the simultaneous
reduction of energy demand [73]. A coherent economic policy should moreover be based
on improving net energy efficiency, i.e., the energy that remains for the rest of society after
spending the energy necessary to extract, refine, and deliver it. This would produce an
increase in “Energy Return on Investment (EROI)” (the energy we get from a particular
“investment” of a unit of energy). The higher the EROI of an energy source, the cheaper
it will be both in energy and financial terms, and more energy will remain for the rest of
society to use. This efficiency improvement affects all sectors, including transport. In this
regard, Oslo, as a member of the C40 Cities, to reduce dependence on fuels, has decided to
implement some strategies. First, starting from 2004, “Vulkan” was built, a new district
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was born following the transformation and revitalization of a former industrial area of
1.6 hectares west of the Akerselva river. This area, a true example of sustainable urban
development, responds to the desire to create a highly energy-efficient district and is based
on the idea of sharing land and resources. Inside it has a car park that can currently
accommodate 102 electric vehicles, with as many columns, and it is the largest charging
station in Europe [75]. Then, between 2008 and 2011, more than 400 charging points on
the road (100 charging points per year) were installed in Oslo [76]. In four years, both
accessibilities to charging stations on the road (in residential and commercial areas) and
the popularity of electric vehicles have increased. Within a decade then, there is the will
to ensure the trams and buses that will circulate will only be electric (and in this regard,
an increase in the charging power of the stations is planned, thanks to which they could
be recharged in eight minutes while they are stops at the terminus). Finally, in a broader
framework of improving environmental sustainability, in 2016, Oslo made the decision to
ban cars (of any kind) in the city center by 2019, when the decision came into force [77].
Oslo’s plans also include the implementation of a pedestrian zone within the city’s central
ring road, along with other complementary proposals, such as the introduction of new cycle
paths, traffic pricing at peak times, and parking restrictions [78]. Thanks to its forward-
looking policies on electric mobility and more generally on environmental sustainability,
in 2018, Oslo was named the world capital of electric cars by the International Council
on Clean Transportation (a US non-profit organization that provides technical-scientific
analysis to environmental regulatory authorities), while in 2019, was nominated as the
“European Green Capital” an award given each year by the European Commission to a city
in Europe that has managed to distinguish itself particularly in the field of environmental
protection and economic development sustainable. These policies, however, fall within a
broad framework of precise strategies pursued at a national level aimed at favoring the
least polluting vehicles and penalizing the most polluting ones. These strategies have
been implemented since the 1990s. In particular, the most important are the possibility of
not paying road tolls (1996), the exemption from paying VAT (2001) and the registration
tax (2003), access to preferential lanes, and the possibility of parking for free throughout
the municipality (2004) [79–81]. These incentives obviously correspond to a considerable
saving, so much to discourage Norwegians from using petrol or diesel cars, inducing them
to buy electric vehicles. In addition, it is important to underline that a great help is given
by electricity prices in Norway, which are the cheapest in Europe especially thanks to the
abundant hydroelectric resources at its disposal, resources that in 2015 contributed 96% to
the electricity of the whole Country [82]. Oslo aims to implement a safe transport system,
which promotes economic growth and helps the transition to a low-emission society, and its
horizons include the desire to ensure that newly registered vehicles (cars, commercial vans,
and buses) are exclusively zero-emission by 2025, with the idea of completely banning the
presence of motor vehicles within the same year. Thanks to forward-looking, ambitious,
and favorable policies, both Oslo and Norway have currently achieved important results in
terms of sales. Norway is the country with the highest percentage of BEVs compared to the
total number of cars on the road; at the end of 2018, it had around 190,000 battery electric
vehicles (BEVs) and 90,000 plug-in hybrids (PHEVs) on its roads. In 2018, the market share
of all new private cars was 31% BEV and 17% PHEV, respectively [73]. Oslo, on the other
hand, has the highest market share: in 2018, the share of BEVs in the car fleet was 13%.

3.1.2. London
In London (8.9 million inhabitants with a density of 57 inhabitants/ha), due to the large

number of people, the transport system faces high pressures: during peak hours, public
transport operates almost at capacity traffic congestion often corresponds to stationary
traffic hours, with repercussions on both people and the environment [83]. In this regard,
it is estimated every year in London, the number of deaths caused by NOX and PM2.5
is on average about 9400 people [84]. In addition, according to data from Transport for
London (TFL), the company responsible for public transport in Greater London, in 2017
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the transport sector contributed 54% of the city’s total particulate matter [85]. According
to the Greater London Authority (GLA), the public body composed of the mayor and
the 25 members of the City Assembly and which administers London, the capital of the
United Kingdom, will be destined to become a megalopolis will host 9.84 million people
by 2031 and 10.11 million by 2036 [86,87]. As a result, the increase in population will be
accompanied by an increase in the number of cars, and thus by an increase in emissions. In
order to avoid a further increase in mobility, the British capital administration is seeking to
implement a series of commitments aimed at the decarbonization of transport, trying to
convert the car fleets so that they are as clean and efficient as possible. Since his election
(2008), the former mayor of London, Boris Johnson, has given a high priority to stimulating
the electric vehicle market, to pave the way for their mass commercialization. Between
2009 and 2014, the mayor was involved in some initiatives. First, he launched the “New
Bus for London” competition, which gave the winner the opportunity to design a new
high-efficiency bus that would be part of the city fleet [88]. In 2011, he launched “Source
London”, the first network of recharging points in the city, thanks to the collaboration
between a consortium of public and private operators [88]. This network, 50% funded
by the Department of Transportation, initially provided 150 charging points across the
capital with plans to expand coverage to 1300 charging points by 2013. As of 2019, over
1000 charging points were available, with plans to install an additional 2000 by the end of
2020 [89]. Then in 2013, Boris Johnson supported the “Green Bus Fund”, a loan from the
British government which in total made 87 million pounds available for the purchase of
1200 new low-emission buses in England, purchasing only 350 in London [88]. Through
electric buses, there is the possibility to cut CO2 emissions by 13% compared to combustion
buses [90]. However, these initiatives implemented by successive administrations were
not enough to reduce polluting emissions, and unfortunately, the crisis still prevails. In
2018, the number of private cars in the capital had reached about 2.7 million vehicles [91],
and currently, London’s air quality is still considered the worst among European cities [92].
The UK has been threatened with sanctions if it fails to reduce air pollution emissions by
2050 in some cities [93], which is why it is already considering banning diesel vehicles
by 2040 [94]. Therefore, with the forecasts of an increase in population and urbanization,
new transport policies that are even more effective and compliant with the challenges that
London will have to face will be required so that the system can sustainably meet the new
needs the city will have to meet. Due to the air pollution situation, the current Mayor of
London, Sadiq Khan, in May 2018 published the “London Environmental Strategy (LES)”,
a document whose goal is to make London a zero-carbon city by 2050 [95].

