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Abstract

This paper presents a comprehensive evaluation of the sustainability of Advanced Air Mobility (AAM) within urban and
regional mobility infrastructure, utilizing Paris as a prominent case study. Driven by ambitious environmental targets, Paris
aims to transform its transportation landscape into a cleaner, safer ecosystem. Collaborating with public and private stakehold-
ers, the region has positioned AAM as a promising facet of future mobility, highlighted by the world’s first scheduled com-
mercial electric Vertical Take-Off and Landing (eVTOL) air taxi service during the 2024 Olympic Games. The study’s main
goal is to assess the energy consumption and CO, emissions of AAM aircraft across typical flight missions, encompassing
urban and regional routes. A comparison is drawn between eVTOL performance and conventional modes, such as cars, public
transport, and helicopters. However, it is important to note that only direct connections were considered for these time-savings,
and boarding and de-boarding times as well as delays were not accounted for in the flight duration. On urban routes spanning
50 km, eVTOLs offer noteworthy time-savings of around 23 min compared to cars and 22 min compared to public transport.
Moreover, concerning specific scenarios, eVTOLs demonstrate substantial time-savings for regional routes of 300 km—averag-
ing 76 min compared to cars and 69 min compared to trains. Regarding CO, emissions, a contrast emerges between urban and
regional contexts. Urban eVTOL operations are relatively less eco-friendly due to higher energy consumption, than electric
cars. While multicopters consume 47% less CO, than traditional helicopters, they surpass petrol cars by 13%, diesel cars by
19%, and electric cars by up to 256%. In contrast, for regional travel, Lift-and-Cruise 1 eVTOLSs consume 77% less CO, than
average helicopters, 46% less than petrol cars, and 44% less than diesel cars, but emit 68% more than electric vehicles and 96%
more than electric trains. In summary, while eVTOLSs offer significant time-savings and CO, reductions on regional routes
compared to traditional helicopters and fossil-fueled cars. However, it’s essential to note that the comparison on urban routes
compared to battery-powered vehicles and electric trains in terms of CO,(eq) kg/person requires the eVTOL to produce higher
emissions due to the higher energy requirement, which depends on the specific operating conditions. To harness AAM’s full
potential for Paris’s sustainability goals, policymakers, manufacturers, and researchers should explore diverse configurations,
account for real-world operations, and seamlessly integrate eVTOLSs into the broader transportation framework. This approach
can pave the way for less emission, and more efficient urban and regional transportation futures.

Keywords Advanced air mobility - Urban air mobility - Regional air mobility - Electric vertical take-off and landing
vehicle (€VTOL) - Air taxi - Sustainability - Time-saving - Energy demand - CO, emission - Paris - France
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s Distance

tc Cruise time

ty Hover time

&c Lift-to-drag ratio

e Travel efficiency

Ny Hovering efficiency

Hy Weight ratio of BM and Max. Take-off Weight
p Air density

AAM Advanced Air Mobility
GHG Greenhouse gas

MTOW Maximum take-off weight
PAX Passenger

RAM Regional Air Mobility
UAM Urban Air Mobility

1 Introduction

Advanced Air Mobility (AAM) is an air transport sys-
tem concept that integrates new, transformational aircraft
designs, known as air taxis, and flight technologies into
existing and modified airspace operations [1]. Electric Ver-
tical Take-off and Landing (eVTOL) vehicles are the focus
of this new transport technology. Considering the growing
sustainability awareness of potential customers, eVTOL con-
cepts are advertised to be especially free of emissions and
contribute to the reduction of greenhouse gas (GHG) emis-
sions, while quiet enough to operate in urban or regional
environments without disturbing residents.

The Paris Climate Action Plan, launched in 2018, out-
lines a comprehensive strategy to reduce GHG emissions by
improving energy efficiency from buildings, transportation,
and waste management. Based on this, the municipality of
Paris wants to be a carbon—neutral city, powered completely
by renewable energy until 2050 [2].

Paris will host the Olympic Games 2024 and the world
eagerly awaits the possibility of witnessing the first-ever
commercial air taxi flight during this prestigious event [3].
This groundbreaking moment would not only enhance acces-
sibility for travelers but also showcase the aviation industry’s
commitment to sustainability and time-saving convenience.

