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Abstract: The European ban on internal combustion engines has raised several questions from both
the automotive players and society. The proliferation of electric vehicles is struggling as it is facing
issues related to energy supply and distribution and to infrastructure availability. These problems
are considerably different across the various countries. It is consequently a tough challenge to pro-
vide a worldwide comprehensive evaluation. In this paper we first outline the common problems
to later move to provide a clear picture of the Italian scenario, starting from the available data related
to mobility for the period 2018-2022. We outline the main problems to be tackled and the related
costs. Italy is an interesting and representative case as it is bound to the timeline set by the European
green transition.

Keywords: electric vehicles; energy production; electric grid; sustainable mobility

1. Introduction

Climate change represents the greatest global challenge faced, impacting the envi-
ronment and economy [1,2]. The global climate change treaty has driven the enforcement
of new environmental regulations from both international organizations and national
governments, increasing the accountability of corporations [3,4] and citizens [5,6]. The
European Union (EU) has promoted a political strategy targeting a carbon-neutral society
by 2050 [7] with several lines of action based on three pillars: (i) information, (ii) incen-
tives, and (iii) prohibitions [8]. Information and incentive policies are aimed at creating an
active participation of the population and stakeholders in the paradigm shift to a more
sustainable society [9]. Nevertheless, strong legislation is required to force the recalcitrant
industrial sectors toward a new environmental consciousness [10].

The automotive industry is one of the crucial sectors that requires a strong nudge to
decarbonize [11]. Accordingly, the EU approved legislation that enforced a complete ban
on internal combustion engine vehicles (ICE) from 2035 [12]. This deadline has raised sev-
eral issues related to its feasibility based on energy production, infrastructure, and vehicle
production volumes [13], leaving alone the issue of the impact on the environment if a
comprehensive life cycle assessment is taken into account. Several European countries
fruitfully embraced this challenge with great economic efforts in the renewal and recon-
ceptualization of street mobility [14]. Accordingly, the European vehicle fleet has drasti-
cally changed, moving to electric-powered vehicles both with standing-alone batteries
(BEVs) and hybrid propulsion (HEV) [15]. The mobility paradigm change must be
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complemented with the use of green energy sources, avoiding the problem shift across
the production chain. The dismission of ICEs will require a huge improvement of both the
electric grid transport capability and the electric energy production under the regulation
of the Green Deal in order to fulfill the energy demand of a fully BEV fleet [16-18]. In this
complex scenario, each European country must tackle similar issues affected by geograph-
ical, historical, and economic differences related to existing infrastructures, geopolitical
roles, and available investment funds [19,20].

In this work, we focused on the Italian scenario, providing a critical discussion on the
current situation of the eighth-biggest world economy [21] in the transition from ICE to
BEV. Italy’s scenario is intriguing due to both its economic relevance with great imbal-
ances between the north and south regions and geographical issues representing a multi-
faced case of study. Accordingly, we discuss the actual Italian electric energy production
and distribution and the state of the automotive fleet, highlighting the critical issues that
must be solved to face the ICE ban starting in 2035.

2. The Electric Energy Ecosystem in Italy: Production and Distribution

As a beginning, we considered critical factors for the conversion of the Italian fleet to
full BEV two parameters: (i) the electric energy consumption and production and (ii) the
electrical distribution grid. These parameters are crucial in order to evaluate the possibil-
ity of improving the actual BEV fleet with an efficient recharge point network across the
nation [22].