The section on climate change can be summarized in three sub-objectives: (i) reduce
emissions in homes and workplaces, (ii) develop energy generation systems that are
clean and smart, based on local and renewable sources, and (iii) develop a zero-emission
transport network. Regarding the latter objective, the LES, in the section dedicated to
mobility, aims to eliminate the emissions of the Greater London Authority’s car fleet by
2025, those of bus fleets by 2037, those of most public transport by 2040, those of all means
of transport by 2050, becoming a zero-carbon city [96,97]. London also aims to be the
European capital of “Ultra-Low Emission Vehicles (ULEVs)”. UK government defines
ULEVs as vehicles (cars or vans) with tailpipe carbon dioxide emissions of 75 g/km or less.
It means that only hybrid or fully electric vehicles can meet this standard. Consequently,
London administration in April 2019 gave way to the “Ultra Low Emission Zone (ULEZ)”.
This is a charging system has partially replaced the “London Congestion Charge (LCC)”,
a tariff introduced in February 2003 charged on most cars and motor vehicles driven
within the “Congestion Charge Zone (CCZ)” which coincides with the center of London
(21 km2) [97–100]. ULEZ covers the same area, but instead of being valid between 07.00
and 22.00 as the LCC, it applies 24/7. All vehicles must meet ULEZ emissions standards,
or their drivers must pay a daily fee (£12.50 for all vehicles <3.5 t, £100 for vehicles >3.5 t,
including trucks, buses, and coaches). Since its introduction, between July and September
2019, it resulted in a �29% reduction in total emissions compared to the period in which the
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ULEZ was not active [101]. From 2021 it will be expanded to cover the entire inner-city area
up to, but not including North Circular Road (A406) and South Circular Road (A205) for a
total of 319 km2, affecting 3.5 million inhabitants. ULEZ joins London’s “Low Emission
Bus Zone”, created in 2016. These are areas in which only buses with engines that meet
the highest Euro six emission standards can circulate. Priority was given to areas where
the control units reported the worst air quality outside of central London and where buses
contribute significantly to road transport emissions. To drive the deployment of ULEVs by
the end of 2020, the UK government is offering grants through a program called the “Office
of Low Emission Vehicles (OLEV)”, thanks to which London has received £13 million in
funding with the aim of installing 1000 charging points in all districts of the city [96].

3.1.3. Hamburg
In Hamburg (1.8 million inhabitants with a density of 24 inhabitants/ha) it is expected

within 10–15 years there will be a 5% increase in its population (reaching 1.9 million
people), with a consequence that its mobility needs and the volume of its vehicular traffic
will also increase [102]. Overall, Hamburg has an integrated and participatory planning
strategy coupled with a strong commitment to a sustainability vision. As a great European
metropolis, in fact, Hamburg, over time, has wanted to send strong signals to show how
cities can have effective strategies and measures for climate protection and adaptation. For
decades, Hamburg has been pursuing progressive policies aimed at environmental issues,
which is why, in 2011, it was recognized by the European Commission as the European
Green Capital [102]. To facilitate the transition to a more sustainable and environmentally
friendly mobility system, Hamburg’s transport sector has undergone substantial changes
over time. In detail, Hamburg has a strong commitment to advance electric mobility,
both public and private. First, starting from 2013, the city launched the “eco-taxi” project,
which provides for environmental labeling for taxis, i.e., the possibility of using the slogan
“Hamburg Eco-Taxi” and the “European Green Capital” logo [102]. Then, in 2014, it was
established that all public offices in the city should only purchase electric vehicles [103].
Between 2014 and 2015, the Hamburg Senate also issued two important action plans. The
first is the “Master Plan of Public Charging Infrastructure” (2014) [104], which provides
for the expansion of publicly accessible charging infrastructures (of which more than
1000 are available by 2020). The second, issued in 2015 and updated in 2019, is the
“Hamburg Climate Plan” [105] and includes a series of measures for the restructuring and
decarbonization of the city’s activities. In detail, this climate plan describes the activities
most responsible for emissions, and from this, it emerges that the transport sector is the one
in which it is necessary to adopt the most urgent measures in the coming years. The goal
of the city will be to reduce CO2 emissions from 1990 levels by 55% by 2030 and to reset
them by 2050 so that Hamburg can become climate neutral [105]. The main areas concern
the increase of environmentally friendly transport systems, the systematic correlation
between renewable energy and transport engineering, and the increase in the percentage
of low-emission cars on the roads compared to the total of all new vehicles. registration:
10% by 2020 and 30% by 2030 [103]. A key factor within the Hamburg Senate action plan
is to consider the ecological aspect when replacing vehicles, both public and private. In
this regard, the plan sets the goal of increasing, by the end of 2020, the share of private
and public electric vehicles to 50%, and the number of commercial vehicles from 17% to
20% [103]. Thanks to the progress made by Hamburg in terms of sustainable mobility,
in 2016, the city obtained, together with Helsinki and Nantes, the status of “lighthouse
city” by the EU within the framework of the mySMARTLife project [106]. Lighthouse
cities are characterized by using various intelligent solutions that aim to reduce CO2
emissions, promoting the use of sustainable energy to improve their citizens’ life quality. In
Hamburg, the demonstration area of the project is located in Bergedorf, a district of about
130,000 inhabitants, and the interventions include four sectors, including the promotion of
electric mobility through the purchase of electric vehicles (buses, cars, and bicycles) and
the extension of the charging network [106]. Currently, the main measures to encourage
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electric mobility in Hamburg concern an incentive of up to †9000, the possibility of free
parking within the city, and exemption from vehicle tax for ten years [105]. The focus on
sustainable mobility has finally converged in the “Hamburg Climate Protection Act” [107],
a law promulgated in February 2020, which recognizes the limitation of global warming as
a national goal in the constitution of the state of Hamburg. Following this, as a framework
for action to achieve this goal, it initiated an “electrification” of its bus fleets. In this
regard, the two public transport companies of the city, Hamburger Hochbahn AG and
Verkehrsbetriebe Hamburg–Holstein have already started to electrify their fleets and build
the necessary charging infrastructure (the intention will be to replace 1500 buses and build
eight depots by 2030) [108,109]. This is further facilitated by the fact Hamburg is structurally
an industrial city that is home to many battery and electric vehicle manufacturers [110,111].
A further step forward for the development of electric mobility within the city will be to
strengthen cooperation between all stakeholders (public and private). Therefore, about the
city of Hamburg, the necessary measures should not only include the improvement of the
charging infrastructure and incentive measures for the conversion or switch to electrically
powered vehicles, but also, for example, the creation of strategic partnerships. This context
includes the agreement between the Volkswagen Group and the city of Hamburg through
which the parties intend to shape sustainable urban mobility by working towards the use of
electric vehicles (cars and buses). As part of this partnership, the German car manufacturer
has delivered to 50 citizens, entrepreneurs, and employees as many electric cars, the use
of which is supported by the Federal Ministry for Transport and Digital Infrastructure,
as part of the e-Drive Hamburg program. 2018. The aim will be to make them travel
about 1.5 million km to demonstrate that sustainable urban mobility is possible. Thanks to
the interventions implemented over the years, the CO2 emissions of the city of Hamburg
(which in 1990 were about 20.7 million tons) have progressively decreased since 2012, with
an annual average of over �400,000 tons of CO2.

