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Abstract: Following electrification of automotive transport, studies on the penetration of electric
vehicles (EVs) are widespread, especially in defined contexts. As major transport hubs, airports
fall within contexts worthy of interest. In this work, a forecast of the demand for electric mobility
in an Italian international airport (Rome–Fiumicino) is presented. The main goal of the research
is to build up a methodology that allows evaluating the penetration index of EVs that will access
the airport parks in 2025 and 2030, to be able to have a preliminary assessment of the number of
charging points necessary for serving them. In the paper, first, a wide review of proposed scenarios
on the penetration of EVs at international and national level and available data on local automotive
transport are presented, as a preliminary study for the definition of reference scenarios for the local
context. Then, the proposed methodology is presented and applied to the specific case study. Finally,
a preliminary sizing of the required charging infrastructure is reported. The results show that a
significant impact on the airport electricity network can be foreseen, and it requires proper planning
of adaptation/upgrading actions. The proposed approach can be considered as a reference for similar
studies on electrical mobility in other airport areas around the world.

Keywords: electric mobility; electric vehicle; electrification; airport

1. Introduction

Following energy, environmental, and health concerns in road transports [1–5], the
automotive industry is quickly evolving in the direction of low-emission vehicles (LEVs) [6].
Electric vehicles (EVs) are regarded as a suitable option. They can be classified as reported
in Table 1, as battery-powered electric drive alone, such as battery electric vehicles (BEVs)
or full electric vehicles (FEVs), or combined with thermal traction, such as hybrid electric
vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), BEV with range extender (REx),
or extended range electric vehicles (ER-EV) Other low-emission technologies, such as fuel
cell electric vehicles (FCEV), are in the minority.

The international literature dealing with the topic of electrification of transport, and
in particular the spread of EVs, is wide-ranging, and approaches the subject from many
different points of view.

Technologies for EVs are described, e.g., by Jorgensen [7]. Technologies and main
challenges in the deployment of EVs are illustrated by Sanguesa et al. [8]. Advances in
BEVs are discussed by Yuan et al. [6].
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Table 1. Taxonomy of low-emission vehicles (LEVs).

Field of Action HEV PHEV BEV + REx BEV FCEV

Traction Thermal and
electric

Thermal and
electric Electric Electric Electric

(battery/fuel cell)

Energy storage Battery and
fuel tank

Battery and
fuel tank

Battery and
small fuel tank Battery Battery and

hydrogen tank

Battery charging By heat engine
(no plug)

From grid
via plug

By small heat
engine

(for charging only)

From grid
via plug By fuel cell

Advantages and disadvantages of EVs compared to combustion engine vehicles are
discussed, e.g., by Herrmann and Rothfuss [9]. Advantages include greater efficiency,
rechargeability of the storage device, outstanding power transfer, and absence of local
emissions. Research on disadvantages and criticalities is limited. Disadvantages include
the relatively heavy weight of electric propulsion (especially if combined with thermal
propulsion in HEVs and PHEVs) and low energy density of batteries compared to fuels
(resulting from battery science). Other disadvantages concern high costs, due to early
level of industrialization, limited product ranges, and low sales. A relevant issue is the
high cost of key components, especially batteries. It must be noted that acquisition cost is
not the only economic criterion, as life-cycle costs and (lower) maintenance costs must be
also considered. To exploit the full potential of EVs, key elements are the improvement
of energy mix in power generation and the optimization of the environmental impact
of the product’s life cycle [9]. The deployment of an adequate charging infrastructure is
necessary, and the consequent impact on the power system must be considered [10]. The
impact on the power system can be exacerbated in developing countries. EV charging can
aggravate nighttime peak load in a less industrialized context, without support from solar
power [11]. In this context, opportunities for EV development, e.g., in Southeast Asia, are
discussed [12]. Another criticality in EV deployment is the decommissioning of exhaust
batteries [13].

Advantages and disadvantages of EVs concerning technology, user experience, sus-
tainability, and costs are summarized in Table 2.

Table 2. EV advantages and disadvantages in terms of technology, user experience, sustainability, and costs, elaborated
from [9].