2.1. The Actual Production of Electric Energy

Italian electric energy production has changed across the years, driven by both na-
tional and international stimuli [23]. Since the pandemic era, ‘EU Next Generation” and
‘EU Green Deal’” programs have committed Italian policies to sustainability advancements
aiming to reduce the dependence on fossil fuels [24]. As shown in Figure 1a, during the
last five years, the Italian energy demand reached a maximum of up to 321 TWh in 2018,
with a reduction to 301 TWh during the first year of the COVID pandemic event. After the
pandemic period, the energy demand went back to pre-pandemic levels, reaching 320
TWh in 2022. The main issue in the Italian scenario is that the amount of domestic ener-
getic production available for consumption in the period 2018-2022 covered only around
87 + 1% of the demand. These data identify Italy as an energy importer, suggesting that
Italian energetic plans and administration cannot be decided and implemented without
international negotiations with EU and non-EU partners [25]. This dependence upon en-
ergy imports represents a serious threat to the Italian system, but it is also a strong push
towards the implementation of an alternative production supply based on renewable local
resources, as reported in Figure 1a (blue dotted line). Electric energy production through
renewable energy sources has covered up to 38% of the total demand in 2020, decreasing
to 32% in 2022. As reported in Figure 1b, renewable energy sources are well differentiated,
with a major role played by hydropower technology, representing around 40% of them in
2021. In 2022, renewable energy production was reduced with a decrement of around 20
TWh of hydropower related to climate factors and gas prices rising [26]. The market quota
represented by the other sources did not sensibly change across the last five years, show-
ing only minor fluctuations with the exception of photovoltaic, which has a slowing in-
crease of around 5% a year.
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Figure 1. Summary of Italian (a) electric energy demand considering the renewable energy quota
and (b) its composition based on different technologies. Data provided by TERNA driving energy
[27].

At present, Italy is far from reaching an energy production fully based on renewable
sources, and this will be further slowed down by the cost of a renewable energy-based
system transition, estimated in a range from 580 up to EUR 870 M for the European zone
[28]. Nevertheless, the Deloitte Economics Institute estimated economic losses caused by
climate change in Italy up to EUR 115 M until 2070 in the present scenario [29], supporting
the efforts for climate change mitigation actions.

2.2. The Electric Grid and Distribution

The Italian electric grid is a complex and interconnected system that encompasses
transmission, distribution, and generation components maintained by several distribution
system operators, while the high-voltage transmission grid is managed only by the Italian
official transmission system operator TERNA [30,31]. During the last few years, the Italian
administration has oriented political efforts toward the integration of renewable electric
energy into the traditional grid under the national [32] and international [33] plan of ac-
tions. Particularly, the Integrated National Plan for Energy and Climate aimed to achieve
a 55% reduction in greenhouse gas emissions and a 30% increase in renewable energy
capacity by 2030 [34]. This scenario requires a deep commitment to the modernization of
the electric grid, including power plants, transmission lines, and distribution networks
[35]. The electric grid and transmission system modernization is of capital importance for
solving the actual grid congestion caused by the different consumption of the northern
regions compared with that of the southern ones [36]. This requires the implementation
of smart grids for the real-time monitoring and control of the transmission and distribu-
tion network [37]. Furthermore, the energy storage capacity should increase to match the
intermittency issues of renewable energy utilization [38]. As discussed by Buono et al.
[39,40], the optimization of north-south energy exchanges and the planned increment in
renewable electricity production will require the establishment of new +/- 500 kV HVDC
lines across Italy in the framework of the Hypergrid project with a cost of about EUR 11
G to be fully implemented [41].

3. The Italian Vehicle Fleet: Present and Expected Futures
3.1. The Current Scenario of the Italian Vehicle Fleet

As shown in Figure 2, the Italian car fleet has constantly increased during the last five
years, reaching 3.93 x 107 vehicles in 2022, and it is strongly related to the increment in

average income [42]. The increase in car numbers has been discouraged with the incentive
of public and alternative private mobility but with very limited appreciable results [43—-
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46]. Burlando et al. [47] suggested that the increase in car numbers can be due to the poor
awareness of the real cost of car ownership related to maintenance and taxes. At the same
time, the average age of the cars increased from 10.9 years in 2018 up to 12.2 years in 2022,
suggesting a progressive increment of car fleet obsolescence, increasing its carbon foot-
print [48] and pointing towards an increased reluctance of car owners to buy more mod-
ern, less impacting cars.
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Figure 2. Summary of Italian number of cars and cars average age in the period 2018-2022 as re-
ported by UNRAE [49] (total car in reported as red bar, average car age reported as star dotted line).