3.1.4. Milan
Within a working day, the metropolitan area of Milan (which has 3.2 million in-

habitants, 20 inhabitants/ha) is affected by 7.5 million trips (80% by inhabitants, 20%
by external people, for a total of 3.8 million people), consuming a total of 719 toe/a for
transport, with a preponderant share of fossil fuels (647 toe/a) and lower consumption
of electricity (71 toe/a) [14]. Milan is currently the Italian city with the largest number of
charging stations, and according to a study by the Dutch company LeasePlan [112], it is
also the city in which most (about 25%) of the Country’s total electric vehicles circulate.
These numbers are not accidental, but they are part of a broad rethinking framework of
its mobility the city has been carrying out for years. In fact, according to Legambiente,
Milan is one of the most polluted cities in Italy (also due to its position within the Po Valley,
which due to its geographic location, is subject to the accumulation of fine dust) [113] and
it is trying to develop sustainable strategies to reverse this trend. In this regard, to plan
an energy-efficient, effective, and environmentally friendly urban mobility, the incentive
of electric mobility is one of them. As can be read in its “Urban Plan for Sustainable
Mobility (PUMS)” [114], a strategic plan with a short, medium and long-term time horizon,
which develops a vision of the mobility system, first of all, as regards private transport,
the first intervention was to provide for the strengthening of the number of electricity
columns in the city. In addition, the Municipality has issued a detailed guideline to allow,
at very favorable economic conditions, the installation of charging infrastructures within
public areas [115]. Secondly, electric cars are exempt from paying the vehicle tax for five
years [116]. There were also incentives for the purchase of electric cars (July 2020), up
to †1800 for the purchase of electric scooters, †1500 for the purchase of electric bicycles
or pedal-assisted bicycles, †9600 for electric cars, and †6000 for hybrid cars [116]. But
the most useful measure for electric mobility implemented to limit private traffic in the
historic center and the air quality in the city was to insert a congestion charge (similar to the
London one and existing in a few European smart cities) to be paid within an area called
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“Area C” [117–121]. This area extends for about 10 km2, and within it, the circulation of
Euro zero petrol vehicles and pre-Euro four diesel vehicles is prohibited, while a tariff of †5
per day is applied for diesel and petrol vehicles from †4 to †6. Electric vehicles are exempt
from the daily rate for access to Area C, and in addition, they can park and park for free in
the paid parking areas within it and throughout the city [115]. The limitations provided
for Area C have been able to reduce the negative externalities generated by traffic, such as
accidents, congestion, and emissions [118]. The intention will be to transform this area into
a “Zero Emission Zone”, in which to allow circulation only to zero-emission vehicles [122].
For this condition to be met, access will be allowed only to electric vehicles.

About public transport, as can be read from the urban sustainable mobility plan, an
important investment plan will be developed in the coming years to dispose of the 1335
diesel buses and completely replace them with 1200 “full electric” buses. In this way, it
is possible to avoid the current consumption of 30 million liters of diesel per year [114].
In addition, the various depots of the old diesel buses will be transformed into new, fully
electric hubs. This plan provides for the desire to reach 2028 with the fleet of rubber, which
will be 80% full electric and 20% hybrid [114]. The goal will be to get to 2030 and ensure
that the road fleet is 100% fully electric. In this regard, Brenna et al. [18] compare the energy
consumption of two buses that run on two routes within the city of Milan; one electric
battery (e-bus) and one diesel, showing that it is possible to obtain significant advantages
in terms of harmful emissions avoided. By using an e-bus instead of a Euro five diesel,
a potential CO2 saving of 524 g per kilometer traveled can be achieved. Thanks to the
massive installation of high-power charging stations in Milan, the e-bus, if recharged at
each terminus, allows the charging time to be halved, meaning that the e-bus only should
remain stationary for about nine minutes. Ferrero et al. [123] evaluated the effect of EV
scenarios on air quality in Milan, showing that replacing 50% of combustion vehicles with
electric vehicles would reduce tailpipe emissions of NO2 and NOx, respectively, by 5.5%
and 14.1%. The investments and policies for electric mobility are added to the development,
and urban regeneration policies of the city of Milan launched starting from Expo 2015. The
Lombard city is gradually becoming a virtuous and avant-garde, yet sustainable metropolis.
This is evidenced by the ICity Rank 2019, which certifies it, for the sixth consecutive year,
as the smartest city in Italy [69]. Thanks to its sustainable development strategies, over
time, Milan has managed to become attractive and competitive, managing to create an
ecosystem characterized by good economic performance: between 2014 and 2018, in fact,
the Gross Domestic Product (GDP) grew by +9.7% [124]. This contributes to the creation of
additional wealth, to attract more investment, as well as capital and workers, causing their
reputation to grow more and more.