Additionally, Paris is building a new metro line that
will provide a direct connection from the city to the airport
by 2030 [4]. This crucial infrastructure improvement will
greatly simplify the accessibility of citizens and tourists to
the airport and introduce another convenient and time-effi-
cient transportation option. Paris’s clear focus is on innova-
tive and sustainable transport solutions. [2]

However, are eVTOLSs as sustainable in terms of time
efficiency as assumed, especially additionally considering
their energy demand? The deployment of AAM in Paris
raises questions about its sustainability, particularly in terms
of energy demand and resulting CO, emissions. According
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to the International Energy Agency, aviation is responsible
for approximately 2.5% of global CO, emissions [5]. While
eVTOL aircraft may offer a more sustainable alternative
to traditional helicopters, their energy demand and carbon
footprint during operation must still be considered in its
assessment.

The Paris Region is home to 18.3% of the French popula-
tion with around 12.3 million inhabitants and is a gateway to
Europe and the world. It is easy to access with three interna-
tional airports and seven TGV high-speed train stations that
connect it to all of the world’s major economic centers [6].
Paris Region accounts for 70% of French train traffic, with
five million passengers traveling by train in France every
day, including 3.5 million in the Paris Region. The Gare
du Nord, one of the ten main train stations in Paris, is the
busiest station in Europe, with over 200 million passengers
per year [6]. In the Paris region, the average number of daily
trips per person is 3.8, but this number hides strong dispari-
ties. Parisians themselves travel the most with an average of
4.3 trips per day, but cover the shortest distance by 12 km.
Conversely, residents of the outer suburbs travel farther by
24 km. It is the working population who travels the most,
with an average of 4.3 trips per day. However, the daily time
budget for travel is the same regardless of location, at 1h30
per day. Even in the outer suburbs, some people only travel
within their local area, which balances the time budgets of
those who go to Paris [7].

1.1 Aim

In this paper, we address the question if eVTOLSs can be a
sustainable solution for urban or regional transportation in
the Paris region. Specifically, the study will focus on the
time-saving, but also on the energy demand and carbon foot-
print of eVTOL aircraft during operation by conducting a
joint case study of respective plans for AAM in Paris. In this
regard, there are two essential aspects which contribute to
the success of the air taxi technology:

1) Do air taxis reduce commute travel time compared to
conventional transportation solutions?

2) Do electric air taxis decrease the carbon footprint of
travel compared to conventional transportation solutions?

1.2 Related work

As part of DLR’s internal project, HorizonUAM, the focus
lies on evaluating the potential and challenges presented by
air taxis and Urban Air Mobility (UAM) concepts. A study
conducted within this project utilizes a drone traffic scenario
generator and 4D trajectory planning technology, tested
within the urban landscape of Hamburg, Germany. Through
a comparative analysis of travel times and distances, the
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research underscores a noteworthy 50% reduction in travel
time and an impressive up to 16% decrease in route length
for air taxis compared to conventional taxicabs. [8]

The ASSURED-UAM project, led by Lukasiewicz
Research Network—Institute of Aviation, represents the
acceptability, safety, and sustainability of UAM, thereby
providing a valuable reference point. The analysis of energy
efficiency parameters offers a framework for contrasting
UAM passenger transportation with conventional ground-
based methods. This approach draws from insights obtained
from urban mobility evaluations, facilitating a comprehensive
assessment of UAM’s energy efficiency within the broader
transportation landscape. Addressing environmental ramifi-
cations, discernible trends emerge. Notably, smaller aircraft
with modest payloads exhibit lower carbon footprints, par-
ticularly during operations compared to larger aircrafts. The
interplay between carbon emissions and a nation’s electricity
mix becomes evident, with a clear correlation between fossil
fuel contribution and carbon footprint. Furthermore, nuanced
insights emerge regarding aircraft specifications, operational
concepts, and infrastructure, each influencing carbon foot-
prints across different phases of an aircraft’s lifecycle. [9]

In summary, the amalgamation of these studies under-
scores a comprehensive understanding of UAM’s sustain-
ability implications, as well as its potential energy efficiency
benefits. These insights can be harnessed to critically evalu-
ate electric air taxis’ carbon emissions, particularly about
traditional modes of transportation, such as helicopters, pet-
rol, diesel, hybrid, electric cars, public transport, and electric
trains. The collective research showcases the urgency and
global significance of devising environmentally sound urban
mobility solutions.