Field of Action Advantage Disadvantage

Powertrain, storage High efficiency of powertrain
(~90% vs. ~30% of combustion engines)

Heavy propulsion system
(due to sizable battery, hybrid

propulsion)

Battery technology Rechargeability Limited life cycle, complex cell
technology

Comfort, driving Excellent acceleration, power transfer
(due to torque characteristic)

Limited range
(due to current low energy density)

Vehicle concept New vehicle concepts High design effort

Costs Decreasing life-cycle costs
(due to lower maintenance costs)

High component costs
(due to current battery price)

Ecology, sustainability No local emission Current overall carbon footprint
(due to current energy mix)

Energy storage, charging Integration of EVs into smart grids Current limited infrastructure

Studies on the diffusion of EVs in the world are, e.g., by the Fraunhofer Institute [14] or
the International Energy Agency [15]. As an example, EV registrations increased in major
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markets in 2020, notwithstanding the COVID-19 pandemic [15]. Drivers and strategies for
the expansion of EV are investigated, e.g., by Wesseling et al. [16], by Gnamm et al. [17]
for plug-in vehicles (PEVs), and by Osiecko et al. [18] in the European Union. A historical
outline and a quantitative assessment of passenger EVs compared to other technologies
are presented, e.g., by Gelmanova et al. [19]. EV technologies and data are presented, e.g.,
by Sanguesa et al. [8]. Examples of policies around the world supporting EVs are reported,
e.g., by Kong et al. [20] or by Trencher et al. [21].

The massive deployment of EVs is expected to have a number of benefits. Potential
energy saving and emission avoidance via electrification of road transports are investigated,
e.g., by Gonzalez-Palencia et al. [2,3], Uherek et al. [1], Ortmeyer et al. [4], or Harvey
et al. [5]. Models to estimate energy consumption of EVs are reviewed, e.g., by Villa and
Montoya [22]. Franzò and Nasca [23] studied the environmental impact of EVs with a
life-cycle approach. Other benefits concern the power system, as discussed, e.g., by Fan
et al. [24], Manganelli et al. [25], Mwasilu et al. [26], Cochi et al. [27], or Richardson [28].

The diffusion of EVs is strongly conditioned by the development of charging infras-
tructure, mandatory for their expansion and deployment. The EV charging system has
an unavoidable impact on the electrical grids. Studies on the implementation of charging
stations and on the issues concerning the power system are available in literature [29–31].

The diffusion of electrical mobility in cities is an investigated topic in many papers,
e.g., [8,32,33]. Airports, as major transport hubs, accommodate large parking facilities and
are strongly affected by the massive deployment of electrical mobility, as discussed, e.g.,
by Triebke et al. [34]. Few studies on the electrification of road transports to airports and
the allocation of EV charging in the airport premises are available [34–36]. Most research
on airports focuses on energy saving and integration [37–39]. Airports are regarded as
critical in the deployment of EV charging infrastructure [40]. Examples of airports with
EV charging facilities to various extents are Stuttgart [41], London Luton [42], and Toronto
Pearson [43] airports. Studies exist on approaches for the deployment of electrical mobility
in urban areas [44].

The present paper takes its cue from the necessity to upgrade airports to accommodate
EV charging infrastructure. While other studies use statistical approaches [34,35], in this
work, a deterministic approach is used, to carry out a median, deterministic analysis, based
on the large amount of detailed input data provided by the airport operator. The objectives
of the work are:

• The forecast of EV turnout at airport parking facilities at time horizon 2025–2030, for
clusters of vehicles (chauffeurs, private cars, rental cars, and taxis).

• The estimation of charging points potentially required accommodating the forecasted
EV turnout.

For the purpose of a forecast at local level (airport area), it is necessary to elaborate
forecasts at wider levels to extrapolate local results. In addition, given the specific context,
analysis of other specific data (e.g., stop duration and vehicle age) is also necessary. It
means that a specific methodology of forecast has to be formulated. The present paper
shows the methodology formulated and the results obtained. The paper is organized
as follows. Section 2 describes the case study. Section 3 deals with the analysis of EV
development scenarios at the different levels and the definition of scenarios of the forecast
at local level. In Section 4, the forecast of EV turnout for the case study is carried out. In
Section 5, the preliminary sizing of charging infrastructure for the case study is performed.
Section 6 concludes the paper.

2. The Case Study

The case study is the Rome–Fiumicino International Airport “Leonardo da Vinci”,
the major airport in Italy and the 15th busiest airport in Europe by passenger traffic in
2020 (43,532,573 passengers in 2019 and 9,486,161 in January–December 2020) [45,46]. The
landside mobility is organized in:

• Parking areas for passengers and operators.
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• Sub-concession parking areas for car rentals, chauffeurs, and buses.
• Non-sub-concession parking areas for taxis, chauffeurs, buses, and shuttles.