3.1.5. Florence
In recent years, Florence (380,000 inhabitants with a density of 37 inhabitants/ha) has

made significant progress towards the implementation of an electric mobility develop-
ment model, forming part of a wider framework for the decarbonization of its long-term
vehicular traffic. Specifically, the municipal administration has been carrying out several
initiatives for years in order to transfer to electricity a significant share of travel, to manage
the vehicular traffic of a metropolitan area that counts about 1 million people (2.9 inhabi-
tants/ha). First, those who own an electric vehicle (in 2019 the fleet circulating in Florence
was about 1700 vehicles) can freely access all five restricted traffic areas of the city, i.e.,
sectors A (the heart of the historic center), B, O, F and G. No concessions are provided
for hybrid cars [125]. As for parking in paid spaces, the municipal administration has
developed a series of concessions for both electric and hybrid cars. For residents who own
one of these two types of cars, there is the possibility of free parking in the “Controlled
parking areas”, while non-residents can take advantage of a 50% discount on all parking
rates. As in Milan, also in Florence, there are exemptions from the car tax for electric or
zero impact vehicles: residents in Tuscany who own an exclusively electric car are excluded
from paying the stamp duty for the five years following the first date. matriculation. At
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the end of this period, an annual fee equal to a quarter of the amount provided for the
corresponding petrol vehicles must be paid. Also, in this case, this exemption is valid
only for electric vehicles, not for hybrid ones [125]. The municipality of Florence has also
modernized and increased the recharging infrastructure (to date, about 110 points, for a
total availability of about 450 sockets) [126,127]. The new columns can recharge at 3.3 kWh
(Slow) or 22 kWh (Quick) and allow the charging of new generation cars in about an hour.
To access the columns, it is necessary to have a smart card that the Municipality issues
to citizens who own electric vehicles after registering to access the service. Thanks to
the interoperability characteristics of the charging infrastructure, users can choose on the
market the commercial supplier from which to purchase energy, possibly in connection
with their home users. On a special app, it is possible to view the map in real-time with the
location of the columns and their status (available, in use, under maintenance, and booked),
the type of socket of each column, and the consumption on each individual charging station.
The charging stations of the Municipality supply approximately 60,000 recharges each year,
for approximately 200,000 kWh of electricity. It is estimated that with this amount of energy,
an electric scooter can travel more than 5 million km, with an estimated reduction of CO2
emissions compared to those of a traditional scooter of 200 tons per year [128]. The optimal
size of charging stations to be installed in Florence was estimated by Talluri et al. [129]; on
average, between 11 and 135 columns must be installed annually by 2030 (for an average
annual cost of †25,400–†373,800). The decision to move towards sustainable mobility then
led to the replacement, starting in 2014, of part of the Florentine public transport fleet with
electric vehicles (about 60% of the fleet is currently electric) [127]. In 2015, the city took
part in European calls concerning electric transport, winning two: “Electric City Transport
(Electra)” and “Dorothy”. The first, winner of the “Green Pride for sustainable mobil-
ity”, had the objective of increasing the use of electric scooters in the city center. Within
this project have been signed 22 protocols of intent between public and private bodies
to spread the culture of sustainable mobility. The second had the objective of enhancing
innovation and research in the urban environment in some European regions, including
Tuscany [127]. In October 2015, the Municipality of Florence introduced a sharing system
of 200 electric quadricycles. Then three other operators entered the market for a total of
about 600 shared vehicles, 35% of which are electric [130]. In addition, in 2016, the City
Council approved the granting of 100 new taxi licenses, of which 70% for fully electric
vehicles (e-Taxis) [127]. Specifically, the administration launched a tender through which
it selected 70 subjects who were granted a license only in exchange for the obligation to
use only electric vehicles [130]. The diffusion of e-Taxis has the effect of contributing to
improving urban quality and the overall sustainability of transport, but also of increasing
the knowledge and acceptance of electric vehicles by citizens, a relevant aspect in Countries
such as Italy, where the percentage of electric vehicle users is still low. As of February
2019, Florence comprises 724 taxis, 71 of which are electric cars [130]. Electric mobility is
also widely encouraged by the University of Florence, which in recent years has defined
some clear and well-structured strategies for implementing sustainable practices within the
institution, being particularly attentive to the issue of environmental sustainability [131].
In this regard, it has implemented a project called “Mondo-Bike”, which is based on the
transformation of any bicycle into an electric one, thanks to a special kit that can be shared
with other users. Finally, a great opportunity to encourage electric mobility will be given
by the “Lighthouse Renaissance of Places with Innovative Citizenship and Technology
(REPLICATE)” project, launched in 2018 and to which Florence is a member [127]. The
project foresees an investment of over 11 million euros, of which over 7 and a half million
from the EU and almost 4 million from the seven project partners.

The planned interventions involve the areas of Novoli, Cascine, and Piagge and are
of three types: energy efficiency, innovation and integrated infrastructures, and sustain-
able mobility. Regarding the latter, Florence intends to exploit these funds to progress
even further in the implementation of electric mobility, expanding the charging network,
installing about 180 super-fast charging stations, increasing the number of electric taxis
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in circulation, and integrating information and communication technology (ICT) tools
and the infrastructure of the city [127]. The promotion of the method of sharing and the
transition to electric vehicles will continue until 2050, where within the PUMS, it is written
that Florence aspires to become the national capital of electric and sustainable mobility.

3.1.6. Bologna
Bologna has a population of about 390,700 inhabitants (27 inhabitants/ha), while its

metropolitan area has about 1.02 million people (2.7 inhabitants/ha). According to Scopus,
the literature on electric mobility is virtually non-existent, so two official sources have been
consulted: the site of the Municipality of Bologna [132] and its Urban Plan of Sustainable
Mobility [133], the latter approved definitively in November 2019.