2 State of the art
The second chapter provides an overview of the latest con-

cepts and advancements in the operation of AAM. This
chapter also aims to offer a comprehensive understanding

Fig.1 AAM based on UAM
and RAM
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of the energy demand based on existing battery technolo-
gies used in eVTOLSs, and the differences in CO, emissions
among various traditional modes.

2.1 Advanced air mobility

AAM refers to the use of aircraft in urban and regional areas
to address traffic congestion and enhance overall mobility
[10]. With the advancements in technology and the integra-
tion of Artificial Intelligence, AAM is expected to become
a reality in Europe within the next 3-5 years [11]. While
the term encompasses a broader range of use cases, this
paper primarily focuses on the passenger transport aspects
of AAM. In this context, two main use cases for AAM are
discussed: Urban Air Mobility (UAM) and Regional Air
Mobility (RAM) as depicted in Fig. 1. Each of these sce-
narios presents a unique opportunity to revolutionize urban
and regional transportation and offers fast, efficient, and
environmentally friendly alternatives to conventional com-
muting methods.

Within the UAM scenario, eVTOL vehicles are designed
to travel within a city, covering distances of about 50 km.
This allows passengers to bypass long traffic jams and move
swiftly to their destinations, contributing to smoother urban
mobility.

On a larger scale, the RAM transport use case involves
eVTOL vehicles traveling over distances of up to 300 km
within highly urbanized areas. This holds the potential
for valuable traffic relief and improved overall mobility in
densely populated cities. Each of these use cases presents its
own set of challenges and opportunities that require careful
evaluation and consideration to realize the full potential of
AAM [10].

2.2 Evtol types
There are currently over 900 VTOL concepts with a

large variety of technological maturity and different con-
figurations [12]. Most of these concepts are propelled by

Urban Air Mobility

(< 50 km)

Regional Air Mobility

(< 300 km)
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electric motors with energy supplied by battery systems
[13]. Some of them use a hybrid-electric approach where
combustion engines act as generators [14]. Essentially, the
various concepts architectures can be differentiated by the
use of a wing for highly efficient cruise flight or being
wingless [15]. In Fig. 2, the four most common architec-
tures of eVTOL are shown and compared against their
forwarded and vertical lift.

The multicopter configuration has high hover lift effi-
ciency and low disk loading due to its high number of
rotors. This means that it can take off and land vertically,
but is less efficient during horizontal flight than other types
due to high power demand. [17]

Lift-and-cruise configurations have higher cruise effi-
ciency and therefore able to fly longer distances compared
to multicopters. This configuration can transit from ver-
tical take-off to horizontal flight, allowing them to take
advantage of both modes. [14]

Tilt-rotor or tilt-wing configurations have lower hover lift
efficiency and higher disk loading than multicopter or lift-
and-cruise models, resulting in higher power demand and
lower efficiency. However, these models are better suited

for longer distances due to their ability to fly faster and their
longer range. [14, 17]

Vectored-thrust or fixed-wing configurations have low
hover lift efficiency and high disk loading, meaning they
are highly efficient in forward flight. However, they are less
efficient in vertical take-off and landing than tilt-rotors or
lift-and-cruise models. [13]

2.3 Lithium-ion battery

Batteries play a critical role in the operation of eVTOLSs
as they provide the power required for the electric motors
to lift the aircraft off the ground and maintain flight. The
state of the art in battery technology for eVTOLSs is rapidly
evolving, with research focused on increasing gravimetric
energy density, reducing weight, and improving safety.
Lithium-ion batteries are commonly employed in the cur-
rent generation of eVTOL aircraft due to their high energy
density and well-established performance characteristics
[12]. This battery type has till today’s state a gravimetric
energy density between 150 and 350-Wh/kg on pack-level
and proven reliability (See Fig. 3).

eVTOL Aircraft
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Fig.2 eVTOL configurations [16]
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2.4 Energy demand of evtol