Transport to the airport is organized as follows [47]:

• Public collective railway transport with the city of Rome: Ferrovia Laziale FL1 local
train, Leonardo Express nonstop service.

• Public collective railway transport to major Italian cities: Trenitalia Frecciargento high-
speed trains.

• Public and private collective road transport: shuttle buses by private companies.
• Public personal road transport: taxis.
• Private personal road transport: chauffeurs and car rentals.

The forecasting methodology aims to know the demand of electrical mobility in the
airport area, split into the different categories of transport systems. For doing that, the first
steps are related to the knowledge of the EV diffusion at national level and the analysis of
EV development scenarios at international and national level.

In reference to data on EV fleet and market in Italy, the market is expanding, but it is
still limited. In 2019, approximately 39,000 EVs were sold (less than 1% of two million cars
sold) (Figure 1).
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Figure 1. Share of EVs in car fleet (a) and car sales (b) in Italy 2015–2019. 1 Range extender.

The analysis of EV development scenarios at international and national level has been
referred to from different sources, and the results of the wide analysis and comparison
is reported in the next section. From these scenarios, two reference scenarios have been
defined at national level, as a starting point of the forecasting methodology proposed in
Section 4. Estimated average BEV and PHEV penetration index on car sales, for 2025 and
2030, at world level, is reported in Figure 2.



Energies 2021, 14, 5251 5 of 19

Energies 2021, 14, x FOR PEER REVIEW 4 of 19 
 

 

• Public collective railway transport with the city of Rome: Ferrovia Laziale FL1 local 
train, Leonardo Express nonstop service. 

• Public collective railway transport to major Italian cities: Trenitalia Frecciargento high-
speed trains. 

• Public and private collective road transport: shuttle buses by private companies. 
• Public personal road transport: taxis. 
• Private personal road transport: chauffeurs and car rentals. 

The forecasting methodology aims to know the demand of electrical mobility in the 
airport area, split into the different categories of transport systems. For doing that, the first 
steps are related to the knowledge of the EV diffusion at national level and the analysis of 
EV development scenarios at international and national level. 

In reference to data on EV fleet and market in Italy, the market is expanding, but it is 
still limited. In 2019, approximately 39,000 EVs were sold (less than 1% of two million cars 
sold) (Figure 1). 

  
(a) (b) 

Figure 1. Share of EVs in car fleet (a) and car sales (b) in Italy 2015–2019. 1 Range extender. 

The analysis of EV development scenarios at international and national level has been 
referred to from different sources, and the results of the wide analysis and comparison is 
reported in the next section. From these scenarios, two reference scenarios have been de-
fined at national level, as a starting point of the forecasting methodology proposed in Sec-
tion 4. Estimated average BEV and PHEV penetration index on car sales, for 2025 and 
2030, at world level, is reported in Figure 2. 

 

0

10,000

20,000

30,000

40,000

2015 2016 2017 2018 2019

PHEV + Rex¹ BEV

0

4,000

8,000

12,000

16,000

20,000

2015 2016 2017 2018 2019

PHEV + Rex¹ BEV

0%

10%

20%

30%

40%

- 2025 2030 - - 2025 2030 - - 2025 2030 - - 2025 2030 -

BCG BNEF IEA (NPS) IEA (30@30)

BEV PHEV

Figure 2. Estimated average BEV and PHEV penetration index on car sales, for 2025 and 2030, at world level, based on
different forecasting scenarios.

3. Analysis of EV Development Scenarios at Different Levels
3.1. Global Level

The development scenarios on a global level are developed by international agencies
operating in energy, mobility, and environmental sectors, such as:

• Boston Consulting Group [48], where the analysis led to a single scenario, presented
here as BCG.

• Bloomberg NEF [49], under the assumption that in 2025, combustion engine cars and
EVs will reach economic parity, presented here as BNEF.

• IEA [50], which proposes two scenarios: IEA new policy scenario (NPS), this is the
most conservative scenario and includes the impact of announced policy ambitions,
and a more ambitious one, IEA 30@30, which accounts for the pledges of the EVs
EV30@30 campaign to reach 30% market share for electric vehicles by 2030.

The mentioned reports are compared with reference to the penetration index of new
EV registrations, where this index is defined as the ratio between the number of EVs and
the total number of vehicles expressed in percentage. In particular, the EVs considered are
only BEV or PHEV, while the timeframe examined includes the years 2020, 2025, and 2030.
Figure 3 shows the results of the comparison among the scenarios listed above in terms of
estimated average BEV and PHEV penetration index on car sales, for 2025 and 2030, at a
world level.