PUMS shows its medium-term objective will be to reduce total CO2 emissions from
the transport sector of �40% by 2030 compared to 1990 levels (28% from the reduction of
vehicular traffic, 12% from the renewal of the fleet), as proposed by the European Union
to ensure compliance with the Paris Agreements [133]. This means that about 440,000 car
journeys (out of a total of 2.7 million journeys on average that take place every day in the
metropolitan area) will have to be transformed into journeys made on sustainable means,
especially by public transport, bicycle, electric mobility [133]. To achieve these results, a
plan was based on a highly integrated approach between urban planning policies and
territorial choices, upgrading of mobility services and infrastructures, tariff policies, and
incentives/disincentives for mobility behaviors, as well as the connection of all access
nodes (high-speed train station, airport, motorway exits) with the entire metropolitan
area. Bologna, as early as 2015, with the aim of contributing to the improvement of energy
efficiency, in particular in the transport of goods within urban centers, has collaborated
with four other Mediterranean cities (Barcelona, Piraeus, Rijeka, and Valencia) taking
part in the project “Smart green Innovative urban Logistics Models for Energy efficient
Mediterranean cities (SMILE 2015)”. The aim was to improve the energy efficiency of
Mediterranean cities through the promotion of innovative “green” and affordable solutions
for the logistics of urban goods [134]. Regarding electric mobility, PUMS declares some
objectives to be pursued by 2030. First, within Bologna, there is an extensive central
Limited Traffic Zone, to which are added the so-called “T Zone”, “University Zone” and
“San Francesco area”. Currently, within these areas, there are active restrictions on the
circulation of cars at different times and days. Those who have an electric car can circulate
freely within all areas and can also park for free in the areas subject to tariffs. From 1 January
2020, even more restrictive limitations have come into force: the “Environmental LTZ”
has been implemented, which in the coming years will gradually exclude less ecological
vehicles (liquefied petroleum gas (LPG), diesel, and petrol): From 2020, euro zero vehicles
are excluded. From 2022 the Euro 2 will be excluded; from 2023, the Euro three will be
excluded; from 2024, the Euro four; from 2025, the Euro five. For the LTZ of Bologna, the
2030 objective is even more ambitious; to allow internal mobility only for electric and zero-
emission vehicles [132]. In addition, it is expected that starting from 2020, the new buses
in Bologna will be electric, with the increase of charging points and further procedural
and tax concessions for their installation. By 2030, both the fleet of vehicles of the public
administration and that of public transport (Metrobus, urban and suburban buses, public
bodies, taxis, and chauffeurs) will be renewed, and the will is to replace them entirely with
hybrid and electric vehicles. There is also 60% of electricity for new calls regarding Sharing
Mobility. Finally, at a territorial level, as for Lombardy and Tuscany, Emilia-Romagna also
gives the possibility to owners of electric and hybrid cars not to pay the car tax.

4. Results and Discussion
The six cities have shown commitment and ability to implement, not isolated proposals

for sharing, but far-sighted and well-structured interventions and policies. They adopted
innovative and realistic strategies, calibrated over a medium-long term horizon (2030 or
2050) (Table 3).
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Table 3. Summary of the objectives, approaches and strategies of the six cities considered.

Oslo London Hamburg Milan Florence Bologna

Planning and Action Documents

The Climate and Energy Strategy
(2016) [70,71]

London Environmental Strategy
(2018) [95]

Master Plan of Public Charging
Infrastructure (2014) [104]

Urban Plan of Sustainable Mobility
(PUMS) (2018) [114]

Urban Plan of Sustainable
Mobility (PUMS) (2019) [128]

Urban Plan of Sustainable Mobility
(PUMS) (2019) [133]

National Transport Plan (2017) [72]

Hamburg Climate Plan (2015, 2019
updated) [105]

Hamburg Climate Protection Act
(2020) [107]

Goals

GHG emissions reduction of 50% by
2020, 95% by 2030, zero by 2050

Zero emissions from the GLA car
fleet by 2025, those of bus fleets by

2037, those of most public transport
by 2040, those of all means of

transport by 2050

CO2 emissions reduction of 55% by
2030, zero by 2050 CO2 emissions reduction of 45% by

2030, become carbon neutral by 2050

CO2 emissions reduction of 40%
by 2030, 70% by 2050

CO2 emissions reduction of 40% by 2030

Become climate neutral Become the European ULEVs capital Become climate neutral Become the European
e-mobility capital

Approaches

Ban any type of car in the city centre
from 2019

Creation of an ULEZ which from
2021 will be expanded (from 21 km2

current to 319 km2)

Electrification of the public transport
fleet (buses and taxis)

Congestion charge, Area C (which
will be transformed into a

zero-emission zone)

Increase in public
charging points

“Environmental LTZ” by 2030 will allow
access to electric vehicles only

Ban on motor vehicles by 2025
Recognition of limiting global

warming as a national goal within the
Hamburg state constitution

Replacement of diesel and petrol
buses with fully electric buses (80%

by 2028, 100% by 2030)

Granting of new licences to
electric taxis

Electrification of PA fleet and public
transport by 2030

Full electric public transport by 2030 Strenghtening public-private
partnership

Replacement of diesel/petrol
bus fleet with electric buses

60% of the new tenders sharing reserved
to electric mobility

Impacts

Increased walkability Reduction in private car travel Complementarity between electric
and combustion taxis Incentive in the use of public

transport

Creation of an electric
mobility culture

Incentive in the use of public transport
Savings in energy use Increased demand for

public transport Improvement of taxi usage habits Improving the image of the city