The energy demand of eVTOLs depends on various fac-
tors, such as their weight, design, propulsion system, and
operational mode. Generally, eVTOLSs require consider-
able amounts of energy for the phase during VTOL com-
pared to the horizontal flight. [14] Additionally, it is the
energy demand further affected by the duration of hov-
ering, as well as weather conditions. Therefore, eVTOL
manufacturers are continuously exploring ways to improve
the efficiency of their vehicles through the use of light-
weight materials, advanced propulsion systems, and opti-
mized operational procedures. The energy demand of
eVTOLs is a crucial factor in determining their commer-
cial viability as it directly affects operating costs, range,
and environmental impact. [19, 20]

To determine the power and the energy needed for the
hovering flight of eVTOLSs, it is necessary to calculate the
thrust. [21] The climb and the descent phases are less sig-
nificant regarding total flight time as the additional energy
required for climbing is offset by the reduced energy
needed during descent.The energy demand during hover-
ing flight Ey is calculated as the product of the maximum
take-off weight (MTOW), acceleration due to gravity (g),
and the square root of the ratio of MTOW, gravity (g), air
density (p), and rotor area (A,), divided by the hovering
efficiency (1), and multiplied by the time spent in hover-
ing flight (#y) as described in [22]:

MTOW -
Ey = MTOW - g4 8. L )
2pAr My

Equation 2 determines the required power demand dur-
ing cruise (E) flight for all types of eVTOL. The energy
demand during cruise flight is calculated as the product of
the maximum take-off weight (MTOW), acceleration due to
gravity (g), the inverse of the Lift-to-drag ratio (), the real

airspeed (v,,), the inverse of the hover efficiency (), and
the time spent in cruise flight (¢.) as in described in [22]:

Ec=MTOW .g- -

1
. — f.
Ec Vreal fe C (2)

The energy capacity (Eg) of the battery depends on the
total mass of the battery pack (BM) and the effective gravi-
metric energy density on a pack level (e,):

BM

EB=eA'BMWithMA=m' (3)

2.5 Energy demand of ground vehicle

The energy demand for vehicles is a crucial factor in deter-
mining their environmental impact and overall efficiency.
Petrol- and diesel-powered vehicles have long dominated
the automotive landscape, primarily relying on their internal
combustion engines to generate power. The energy demand
for these vehicles is closely linked to their fuel consumption,
measured in 1/100 km.

In contrast, electric-powered vehicles, such as electric
cars and trains, represent an eco-friendly alternative. The
energy demand for these vehicles is measured in kilowatt-
hours per 100 km (kWh/100 km). Electric vehicles rely on
batteries to store electrical energy, which powers electric
motors to drive the wheels. Their energy efficiency is con-
siderably higher than traditional internal combustion engine
vehicles as they convert a larger portion of the energy from
the grid into actual propulsion (see Table 1).

Use Eq. 4 to determine the energy demand for all types of
ground vehicles (EG), like cars, based on distance multiplied
by heat value (%,) and fuel consumption (f,):

EG—L

= 100 ® h, ok f. 4)

2.6 Carbon dioxide equivalent/ CO, (eq)

Based on Eurostat definition of carbon dioxide equivalent,
CO, equivalent or CO, (eq) is a metric measure used to com-
pare the emissions from various greenhouse gasses based

Table 1 Average European heat value and fuel consumption of
ground vehicles [23-25]

Vehicle Dh, D f. Energy consumption
[(kWh/1] [kWh/km]

Petrol car 8.2 8.41/100 km 0.68

Diesel car 9.7 6.7 1/100 km 0.65

Electric car - 15 kWh/100 km 0.15
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on their global warming potential by converting amounts of
other gasses to the equivalent amount of CO, with the same
global warming potential. [26]

The carbon footprint of electric vehicles depends on the
energy mix used to generate the electricity. If the electricity
comes from renewable sources, such as wind or solar power,
the carbon footprint of electric vehicles can be close to zero
without considering the manufacture of batteries and the
vehicle itself. The considerations of practical terms, certain
emissions associated with the production, transportation,
and installation of renewable energy infrastructure may be
accounted for, thus affecting the total emissions over the life-
cycle. However, if the electricity comes from power plants,
such as coal-fired plants, the carbon footprint of electric
ground vehicles remains substantial by around 50 g of CO,
per km, which is still better than conventional vehicles. [25]