With global sales of new electric cars having reached 2.1 million units in 2019, the
actual global penetration index remains slightly more than 2%. According to the results
showed, this value could rapidly increase up until 2030. Indeed, whilst the sales shares for
BEV models vary between 10 to 24% by 2030, for PHEV ones, the forecasts indicate a value
between 5% and 9%.
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Figure 3. Estimated average BEV and PHEV penetration index on car sales, for 2025 and 2030, at European level, based on
different forecasting scenarios.

3.2. European Level

The projected scenarios at European level were developed by some international
agencies operating in energy, mobility, and environmental sectors, such as:

• Boston Consulting Group [48] (BCG).
• Cambridge Econometrics [51], which develops a set of three scenarios, each assuming

a different decarbonization pathway taken by most major car manufacturers to meet
EU CO2 emissions reduction targets. The scenarios are presented as: CAM, CAM
(Tech PHEV), and CAM (Tech OEM).

• Transport and Environment [52], which defines five scenarios, based on the incre-
mental fuel efficiency upgrade of future ICE car fleet. The scenarios are presented
as: TRA&ENV (b), TRA&ENV (lICE), TRA&ENV (hICE), TRA&ENV (BEV), and
TRA&ENV (PHEV).

• IEA [50], which proposes only an NPS scenario to forecast new electric vehicles sales
in Europe.

According to the CAM (Tech) scenario, ambitious deployment of fuel-efficiency tech-
nologies allowed new car sales mix to reach emissions target, with a predominance in
BEV sales. A variant of this scenario, where PHEV emerges as the dominant segment, is
represented by CAM (Tech PHEV); while in CAM (Tech OEM), there was supposed a more
ambitious deployment for advanced powertrain, in line with recent OEM announcements.

Starting with the central scenario TRA&ENV (b), transport and environment supposes
different strategies adopted by carmakers to improve the average fuel efficiency. In the
TRA&ENV (lICE) (low ICE improvement) scenario, carmakers choose not to invest in
the incremental efficiency gains of ICE engine, while in TRA&ENV (hICE) (high ICE
improvement), more hybrid vehicle sales are assumed to improve average fuel efficiency of
car fleets. Further scenarios are TRA&ENV (BEV), where carmakers focus on selling BEVs,
and TRA&ENV (PHEV), with an equal distribution between BEV and PHEV up to 2030.

Additional hypotheses, such as future declining of battery cost, growing incentive
policy announcements, and increasing of shared mobility, are just some of the bases of BCG
and IEA NPS scenarios that led to the following predictions.
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Figure 4 shows the results of the comparison among the scenarios listed above in
terms of estimated average BEV and PHEV penetration index on car sales, for 2025 and
2030, at European level.
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Figure 4. Estimated average BEV and PHEV penetration index on car sales, for 2025 and 2030, at Italian level, based on
different forecasting scenarios.

The results show an improvement on market sales at 2030 both for BEV and for PHEV
segments, which account for a total share between 6 to 36%.

3.3. Italian Level

The forecasting scenarios at national level are developed by some national and inter-
national agencies operating in energy, mobility, and environmental sectors, such as:

• Cambridge Econometrics [51], from which two main scenarios are extracted, presented
as CAM (Tech) and CAM (Tech Rap).

• Politecnico di Milano [53], with three scenarios, classified as POLIMI (b—base),
POLIMI (m—moderate), and POLIMI (a—rapid).

The CAM (Tech) scenario allows to reach the average fuel emission target set by
European directive (DAFI), while, with a faster deployment of advanced powertrain
achieved in the CAM (Tech Rapid) scenario, new car registrations in 2030 meet 25 CO2/km
emission.

The report by Politecnico di Milano presented an analysis based on vehicle stock
gained for each forecasting year. POLIMI (b) assumes a total volume of 2 million cars in
circulation in 2030, whereas the future fleet for the other scenarios increase up to 5 million
and 7.5 million, respectively, for POLIMI (m) and POLIMI (a).

Figure 5 shows the results of the comparison among the scenarios listed earlier in
terms of estimated average BEV and PHEV penetration index on car sales, for 2025 and
2030, at Italian level.
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Figure 5. Estimated average BEV and PHEV penetration index on car sales from 2020 to 2030 at Italian level (conservative
scenario).