Possible Opportunities

Invest in cycle paths, reduction of
carriageways, extension of sidewalks

Invest in car sharing, bike sharing,
cycle paths

Reduction of parking spaces that
could be transformed into cycle
paths, leading to the creation of

environmental and pedestrian zones

Transform area C into a residential
area

Involvement in European calls

Rethink the entire historic centre with a
view to very low-emission cars

Investment of resources in
communication In the long run, transform the historic

centre into a large pedestrian area
Involvement of private partners
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All six strategies are in line with the Paris Agreement and Sustainable Development
Goals three, seven, nine, 11, and 13, and recognize the need for a cleaner and more efficient
energy system, pursuing the same goal, that is to reduce greenhouse gas emissions by
promoting the use and diffusion of zero-emission vehicles. Each city does this by managing
the demand for transport through different strategies and with success. London has the
ambition of becoming the European capital of ultra-low-emission vehicles to meet its
annual growth rate in vehicular traffic. Between 2016 and 2019, through the analysis of the
indicator 11.6.2, it is noted that the levels of PM2.5 and PM10 have decreased, respectively, by
9% (Figure 4) and 11% (Figure 5) (although the presence of PM in the air is very dependent
on meteorological variability) [135], remaining, in the case of PM2.5, is still above the limit
established by the WHO (10 µg/m3). The PM10 limits, on the other hand, have fallen
to the annual WHO limit (20 µg/m3). The greatest progress has been made in reducing
the average annual NO2 concentrations by 21% (Figure 6), reaching a level close to the
limit established by the WHO (that is 40 µg/m3) [135]. The greatest NO2 reductions were
recorded in Putney High Street (�50%) and Oxford street (�40%), two of the areas covered
by the Low Emission Zones (Low Emission Bus Zone and ULEZ).Energies 2021, 13, x FOR PEER REVIEW 19 of 30 
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In British law, the average annual limit values of PM2.5 and PM10 are the same as in
Europe (25 µg/m3 for PM2.5 and 40 µg/m3 for PM10). However, the Mayor of London
believes that these limits are not enough for the protection of human health, which is the
reason why the limits of the guidelines of the WHO are considered in the capital. The NO2
and PM reductions testify how the measures introduced by the mayor and TFL are starting
to bear fruit, even if high levels of pollution continue to be recorded in many areas of the
city. This confirms that the choice to expand the ULEZ is particularly right. The creation
of ultra-low emission zones can lead to a reduction in car travel, implying an increase
in demand for public transport and other sustainable mobility systems. London could
therefore exploit this to enhance electric car sharing, bike sharing, the use of bicycles and
thus adapt the city to the needs of modern mobility, structuring it not only for the present
but also for the future.

In Hamburg, electrification goes through the total renewal of public transport fleets
(taxis and buses). These measures are paying off. From the analysis of indicators 11.6.2, it
could be seen that the air quality is overall good, with the levels of PM2.5 (Figure 4) and
PM10 (Figure 5) well below the limits allowed by the EU, less stringent than those of the
WHO, to which however the city of Hamburg is approaching [136].

NO2 levels, although declining, remain high (Figure 6) but are strongly influenced by
the intensive industrial production in the city center and the central location of the port.
For this reason, it will be good to consider the total emissions. The initial Senate goal was
to reduce emissions to 9 t of CO2 per capita by 2020, and this goal was already achieved
in 2017 when emissions were reduced by 20.8% (around 16.4 million tons) [105]. The goal
by 2030 will be to reduce them to 9.3 million tons, with a further cut of about 7 million
tons. With the current measures, it is highly likely that the city will be able to surpass
the targets set for 2030. As a modern metropolis and a large industrial headquarters in
Germany, Hamburg is therefore making an important contribution to complying with the
Paris climate agreement and with the SDGs. The electrification of taxis and buses could
be a starting point for further action. As already discussed by Schatzinger et al. [102],
electric vehicles at least partially replace conventional taxis, thus satisfying the growing
demand for mobility. The accelerated growth of the electric vehicle market in Hamburg
could help improve the economic situation of the city’s taxi industry, as well as the general
use of this form of public transport if they are competitively priced. This could have
knock-on effects on Hamburg’s overall urban situation, as increased use of taxis could
reduce parking spaces, convert parking areas into cycle lanes or pedestrian areas, and
create environmental zones.



Energies 2021, 14, 315 20 of 29

Oslo wants to facilitate the transition to electric and sustainable mobility through
concrete legislative and fiscal measures (supported by clear political choices by Norway)
as well as through the progressive ban on motor vehicles. The policies implemented by
Oslo over time are proving very effective. According to “Oslo’s Climate budget” [137]
and the Municipality of Oslo [138], the monitoring of indicator 11.6.2 shows that, starting
from 2016, PM2.5 emissions decreased by 22% (Figure 4), those of NO2 by 22% (Figure 6).
Data relating to the difference in PM10 over the years are not fully reliable in the database
as the control units were out of service in some areas of the city and therefore cannot be
directly compared with the other points. However, in 2019 the annual average of PM10
was 10.58 µg/m3, well below the cut-off value. These data testify how the air quality has
slowly improved over time (and therefore highlights the effectiveness of the measures
implemented), always remaining below the threshold values recommended by the WHO.
Furthermore, since one of Oslo’s future objectives will be to ban cars of all types in the
historic center, this choice could turn into a further opportunity, since taking cars away
from urban centers could have the possibility of transforming large areas of the city is
completely pedestrian, and therefore increasing the average percentage of the urbanized
area of cities that is used as public space. The increase in pedestrian traffic can, in turn, lead
to savings in the use of energy and can encourage investments in cycle paths, reduction of
carriageways, and an increase in sidewalks.

In Florence and Milan, the first faint results of the measures implemented are beginning
to be seen, and their strategies should be the driving force so that they are also replicated
in other cities with different characteristics, especially in Italy, where air pollution levels
from particulates remain high and above the EU average (especially in the cities of the Po
Valley) [139] and therefore, could hinder the achievement of indicators 3, 7, 8, 9, 11, 13.

In Milan, in 2019, the average annual concentration of PM2.5 and PM10 stood at the
limits of the threshold values (which in Italy are 25 µg/m3 for PM2.5 and 40 µg/m3 for
PM10) [140] with of 21 µg/m3 for PM2.5 (Figure 4) and 35 µg/m3 for PM10 (Figure 5) a
decrease compared to the previous years (�25% for PM2.5 and �52% for PM10) but still
far from the WHO limits. The NO2 values are 58 µg/m3 (Figure 6) are still widely above
the permitted limits (40 µg/m3), although the downward trend (�13%). It follows the
measures applied have been effective, although further measures will be required, in
addition to those already implemented by the municipal administration. For example,
Milan could transform Area C into a residential area with 20 km/h limits and priority for
pedestrians and cyclists. Or it could devote resources to communication so that the benefits
of sustainable mobility can be understood by all. Or, following the example of what was
done in Hamburg, involve private partners. However, it will be interesting to understand
how effective the measures already foreseen by the PUMS will be in the coming years.