The CO, emissions depend on the energy demand and
the energy source. Even fully electric UAM vehicles are
not completely free of carbon emissions as the source of
the electricity used to charge the batteries has an essential
impact on the carbon footprint of the vehicle. [24]

Recent studies have shown that the primary energy
demand and the CO, emissions of eVTOLs are notably
lower than those of conventional aircraft. According to a
report by Roland Berger, eVTOLSs reduce CO, emissions by
up to 50% compared to conventional helicopters [27]. Addi-
tionally, a study by the University of Michigan found that
eVTOLSs can reduce up to 40% of energy demand compared
to ground-based electric cars [28]. These results demonstrate
the potential for eVTOLS to improve sustainability.

The study by Carnegie Mellon University examines the
energy demand and GHG emissions of a very small quad-
copter drone used for last-mile deliveries. The model showed
that an electric quadcopter drone transporting a package of
0.5 kg consumes 0.08 MJ/km and causes 70 g of CO, (eq)
considering the electric energy mix in the United States.
Comparisons with other vehicles show that drones can
reduce energy consumption by 94% and 31% and GHG
emissions by 84% and 29% per package delivered by replac-
ing diesel trucks and electric vans, respectively [29].

Formula (5) describes the calculation of operational CO,
emissions for UAM vehicles based on energy demand during
hover and cruise mode (EHC) and energy mix (e

mix)

CO, emission = Eyc * e, 5)

Table 2 provides a quick comparison of the average CO,
emissions per passenger for different types of ground vehi-
cles, ranging from traditional petrol and diesel cars to hybrid
and electric vehicles, as well as public transportation, like
bus, tram, and metro.
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3 Research gap

Current research lacks quantifiable comparisons of CO,
emissions and time-savings between eVTOLs and conven-
tional transport modes like helicopters, cars, and public
transportation due to insufficient data. This study aims to
address this gap by collecting empirical data, performing a
detailed comparative analysis on urban and regional routes,
and considering the realistic energy demand during hover
and cruise by different eVTOL configurations during a flight
mission. Additionally, the European electricity mix will be
utilized to ensure a valid comparison of different transport
modes.

4 Methodology

This chapter describes the approach to determine the CO,
emissions of helicopters and UAM vehicles for relevant
routes in the context of the Paris 2024 Olympic Games.

4.1 Selected flight mission profile

To determine the energy demand of eVTOLS, the flight sce-
nario is divided into two main phases, namely hover and
cruise. The energy demand of the selected eVTOLSs is evalu-
ated by analyzing the calculated results based on the selected
properties under optimal conditions as shown in Fig. 4.

The selected UAM mission profile includes 30-s hover
phases for both take-off and landing and a cruise at 150 m
altitude. The vehicle carries four passengers (including the
pilot) and uses a battery with 250 Wh/kg energy density.
The weather conditions is set by no headwind and an air
temperature of 15 °C.

The energy demand calculations are performed using a
calculation tool developed as part of prior research efforts.
This tool, detailed in [31], enables the integration of equa-
tions and data to accurately determine the energy demand
during hover and cruise phases based on realistic techni-
cal specifications of eVTOLs and mission profiles. The

Table 2 Selected European

Vehicle CO,
average CO, per PAX of ground
hicles [25, 30 (eq)/
vehicles [25, 30] PAX
[gr/km]
Petrol car 110
Diesel car 100
Hybrid car 65
Electric car 35

Public transportation 64

Electric train 36
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development of this tool was outlined in a prior study, pro-
viding the framework for the generation of results within
this current work.

4.2 Selected flight routes

In this paper, the starting point is the Place de la Concorde
in the city center of Paris. According to the City of Paris,
which provides real-time traffic updates through its website,
traffic congestion is often high between 2 and 4 PM in the
city center.

Using Google Maps, the average distance and the travel
time of seven days are calculated to ensure a representative
analysis (see also APPENDIX). This step is repeated for
both the use cases UAM (max. 50 km) and RAM (max.
300 km).

All distances are determined under the assumption of
a direct flight path without considering airspace structure,
routing restrictions, and topography influence.