The sales shares for BEV models in Italy vary between 14 to 54% by 2030; for PHEV
ones, the forecasts indicate a value among 6 to 34%.

3.4. Definition of Reference Forecasting Scenarios for the Case Study

Two scenarios were identified as reference, taking into consideration the studies listed
above. Given the number and variability of studies, it is necessary to condensate forecasts
into a range in which the demand of local electric mobility is presumed to vary. The
range is delimited by two scenarios constituting the envelope in which electric mobility is
forecasted to vary in the 2030 horizon, defined as:

• Conservative scenario: significant incentive policies are not considered, and it is in
line with the basic one of the Politecnico di Milano study [53], which envisages the
least expansion.

• PNIEC scenario: it is in line with the objectives on electrical mobility included in
the Italian Integrated National Plan for Energy and Climate (Piano Nazionale Integrato
per l’Energia e il Clima 2030, PNIEC) [54] (to have 6,000,000 EVs circulating in 2030);
consequently, it is the upper limit for the demand for Italian electric mobility in 2030.

The conservative scenario considers a total of 2,000,000 EVs circulating in 2030, of
which 1,200,000 are BEVs and 800,000 are PHEVs. Figure 6 shows the estimated average
BEV and PHEV penetration index on car sales from 2020 to 2030 at Italian level. Therefore,
the conservative scenario envisages a market share on sales of approximately 15% for BEVs
and 10% for PHEVs by 2030, having assumed constant annual sales equal to 1.95 million
vehicles per year. Figure 7 shows the estimated average BEV and PHEV penetration index
on car fleet from 2020 to 2030 at Italian level, with values equal to approximately 2.7% of
BEV and 1.7% of PHEV.
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The PNIEC foresees the effectiveness of investments in electric vehicles in 5–7 years,
hence an overall diffusion of roughly 6 million EVs, of which 4 million are pure EVs (BEV)
and 2 million are hybrid EVs, by 2030. Assuming this target is achieved, there will be
44 million vehicles circulating, with 14% made up of EVs (BEV or PHEV), in 2030. The
trend for the intervening years was calculated by interpolating data with a logistic curve
(sigmoidal), whose equation is:

f (x) =
Y

1 + e−
x−µ

s
(1)

The assumptions used to uniquely determine the equation are as follows: the choice
of the horizontal asymptote, represented by the constant Y, is carried out, imposing for
every typology a saturation level in the new registration in line with the values presented
in the analyzed reports, for which the phase-out year in the sale of conventional technology
is set at 2040 with a ratio of BEV to PHEV equal to 2:1.

• The number of cars sold in 2019, for every typology, is obtained from the historical
analysis.

• The number of cars sold in the horizon year 2030 is such to make the fleet in circulation
reach the corresponding value for the scenario considered.
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As shown in Figure 8, the PNIEC scenario envisages a penetration index of sales of
about 50% of BEV and 25% of PHEV, having assumed the total annual sales as constant
and approximately equal to 1.95 million of vehicles/year. The penetration index on the car
fleet is shown in Figure 9 and it is about 9% of BEV and 4.5% of PHEV.

Energies 2021, 14, x FOR PEER REVIEW 10 of 19 
 

 

 
Figure 8. Estimated average BEV and PHEV penetration index on car stocks from 2020 to 2030 at Italian level (PNIEC 
scenario). 

 
Figure 9. Comparison of estimated average penetration index on Italian car sales in 2025 and 2030, for the different sce-
narios. 

The market share of BEVs and PHEVs in the two developed scenarios is shown, for 
the years between 2020 and 2030, in Figure 10, where a comparison with the various liter-
ature scenarios is also reported. 

  

Figure 8. Estimated average BEV and PHEV penetration index on car stocks from 2020 to 2030 at Italian level (PNIEC
scenario).

Energies 2021, 14, x FOR PEER REVIEW 10 of 19 
 

 

 
Figure 8. Estimated average BEV and PHEV penetration index on car stocks from 2020 to 2030 at Italian level (PNIEC 
scenario). 

 
Figure 9. Comparison of estimated average penetration index on Italian car sales in 2025 and 2030, for the different sce-
narios. 

The market share of BEVs and PHEVs in the two developed scenarios is shown, for 
the years between 2020 and 2030, in Figure 10, where a comparison with the various liter-
ature scenarios is also reported. 

  

Figure 9. Comparison of estimated average penetration index on Italian car sales in 2025 and 2030, for the different scenarios.