In Florence, between 2015 and 2019, the levels of PM2.5, PM10, and NO2 decreased
respectively by 25% (Figure 4), by 25% (Figure 5), and by 16% (Figure 6) [139,141]. The
average annual concentrations of the three pollutants have always remained well below
the legal values, and in the case of PM, it is slowly settling towards the levels established by
the WHO. This shows that the measures put in place are working. As already discussed in
Section 3.1.5, Florence has the ambition to become the European capital of electric mobility.
In addition to the massive installation of columns and licenses for electric-only taxis, the
decision to move towards electric mobility also led to the replacement in 2015 of part of the
Municipality’s fleet with electric vehicles. As suggested by Parenti et al. [127], watching
municipal employees driving green and electric cars is the best advertisement to promote
new mobility. All this, in addition to the improvement of the urban aspect and a lower
impact on the city, should be exploited by Florence to create its own positive reputation as
an “electric city”. In turn, this could convince citizens to adopt sustainable mobility models,
supported by good practices promoted at the academic level [131], almost making those
who do not feel “guilty” and could cause Florence to be involved in European tenders,
leading in the long term, further benefits in terms of improving the well-being and quality
of life of the city.



Energies 2021, 14, 315 21 of 29

In Bologna, as the measurements are recent, it will be necessary to wait for future data
to see the results. However, in the future, the city could take advantage of the existing
restrictions on car circulation in downtown areas to rethink the entire historic center for
low-emission cars, following the example of London. In the long run, it could follow Oslo’s
example and transform all or part of the center into a large pedestrian zone.

In general, the policies implemented by the cities are working, and this is evidenced
by that air quality has improved everywhere, with reductions in pollutants in all cities for
which data are available (Table 4).

Table 4. Cities reductions in pollutants, 2016–2019 [135–141].

PM2.5 PM10 NO2

London �11% �9% �26%
Oslo �13% n.a. �23%

Hamburg �28% �5% �26%
Milan �25% �52% �13%

Florence �10% �6% �12%

Despite this, the atmospheric environment is also influenced by other factors (the
spatial variability of the air pollutants concentration is very strong due to the complex air
flows due to buildings or other obstacles. In addition, the movements of pedestrians may
sometimes calculate reliable estimates of the concentration of pollutants to which people
are exposed) so improving air pollution is a very long and demanding process.

Moreover, some aspects need to be emphasized. Firstly, the measures proposed by the
six cities considered are strongly correlated and parameterized to their local conditions,
such as size, morphological characteristics, population density, per capita wealth, and
culture, all factors that help not only the spread of electric mobility but also the transition
to sustainable mobility models. Cities with a high per capita income were considered, and
except for London, where for many years the incentive measures had little success, all cities
have a small to medium size. These conditions can facilitate both the purchase of electric
cars and the acceptance of certain policies and restrictions, which instead may not be
tolerated or understood in other urban centers, for example, in Southern Italy (historically
with more unfavorable socio-economic conditions than in the North) or poorer countries
that must face many other problems besides improving (where needed) air quality. It
follows that the transition to electric mobility cannot always be simple, precisely because
of structural conditions that go beyond any form of strategy and which can sometimes
require a cultural and infrastructural change that cities and their inhabitants may not be
willing to accept.

Secondly, despite the policies, strategies, and strong incentives to purchase, users
continue to prefer combustion vehicles due to prices that are still not very competitive [142],
slow recharging [143], scarce use of columns [144], and a phenomenon known as “range
anxiety” [56], i.e., the concern that an electric vehicle may not have sufficient autonomy to
reach the intended destination. To tackle these problems, it will be necessary to increase
the range of electric vehicles and the spread of charging stations. The future use of electric
vehicles, therefore, is also heavily dependent on technological optimization and market
development.

Finally, it will also be necessary to consider the other side of the coin. Indeed, coupling
mobility with renewable energy could potentially significantly reduce both greenhouse
gas emissions and dependence on fossil fuel imports. However, although electric mobil-
ity has been strongly encouraged and electric cars represent an important step towards
decarbonization, and therefore towards the sustainable development goals, they are not
a panacea and still have some environmental problems. A study by BMVI [145] shows
that the environmental impacts resulting from the production process of electric vehicles
are 60% higher than those of combustion ones. This derives from the high environmental
impact of the production and disposal phases of batteries.
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The production of batteries involves numerous chemical treatments as well as the use
of lithium, lead, nickel, cobalt, manganese, which fall into the category of “critical raw
materials”, defined by the EU as they have very limited reserves and are found in a small
number of areas globally, especially in developing countries [146]. Just think that 50% of
the world’s cobalt is mined in Congo, 60% of lithium in Chile, and 40% of Manganese
between South Africa and Gabon. Since the reserves of these raw materials are highly
concentrated, they appear to be highly vulnerable to disruption, raising concerns about the
security of supply.

In addition, they often come from places where human rights are not always respected,
and their extraction requires large quantities of water and other resources, already scarcely
present in territories that are often arid and heavily insecure from a water point of view.
All this would induce a potentially contradictory situation and would counter Sustainable
Development Goals, as batteries would be produced in an unsustainable way to achieve
sustainability objectives. About disposal, through the melting processes currently imple-
mented by recycling companies, if on the one hand many metals are easily recovered,
on the other hand, the most important material, lithium, is not recovered. Theoretically,
it could be recovered, but since the cost of recycling is often higher than the cost of ex-
tracting the virgin raw material and recycling activities often produce emissions, it would
be particularly expensive and not very advantageous to do so [147]. Lithium, therefore,
often remains in the waste posing significant safety risks, considering that it can easily
catch fire as well as it could easily lead to soil and groundwater contamination and have
a negative impact on ecosystems and hinder goal 12. Studies regarding the end of life of
batteries focus on “second life applications”, i.e., extending the life of exhausted batteries in
electric vehicles [147]. However, this system has some limitations related to that a recycled
battery could be qualitatively lower than one produced with virgin raw materials. To
date, therefore, there are no recycling methods that are the right compromise between
competitiveness, efficiency, and sustainability.