As reported in Table 1, ICE represents up to 95.2% of the total private vehicles in 2022,
while HEV and BEV represent only 4.0 and 0.8%, respectively. Interestingly, the UNRAE
decennial report [50] evaluated in 26.6 years the Italian fleet turnover. This value was con-
siderably higher than the one required to match the turnover hypothesized by the EU for
a fully converted to BEV for 2050, considering the ban of ICE from 2035.

Table 1. Italian vehicle distribution in Italy in 2022, as reported by the UNRAE annual report [49].

Vehicles Typology Vehicles Number
ICE 3.74 x 107
HEV 1.55 x 10¢
BEV 3.32 x 105

The other key issue of the transition to a full BEV fleet is represented by the electric
energy demand and distribution across Italy, as reported in Table 2.

Table 2. Estimation of total energy demand for a full BEV fleet in 2050.

Energetic Consumption  Average Distance Runin 1 Year Total Yearly Energy Need

EV Model (KWh/km) » (km) ® (TWh)
Mercedes eVito Tourer 0.30 128.1 /1649 ¢
Extra-Long 10712
Tesla Model 3 0.14 ’ 57.2¢/77.04
Average 0.20 81.3¢/110.0 ¢

2 Energetic consumption was reported in agreement with data provided by the Electric Vehicle Da-
tabase [51]. ® Average value referred to 2022 [50]. < Calculated on the 2022 vehicle fleet. ¢ Calculated
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the average fleet increment from 2022 to 2050 with an annual increment estimated as the average
increment for the 2018-2022 period.

A reliable estimation of the energy consumption of a BEV is a matter of great com-
plexity involving several parameters [52]. Nevertheless, it is possible to make a rough es-
timate based on the nominal energy consumption and the average distance run in a year,
considering the most (Tesla Model 3) and least (Mercedes eVito Tourer Extra-Long) effi-
cient models among the 377 BEVs currently available on the market. Accordingly, the in-
crement of energy requests to satisfy the BEV fleet energy demand ranges from 57.2 up to
128.1 TWh, considering the total conversion of the actual ICE fleet. If we consider an av-
erage increase in vehicles based on the last five-year trend (0.96%), the energy demand
will increase up to 77.0-164.9 TWh. It is relevant to note that in the same period, Italian
energy production has oscillated in the range from -4% (20192020 due to the COVID
outbreak) up to 3% (2020-2021). Considering the commitment to the European Green
Deal, Italian production should be increased in renewable-based energy by up to 18.1-
52.1% to cover the BEV consumption in 2050 with a constant yearly based increment of up
to 0.7-1.9% lower than average European energy production annual growth of the last
five years if it will be dedicated only to BEV recharging [53].

The other key issue for the diffusion of BEV is represented by the widespread avail-
ability of sites in which a single vehicle can be recharged, which are called recharge points.
As reported in Figure 3, the recharge points have grown during the last five years, reach-
ing 32,776 points in 2022, with 6.1 recharging points every 100 km. Similarly, the recharge
infrastructures—sites that included more than one recharge point—have grown slowly
but consistently, reaching 16,700 recharging infrastructures in 2022.

I Recharge infrastructures

35,000 - )
[ | Recharge points

30,000 A

25,000 A

its

20,000 -

—

9]

o

o

o
1

Number of un

10,000 ~

5,000 -

2018 2019 2020 2021 2022

Figure 3. Overview of recharge infrastructure and recharge point in Italy in the period of 2018-2022

[54].

The main issue in the recharge infrastructure is represented by the taxonomy of re-
charge points. In 2022, 87.8% of recharge points were AC low-power ones (<43 kW), while
only 4.9 and 7.3% were represented by fast (44-99 kW) and ultrafast (>100 kW) rechargers,
respectively [54], significantly affecting the average recharge time. As reported by Falvo
et al. [55], a Tesla Model X requires up to 8 h to be fully recharged in an AC low power
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while it can be recharged in 30-60 min using a fast recharger point. Based on the driver
habits, the authors estimated that the recharge infrastructure should be increased by one
order of magnitude and drastically oriented to fast charge in order to meet the ambitious
goal of ICE stop by 2035.