The market share of BEVs and PHEVs in the two developed scenarios is shown, for the
years between 2020 and 2030, in Figure 10, where a comparison with the various literature
scenarios is also reported.



Energies 2021, 14, 5251 11 of 19
Energies 2021, 14, x FOR PEER REVIEW 11 of 19 
 

 

 
Figure 10. Summary of forecast methodology. 

4. Forecasting of Rome–Fiumicino Airport EV Development Scenarios 
4.1. Data and Methodology 

From the scenarios defined for the international and national level, a methodology is 
defined to deduce the evolution of landside mobility for the Rome–Fiumicino airport. The 
context is peculiar due to the different distribution of vehicle clusters (private vehicles, 
taxis, chauffeurs, buses), compared to national data. 

Supplemental data are used to support the analysis, which are as follows: 
• Characterization of parking areas (via satellite imaging of public domain). 
• Identification of internal collective transport lines (shuttles). 
• Identification of public transport line. 
• Data on stops in 2019 (duration, number of vehicles, and registration plates). 
• Hourly detection of private traffic flows. 

The main steps of the methodology are as follows: 
• Analysis of the consistency of parking areas (via identification of areas from satellite 

imaging and allocation to cluster of users) to allocate charging points. 
• Analysis of the duration of stops (from data provided by ADR) to allocate type of 

charging points (slow/fast charging). 
• Analysis of vehicle age distribution (from license plate data provided by ADR) to 

estimate the renewal rate by cluster and the consequent EV penetration. 
• Estimation of EV access number by cluster; obtained by combining the age distribu-

tion profiles with the sales forecasts derived from the analysis of the scenarios. 
• A block diagram summarizing the main steps of the methodology is shown in Figure 

10. 
Access data on license plates and duration of stops are provided by AdR Mobility 

[55] for multistory and long-stop car parks, while data on car parks for employees are not 
available. Data include license plate, duration of stop, and date and time of entry and exit. 

Only the first two letters of license plates (in the Italian format AA 000 AA) were 
acquired for the sake of privacy. Registration date was then estimated via linear interpo-
lation on registration of license plates. Results show a concentration of stops shorter than 
30 min for cars newer than one year, which is ascribed to rental cars crossing the multi-
story parking: to filter data, only stops longer than 30 min are considered. 

Combining the age distribution profiles and EV sales forecast for the two reference 
scenarios, the percent of EV accessing airport car parks in the time horizon can be esti-
mated, as follows: 

𝑃 = 𝑝  𝑞  (2)

where pi is the number of EVs registered in the year I, qi is the number of vehicles, regis-
tered in the year i, in the car parks; and n is the time horizon, chosen as 10 years. A similar 
forecast is performed for other clusters (chauffeurs, taxis, and rental cars), assuming: 
• An expected life of 5 years for taxi cars. 

Figure 10. Summary of forecast methodology.

4. Forecasting of Rome–Fiumicino Airport EV Development Scenarios
4.1. Data and Methodology

From the scenarios defined for the international and national level, a methodology
is defined to deduce the evolution of landside mobility for the Rome–Fiumicino airport.
The context is peculiar due to the different distribution of vehicle clusters (private vehicles,
taxis, chauffeurs, buses), compared to national data.

Supplemental data are used to support the analysis, which are as follows:

• Characterization of parking areas (via satellite imaging of public domain).
• Identification of internal collective transport lines (shuttles).
• Identification of public transport line.
• Data on stops in 2019 (duration, number of vehicles, and registration plates).
• Hourly detection of private traffic flows.

The main steps of the methodology are as follows:

• Analysis of the consistency of parking areas (via identification of areas from satellite
imaging and allocation to cluster of users) to allocate charging points.

• Analysis of the duration of stops (from data provided by ADR) to allocate type of
charging points (slow/fast charging).

• Analysis of vehicle age distribution (from license plate data provided by ADR) to
estimate the renewal rate by cluster and the consequent EV penetration.

• Estimation of EV access number by cluster; obtained by combining the age distribution
profiles with the sales forecasts derived from the analysis of the scenarios.

• A block diagram summarizing the main steps of the methodology is shown in
Figure 10.

Access data on license plates and duration of stops are provided by AdR Mobility [55]
for multistory and long-stop car parks, while data on car parks for employees are not
available. Data include license plate, duration of stop, and date and time of entry and exit.