The map illustrates a set of UAM routes centered around
Place de la Concorde in Paris, designed to enhance transpor-
tation during the Olympic Games 2024. These routes con-
nect Place de la Concorde to 8 key locations, with distances
ranging from 2 to 29 km (See Fig. 5).

The destinations include Charles de Gaulle Airport
(29 km), a major international airport to the northeast, and
Stade de France (7.5 km), the national stadium located in
the northern suburbs. Other significant points include Gare
du Nord (3.2 km) and Gare de Lyon (4.6 km), two of the
busiest railway stations in Europe, positioned in the northern
and southeastern parts of the city, respectively. Orly Airport
(15 km), the second international airport, is located to the
south of Paris. The iconic Eiffel Tower is also a destination,
situated 1.9 km from the heart of the city. To the south-
west lies the historic Palace of Versailles (16 km), while La
Défense Arena (7.4 km), a large indoor arena in the business

district of La Défense, is located to the west. Each route is
depicted by a line emanating from Place de la Concorde to
these destinations, highlighting the proposed UAM routes
intended to facilitate quick and efficient transportation dur-
ing the Olympic events (see Table 3).

The map illustrates a set of RAM routes designed to
enhance connectivity between Place de la Concorde in Paris
and 8 key cities across France. These routes, spanning dis-
tances from 69 to 240 km, aim to improve regional acces-
sibility and transportation efficiency (see Fig. 6).

The destinations include Calais (240 km), situated to the
north and known for its proximity to the English Channel
and the Channel Tunnel. Lille (205 km), another northern
city close to the Belgian border, is also connected. To the
east, Reims (140 km) is included, a city renowned for its
cathedral and champagne production. To the south of Paris,
the routes extend to Orleans (103 km), a city with significant
historical importance. Le Mans (185 km), famous for the 24
Hours of Le Mans car race, is located to the southwest. The
northwest routes connect to Rouen (101 km), known for its
medieval architecture, and Le Havre (179 km), a major port
city on the northern coast. Additionally, Beauvais (69 km),
located north of Paris and home to an airport serving budget
airlines, is part of this network. These RAM routes highlight
the strategic links between Paris and these regional hubs,
facilitating quick and efficient travel across a broader geo-
graphic area (see Table 4).

4.3 Selected evtols

The initial stage of the investigation involves determining
the characteristics of various eVTOL vehicles, drawing upon
data derived from a previous study. These values serve as the
foundation for the current analysis, with detailed informa-
tion provided in the reference. In a previous study [31], the
maximum realistic range of various eVTOL type configura-
tions was assessed.

Table 5 presents several key performance parameters of
the selected eVTOLSs, which are essential for evaluating
their overall efficiency and operational characteristics. Speed
refers to the horizontal cruising velocity of the aircraft, rep-
resenting its performance during level flight. Maximum
Take-Off Weight (MTOW) denotes the maximum allow-
able weight for safe operation, including the aircraft’s fuel,
payload, and passengers. Battery Mass (BM) indicates the
weight of the battery system installed in the eVTOL, which
is a critical factor influencing range and energy consump-
tion. Hover efficiency 7 measures depending on the eVTOL
configuration how effectively the aircraft uses energy dur-
ing vertical take-off and hovering. A higher hover efficiency
means less energy is wasted when the aircraft is station-
ary or transitioning between vertical and horizontal flight.
Cruise efficiency 5 indicates depending on the eVTOL
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configuration how efficiently the aircraft uses energy dur-
ing horizontal flight, with a higher value suggesting better

performance in terms of fuel or energy consumption during
cruise. The Lift/Drag-ratio € is a measure of the aircraft’s

configurations, due to current battery technology, are unable
to achieve longer distances

i For the UAM use case with a range of up to 50 km, a

i ’ multicopter is a suitable choice due to its inherent ability

aerodynamic efficiency during cruising flight, with a higher ~ to TOL vertically, enabling operations within constrained

ratio indicating that the aircraft generates more lift for less .

drag, contributing to better fuel economy and higher speeds.