Furthermore, there is another issue to underline. In the EU in 2019, 42% of the elec-
tricity consumed came from fossil fuels, while 27% came from nuclear power plants [148].
Paradoxically, therefore, electric cars could become a potential risk to the environment if the
processes of production and disposal of batteries and energy supply continue to operate in
a current way. For the transition to electric power to really contribute to the environment,
in addition to political measures and purchase incentives, the entire car manufacturing
process must be made sustainable, as it is generally recognized that at least 30–50% of the
life cycle greenhouse gas (GHG) emissions of electric vehicles is related to the production
of batteries and energy [145]. Some considerations are then made, and some priorities
are identified.

Agenda 2030, although universally valid and recognized, is not binding. This means
that energy reduction policies are left to the voluntary nature of individual administrations,
and for many, sustainability is not such a significant priority. In most states, for example,
there is no common framework that aligns all cities, but each urban center manages its
own strategies in its own way, without a binding national reference background. Since
some of the frameworks for improving the environment in cities can be limited to their
application only in urban centers with certain characteristics, it will be necessary for
central governments to propose solutions that can be generalized and used by several
cities. In addition, each administration will need to firmly insert the SDGs within its
political frameworks and take considerable steps in implementing more stringent measures
and, following the example of what Oslo and Hamburg did, establish their own energy
strategies, making them legally binding.

If electricity for refueling electric cars is drawn from combustion and nuclear power
plants and if no innovations are found for better production and disposal of batteries,
electric cars will never be truly environmentally friendly. The main advantage for the
environment will, in fact, be not so much zero emissions on the road, but that each car will
benefit above all from better electricity production and a better production and battery
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disposal process. Electric mobility will be truly “green” and the transition to a smart
city will be real and concrete, only when the production and disposal of the battery and
energy supply will be truly sustainable. However, this requires the interaction of planners,
operators, and suppliers and, therefore, from different sectors.

From the point of view of suppliers, future research will have to focus on technologies
that allow for high recycling rates and that make used batteries competitive. From the
point of view of administrators, first, they will need to expand research and development
budgets to advance science and engineering expertise on recycling, making them at least
comparable to battery research and development funding. Secondly, in addition to policies
to encourage electric mobility, incentives will also be needed to encourage the collection
and recycling of batteries. Finally, a really “smart” choice could be to install charging
stations powered only by renewable sources.

Therefore, sustainable development goals cannot be achieved only by increasing the
share of electric battery cars. The transition to (truly) green mobility will only be possible
through the sustainability of the entire life cycle of electric cars (from the extraction of raw
materials to produce batteries, through the supply of energy, to the disposal of batteries.
In this regard, applications of the Life Cycle Assessment (LCA) methodology through
SimaPro 8.5 Software and utilizing Carbon Footprints (CFPs) have been considered in the
research of Rapa et al. [149] for the assessment of the life cycle of an electric car and to
indicate possible paths to a circular economy.

5. Conclusions
The transport sector, especially private mobility, is one of the main causes of pollut-

ing emissions. To try to reduce this problem, in recent years, electric mobility has been
strongly encouraged by governments and municipal administrations, thanks to policies
and strategies of various kinds, for example, through the creation of very low emission
zones and congestion charges as in the case of London and Milan, across the electrification
of the public transport fleet such as in Bologna and Oslo, or by focusing on the granting of
new licenses for the taxi service to electric cars. These measures have proved particularly
advantageous because within four years they have led to a general improvement in air
quality in all six cities considered, notably in Hamburg and Milan. Furthermore, introduc-
ing a new mobility system within cities would also mean determining new city models. In
fact, electric mobility policies could induce, in addition to an improvement in air quality,
also a rethinking of the urban framework, where possible. Oslo, Hamburg, London, Milan,
Florence, and Bologna are linked by a common thread, namely the electrification of public
transport (both buses and taxis) as well as the creation of “environmental zones”, where
access is allowed only to low-emission vehicles. All this has the ultimate goal of discourag-
ing the use of private transport, to the point where citizens prefer public transport because
they will not be able to circulate with private combustion vehicles in certain areas. The
consequence could therefore be a reduction in the spaces dedicated to cars and an increase
in pedestrian areas as well as investments in cycle paths, accelerating the transition towards
sustainable mobility models. Electric mobility can therefore also physically modify the
urban fabric of a city and give it back spaces because they could make new ones available.
It is certainly important that this transition in mobility is accompanied by a change in
mentality that makes room, for example, for new forms of economy, including the sharing
economy. Examples are bike sharing, scooter sharing, and car sharing services that offer
complementary services to urban public transport.

Although electric mobility represents an important step towards decarbonization
and can guarantee owners some advantages, including free parking, exemption from
paying taxes, low fuel costs, the ability to move freely in city centers, they still have some
environmental problems related to the production and disposal of batteries, as well as the
production of energy with which they are powered. The future spread of electric mobility
can be approached from different perspectives. From a technological point of view, the first
step will be to increase research funding for the development of new technologies so that
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academia and industry can find innovations to make batteries more efficient and, above all,
more sustainable.

Secondly, from a strictly administrative point of view, the future spread of electric
mobility cannot be separated from an investment system that enhances the amount of
infrastructure (favoring high-power ones powered by renewable sources), substantial tax
deductions and incentives to demand, but also and above all a clear vision of the future
city. Therefore, optimal governance will be necessary, in which the city administration
should have great capacity in bringing together the private and public sectors, but also
people and communities to push everyone in the same direction, bringing the city on a
direct path towards sustainable development and accompanying the technological jump
in the best possible way. The six cases taken into consideration first demonstrate the
feasibility of using renewable energies for mobility and can therefore be considered as a
sort of “benchmarking” to influence other urban developments to adopt the same principle.
Second, they show that the transition to an energy-efficient smart city is possible. However,
this transition inevitably passes through effective and virtuous management by individual
states and administrations, which will be called upon to develop multi-year policies based
not on isolated actions but on planning, incentives, and investments.

Finally, for municipal administrations, it will also be necessary to invest in communi-
cation, creating a real “culture of sustainability”. In fact, if technology allows optimizing
the efficiency of transport, trying as much as possible to limit the environmental impact in
all its phases, it is also true that the habits and behaviors of citizens must also be taken into
consideration, given that success of a smart city also depends on how much a technology
is known and accepted by people.
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