Only the first two letters of license plates (in the Italian format AA 000 AA) were ac-
quired for the sake of privacy. Registration date was then estimated via linear interpolation
on registration of license plates. Results show a concentration of stops shorter than 30
min for cars newer than one year, which is ascribed to rental cars crossing the multistory
parking: to filter data, only stops longer than 30 min are considered.

Combining the age distribution profiles and EV sales forecast for the two reference
scenarios, the percent of EV accessing airport car parks in the time horizon can be estimated,
as follows:

P =
n

∑
i=1

pi qi (2)

where pi is the number of EVs registered in the year I, qi is the number of vehicles, registered
in the year i, in the car parks; and n is the time horizon, chosen as 10 years. A similar
forecast is performed for other clusters (chauffeurs, taxis, and rental cars), assuming:

• An expected life of 5 years for taxi cars.
• An expected life of 2.5 years for a rental car.
• The same age profile for airport operators’ vehicles as those of passengers.
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• Saturation of the logistic curve 5 years forward for taxis and chauffeurs compared to
private cars.

4.2. Results

Parking areas can be divided by type of users (employees or passengers) or by duration
(long or short stop). Passenger parking areas are the multistory car parks (A to D), the
long-stay car park, and the kiss-and-go car park. Other parking areas are the chauffeur
buffer, the taxi buffer, the bus buffer, the car park for employees, and the car park for rental
cars. The distribution of parking areas by type is reported in Figure 11.
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Figure 11. Allocation of car park spaces.

Figure 12 reports the distribution of stop durations. The data show about 2.2 million
stops in 2019, resulting in a total duration of about 23 million hours. The number of very
short stops is due to rental cars and kiss-and-go stops.
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Figure 12. Stop duration distribution.

Vehicle age distributions for the airport and the province of Rome are compared in
Figure 13. The difference is due to two causes:

• Vehicles accessing airport car parks (particularly the multistory car park) are often
company cars, which are usually replaced more frequently than private cars.

• Old cars travel fewer kilometers per year, while users travelling more are forced to
replace cars frequently due to wear, thus newer cars are likely to be a significant part
of airport car park use.
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Figure 13. Comparison of vehicle registration distribution (Rome–Fiumicino airport vs. province of Rome).

The comparison shows that the age profile of car stock differs from that of vehicles
accessing the airport. Thus, a preliminary sizing of charging infrastructure cannot be
carried out simply based on car fleet data, but the specific context must be considered.

Figure 14 reports the distribution of stop durations by vehicle age.
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Figure 14. Distribution of stop duration by vehicle age.

The EV penetration forecast is reported for private cars (Figure 15), taxis and chauf-
feurs (Figure 16), and rental cars (Figure 17).
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Figure 15. EV penetration index forecast for Rome–Fiumicino airport for private cars.
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Figure 16. EVs penetration index forecast for Rome–Fiumicino airport for taxis and chauffeurs.
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Figure 17. EV penetration index forecast for Rome–Fiumicino airport for rental cars.

5. Preliminary Sizing of Charging Infrastructure

The total number of charging stations can be calculated according to the following
Equation:

NCS = NPSp × fEV × fUT Park × fUtChSt (3)

where NPSp is the total vehicle capacity of the parking area, fEV is the percentage of BEV
and PHEV vehicles out of the total number of vehicles, fUT Park. is the ratio between the
recorded or estimated maximum occupancy of the parking and its total vehicle capacity
(in a preliminary analysis this can be considered 1), and fUtChSt. is the share of EVs that
actually use the charging infrastructure. Evaluating the last is more complex, since there are
no data on typical EV owner charging behavior in airport parking yet. The best approach,
in this case, is to start with a conservative value of 1 and perform periodic evaluations of
the parameter once the infrastructure deployment starts and real data become available.
Given the predicted steep rise in the number of EVs, even a significant oversizing of the
initial deployment can be easily compensated by slightly delaying the following phases of
infrastructure deployment.

For passenger vehicles, it is also possible to differentiate between fast and slow
charging station. The proposed method is to use the data of parking area usage by class of
park duration; for this purpose, only two clusters are relevant, that of parking lasting less
than two hours and that of parking lasting more. The analysis of data allows obtaining the
share of total parking spot usage by duration, reported in Table 3.

Table 3. Share of total parking spot usage by duration.

Parking Duration Share of Total Parking Spot Usage *

<2 h 2.8%
>2 h 97.2%

* Parking spot usage is the product of the number of parking spots and their duration of usage.