These parameters are crucial for understanding the

overall performance, range, and operational efficiency of

urban spaces. The use of a multicopter configuration may
offer advantages in terms of maneuverability and adapt-
ability to urban environments. However, these alternative
i i configurations might present challenges related to their
a VTOL aircraft. It was found that certain eVTOL type ili ithi
@ Springer

maneuverability within densely populated urban areas. In
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Table 3 Selected flight destinations on urban level

UAM (<50 km)
Destination Flight
range
[km]
Eiffel tower 1.9
Gare du Nord 3,2
Gare de Lyon 4,6
La Défense Arena 7,4
Stade de France 7,5
Orly airport 15
Versailles 16
Charles de Gaulle airport 29

contrast, for the RAM scenario, a lift-and-cruise model is
a better choice. These models TOL vertically, but can then
transition into a more efficient cruise mode, allowing them
to cover longer distances at higher speeds. This makes them
more suitable for longer, regional flights that require higher
speeds and greater efficiency.

4.4 Selected helicopters

A total of seven helicopters have been assessed for their CO,
emissions per PAX*km during flight. The helicopters under
investigation are detailed in Table 6. Except for the Rob-
inson R44, which utilizes gasoline, all helicopters employ
kerosene as fuel. For reference, the combustion of 1 gallon
of kerosene emits 9.9 kg of CO,, while the same quantity
of gasoline emits 8.8 kg of CO, [32]. Helicopters’ burn rate
and cruise speed data can be found in their manuals. Further-
more, factors, such as run-up times, taxiing, route deviations
during cruise, and approach and departure procedures, are
not considered into the calculations.

4.5 Selected energy mix

CO, emissions generated by the operation of air taxis are
closely related to the electricity mix of the country in which
the operation takes place. The data collected serve as the
basis for determining energy demand and CO, emissions.
In this regard, the average energy demand of the chosen
mode of transport and the emission factor of the electricity
mix of the average consumption in Europe are considered.
These data are combined with suitable calculation methods
to determine the associated CO, emissions (see Table 7).
Based on the energy demand calculated, it is possible to
calculate the CO, emissions during the operation for each
use case. In this work, the European electricity mix was uti-
lized for further consideration to establish a more globally
realistic comparison, recognizing that while the use case is

applied in Paris, the French electricity mix performs signifi-
cantly more sustainable.

5 Results

This chapter presents the findings regarding time-savings
and CO, emissions associated with eVTOLs, focusing on
the selected routes and mission profiles within the context of
Paris and France. As mentioned in Chapter 3.3, the analysis
covered two representative eVTOL configurations: a multi-
copter for the UAM use case and a lift-and-cruise model for
the RAM use case.

5.1 Time-saving

These findings are based solely on pure flight time and
assume direct flight paths for selected urban destinations
in Paris. Notably, boarding time has not been considered in
this analysis. The reason for this omission is the lack of con-
crete security concepts and available data regarding board-
ing times. Consequently, this factor is out of scope in this
current study. Given that there are no established on-demand
options, passengers would first need to travel to one of the
designated take-off locations, known as Vertiports, and pass
through security checks. The theoretical time-savings, there-
fore, only reflect the direct flight route. Additionally, design
and accessibility of Vertiports have not been concretely
defined, which further complicates an accurate assessment
of the total travel time. These uncertainties highlight the
need for more comprehensive research and development of
security procedures, boarding processes, and infrastructure
to better understand and optimize the potential benefits of
UAM in urban settings.

The results on urban level show that the average flight
time using a multicopter is around 7 min which means a
time-saving about 23 min compared to a car, while com-
pared to public transportation, the average time-savings is
22 min (see Fig. 7).

On the regional level, the diagram below shows the aver-
age time-savings, while using a lift-and-cruise model, the
average time-savings is approximately 76 min compared to
a car, while compared to public transportation, the average
time-savings is 69 min. These results were obtained con-
sidering only the pure flight time and assuming direct flight
paths for the selected regional destinations in France depart-
ing from Paris. Again, no boarding time was considered (see
Fig. 8).

5.2 CO, emission evtols vs. cars

In this section, the results of the study on the comparison
of CO, emissions originating from the energy demand of
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Fig.6 RAM mission use case (<300 km)

multicopter and conventional passenger cars (powered by
petrol, diesel, hybrid, and electric) in the urban and regional
setting are shown.

Fig. 19 (APPENDIX) shows the total CO, emission
comparison between multicopter and conventional cars for
the urban use case, based on the assumption of 2 passen-
gers. The highest emis