3.2. The Conundrum of Transition to a Fully BEV Fleet

As clearly evident, electric energy demand and distribution are the first and main
issues in the conversion of the ICE to BEV fleet in Italy. The energy increment production
could be achieved with a straight and continuous plan of action compulsorily based on
renewable resources in order to contribute to the decarbonization [56] together with the
necessity to increment the primary energy savings for the renewable sector, avoiding the
loss of up to 48% marked in 2019 [53,57]. This is a hard task considering the actual state of
the art and industrial readiness of technology that are far from the economic competitive-
ness reached out by traditional coal and oil-based platforms [58]. Furthermore, ICE can be
fueled with E-fuels or waste- and bioderived drop-in fuels, reducing the carbon footprint
without requiring the effort related to BEV management [59,60], even if it could also be
hard to implement due to the actual technological limitation related to the technology
readiness [61]. The key issue is about the Italian electric distribution system, which is far
from being ready to satisfy a fast and ultrafast charge point capillary net. This is an infra-
structural deficiency that only the central government with EU support can face due to
the magnitude of investment required. Additionally, the Italian landscape is particularly
challenging due to the mountain chains that run from north to south, which have poor
existing energetic infrastructure across them. This is also a key point for the Hypergrid
project, which will run through two parallel lines in east and west Italy with poor inter-
connections between them. The other limitation is represented by the interconnection with
surrounding countries through the Alps barrier by 2035. Furthermore, the additional en-
ergy absorption from the grid will be induced by the increment of demand due to non-
negligible losses [62], higher than the conventional 10.2% established by Autorita di Rego-
lazione per Energia Reti e Ambiente (ARERA) [63]. This will dramatically decrease the
effectiveness of the electric grid with a reduction in recharging service quality both in time
and in efficiency.

Moreover, the actual actions excluded heavy transportation from the internal com-
bustion engine ban, but this is an issue that will eventually become unavoidable and
hardly manageable. There are no such solid estimations on fully electric heavy truck per-
formances, but the experience of California with the decarbonization of heavy freights
suggested a consumption of up to around 1.86 kWh/km [64,65]. Italian heavy freight driv-
ers run approximately 119 Mkm/y [66], and with a fleet of up to 117,500 vehicles over 3.5
t in 2022 [50], it would require an additional 25.7 TWh at least. Considering the energetic
issue, the increment of energy production cannot be the only mitigation action run. The
reconceptualization and optimization of the BEV structure itself is a mandatory activity
in order to reduce the average consumption, while the actual major design efforts are fo-
cused on the battery pack optimization [67]. This is mainly due to the scarcity and inho-
mogeneous distribution of lithium, which is the key component of the lithium-ion battery,
the only current battery energy storage system with the appropriate energetic density [68].

As summarized in Table 3, there are also social and industrial factors that are slowing
down the diffusion of BEV in the Italian marketplace. The Italian automotive industry has
struggled to convert production to BEV [69], even if the Stellantis Group opened a re-
search center dedicated to battery development [70]. Lastly, the social influence of the
transition to BEV can increase the socio-economical gap due to the considerably higher
costs of BEV compared to ICE [71].
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Table 3. Comparative overview of ICE and BEV considering the major issues and strong points.

(o) (o) © (o)

Energetic supply

Recharge infrastructure

Productive infrastructure

Cost for the user

Oil-derived fuels
Drop-in fuels

Bioderived fuels Electric energy

E-fuels
Non-homogeneous diffusion
Diffuse on the overall state territory. Limited amount of fast and ultrafast charg-
Consolidate supply chain ing points
Very fast recharge Difficult integration in the electric distribu-

tion system
Require major investments

Well-known productive technologies Require a strong effort in project and imple-

Well established :
Resilient supply chain mentation
ind Fragile supply chain
High cost.