Combining this data with the prospected share of BEVs and PHEVs, the total share of
fast charging stations can be calculated as:

SFastCharge = BEV% × SP% (4)
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where BEV% is the share of BEVs, and SP% is the share of total parking spot usage by
vehicles parking less than 2 h. The main assumptions are that no PHEV uses fast charging
stations and that only BEVs parking for less than 2 h are potential users of fast charging
stations (P > 22 kW). It is also assumed that parking spaces reserved for long stays will
only have slow charging stations. The results in terms of EV charging stations number
forecasting are summarized in Table 4.

Table 4. EV charging stations number forecasting.

Scenario Horizon Parking Category Slow Charging Stations Fast Charging Stations

Conservative
Scenario

2025
Multistorey park 354 14

Long-stay park 270 0

2030
Multistorey park 1.494 56

Long-stay park 1.137 0

PNIEC Scenario
2025

Multistorey park 645 26

Long-stay park 492 0

2030
Multistorey park 2.939 108

Long-stay park 2.235 0

Evaluating the impact on the airport power systems and the need for upgrading of
the present electrical infrastructure are the subjects of ongoing research.

Concerning free shuttles for passengers and employees, the present electrification
plan already envisages the implementation of 10 charging stations, 88 kW each, with total
power of 880 kW, assuming unitary simultaneity factor.

Finally, some considerations can also be made regarding the airside mobility. The
starting hypothesis is that a complete conversion of the existing fleet from combustion
engines to EVs is scheduled in the airport mobility plan. The airside fleet includes the
vehicles whose features are summarized in Table 5.

Table 5. Airside vehicles in Fiumicino airport: main features.

Vehicle Power (kW) Quantity Capacity (kWh) Consumption (MWh)

Passenger boarding lift 10 16 15 28
Drinking water tank

truck 10 13 15 23

Lavatory truck 10 13 15 23
Shuttle bus 160 119 120 3998
Lift truck 10 7 15 12
Catering 10 22 15 38
Forklift 10 13 15 23
Loader 75 59 96 654

Onboard cleaning 10 10 15 17
Minibus 25 29 120 974

Conveyor belt 33 106 36 641
Towable passenger

stair 13 186 35 990

Transporter 33 49 36 296
Large tractor 10 35 36 397
Small tractor 68 65 204 2785

Total 37,446 742 51,481 10,899

Obviously, the contemporaneity in charging of all the airside vehicles cannot be high,
and it will be contained with suitable planning of the recharging times. Assuming a
contemporaneity of 50%, the expected committed power is approximately 20 MW.
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6. Conclusions

The electrification of the automotive industry is ongoing, as a means to reduce en-
vironmental impact of transports. With airports serving as major transportation hubs,
operators are interested in forecasting the demand for electrical mobility associated with
airport operation, to be prepared for the adaptation of the infrastructure.

In this work, the authors propose a methodology for estimating the evolution of the
demand for electric mobility in an international airport (Rome–Fiumicino, Italy) in the
near future, and discuss the consequent demand for charging infrastructure. First, a wide
review of proposed scenarios on the penetration of EVs at international and national level
and available data on local automotive transport was presented as a preliminary study for
the definition of reference scenarios for the local context. Then, the methodology proposed
was presented and applied to the specific case study. Finally, a preliminary sizing of the
required charging infrastructure was reported.

The main results obtained can be so summarized:

• The estimated share of EVs accessing Fiumicino airport parks in 2025 is between 3%
and 7%.

• The estimated share of EVs accessing Fiumicino airport car parks in 2030 is between
10% and 35%.

• The charging points potentially necessary to serve the share of EVs (private cars, taxis,
NCC) affluent to the Fiumicino airport parks are 550–1100 in 2025 and 2300–7000 in
2030.

• The total power of recharging points relating to shuttles, buses, and TPL is estimated
to be equal to 4.5 MW.

• The total power for airside vehicle recharging is estimated to be equal to 20 MW with
contemporaneity assumed at 50%.

The study was based on data prior to the COVID-19 pandemic; a delay in the actual
achievement of the identified scenarios is possible.

The main qualitative conclusion is that a significant impact on the airport electricity
network can be foreseen, and it requires proper planning of adaptation/upgrading actions.
In addition, a smart charging system can be suggested for optimizing the management of
the charging and reducing the impact on the electrical infrastructure.

The proposed approach can be considered as a reference for similar studies on electrical
mobility in other airport areas around the world.
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