Balanced by several major players .. ;
Y jor play Fluctuation in electric energy cost due to en-

Fluctuation in fuel cost due to crude oil price . o
ergetic market volatility

Nevertheless, the reduction in carbon footprints related to the automotive and trans-
portation sectors must be tackled to mitigate the anthropic effect on the climate. BEVs are
actually the more solid alternative to ICE, while other solutions, such as fuel cell-based
vehicles, are still far from being widely available [72].

4. Policy Implication and European Perspectives

The transition to a full BEV fleet represents a double-faced coin for the Italian system.
On one side, the nudge of the EU should be received by the national government, and
operative actions must be implemented to face the ICE stop from 2035. On the other side,
the efforts to reach the ICE ban without compromising the Italian economic systems re-
quire structural intervention with elevated costs for both public administration and citi-
zenship that are struggling to be accepted.

Nevertheless, the direct action of the Italian government is mandatory to achieve the
full conversion of the Italian fleet, mainly with actions and regulations about private and
public financial incentives.

Tax credits are the most common financial incentives used by governments to pro-
mote BEV purchases, and they are effective in high-income countries such as the United
States, in which the federal government offers tax credits of up to USD 7.500 [73].

Actually, a lot of countries enforced incentive programs to accelerate the transition,
such as Germany or France, in which central governments have already guaranteed an
economic bonus of up to 9000 and EUR 6000 for the purchase of a BEV, respectively [74].
From 2024, the Italian government guaranteed an incentive of up to EUR 13,750 for the
conversion of ICE (Euro 0-2), limiting it to those who could prove a yearly income of up
to EUR 30,000 [75]. This action has been intended to spread the BEV among the lower-
income part of the population but should also be supported by an active policy of low
interest or subsidy, as happened in India [74], that is still missed. It has to be noted that
the situation of the Italian debt might put restrictions on the amount and scale of incen-
tives that will be detrimental to a recalcitrant selling market situation [76].
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The other course of action is related to the dialogue between the government and
producers. While the incentives are a matter pertaining to the national government, the
direct discussion with private corporations has clearly emerged as a European responsi-
bility more than solely an Italian one. The ICE sales ban deeply affected the overall Euro-
pean economy and, in particular, the Italian one, in which the automotive sector is one of
the economic pillars involving up to 53,000 private companies and an annual revenue of
up to EUR 150 G [77]. The Italian scenario is highly representative of the overall European
picture, with an unfruitful dialogue between the government and the major player of the
sector with production sites on Italian territory, the Stellantis Group, that led to a massive
loss of workplaces in 2024. This experience strongly suggested the need for a coherent and
well-planned proposal that should involve all EU partners.

5. Conclusions

The transition of Italy’s car fleet to BEVs will play a pivotal role in reaching the Eu-
ropean Union's decarbonization targets under the Green Deal. However, the conversion
to a fully BEV fleet has raised significant economic, infrastructural, and social challenges
involving policymakers, industries, and citizens. The first and more relevant issue is rep-
resented by the modification of Italian energy production and distribution systems. Italy
has made significant progress in increasing renewable energy production, but it is still
reliant on imported energy, with domestic production consistently falling short of na-
tional demand. The dependency upon energy imports limited the freedom of policymak-
ers to implement actions, forcing international negotiation. Nevertheless, the Italian gov-
ernment is actively working towards improving the grid, reducing its inefficiencies and
the imbalances between the north and south of the country while stimulating both domes-
tic and industrial sectors. At the same time, the industrial contribution to recharge infra-
structure has started to create a capillary net, even if it is far from being up to mark. The
transition to BEV presents both economic opportunities and risks with the complex chal-
lenge of industrial restructuring that is still lagging. Only through coordinated govern-
ment policies, private and public investment in renewable energy and infrastructure, and
tight collaboration with the industrial sector can Italy hope to reach a transition to a
cleaner, greener transportation system.
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