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Preface

In 2018 we presented our first market study of the future of
vertical mobility [1]. A lot has happened since. Not only did
COVID-19 sweep through global markets in the spring of
2020. Vertical mobility projects have received several billion
dollars in investments; the first prototypes have taken off
for experimental test flights; and a multitude of companies
have presented more than 200 concepts and partnerships
for electrically powered vertical takeoff and landing air-
craft (eVTOL) [2]. Uber Elevate (which originally played an
important role in laying the ground for urban air mobility in
2016) has been acquired by Joby Aviation while deepening
the partnership with Uber.

This second study is not an update; rather, its complemen-
tary look at the economics of vertical mobility intends to
answer three key questions: Which investments are neces-
sary to overcome the barriers? What is required to build an
ecosystem? And what does it take to make this market eco-
nomically relevant and offer companies and their investors a
positive return between now and 2035?

While we have updated our assumptions, we are confident
that our originally forecasted scenarios are still accurate. Yet
in today's world, forecasting is a more daunting task than
ever. Securing financing has become more difficult, but
global stimulus programs could also lead to more invest-
ments in innovative technologies. Wary consumers may turn
away from mass transit and prefer individual transportation.
Taken together, we cannot rule out that launch activities
pegged for 2025 may be pushed back by a year or two.

“The Economics of Vertical Mobility" is intended as a reality
check. We want to give investors, entrepreneurs, regulators,
consumers, and society at large the relevant facts so they
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Figure 1. Focus of the study: intracity air taxi service

can make the right decisions to turn the dream of vertical
mobility into a reality.

This study focuses on intracity air taxis under a base case
scenario until 2035 for two reasons. Cities have a higher
population density and face more urgent traffic problems.
And we consider intracity flights the necessary feeder net-
works for vertiports outside the city limits, which could
serve as new city-to-city hubs.

Our overarching goal is to drive the debate around vertical
mobility forward. After all, our job is to support leaders in
crafting strategies for a meaningful future with "Porsche
passion.” As a strategic consultancy with deep expertise in
implementation, we also see our role as developing individ-
ual strategies that fit with this particular market.

We welcome your questions, comments, and suggestions.

Porsche Consulting | Vertical Mobility

02



Contents

01

02

03

04

41

4.2

43

Preface

At aGlance

Economic Outlook for Intracity Air taxis by 2035
Investment Need by 2035

Social and Economic Relevance

A Guide for Players

Hardware Player: Solving the Hardware Puzzle

Service Player: Solving the Service Puzzle
Infrastructure Player: Solving the Infrastructure Puzzle
Appendix

Authors and Contributors

Porsche Consulting | Vertical Mobility

02

04

06

12

19

24

24

32

40

46

47

03



At a Glance

The economics of vertical mobility are challenging and
fraught with high uncertainty. Players in this space need to
show serious commitment and need to take the long view
lasting at least 10 years, with no positive return on invest-
ment (ROI) in sight before 2030. The ecosystem is also
highly dependent on a minimum investment totaling $'20-25
billion to make vertical mobility relevant. Only then can we
expect a cumulative revenue of $60—65 billion between
2025 and 2035, based on our $21 billion outlook for 2035.

Several preconditions need to be met to make vertical mo-
bility relevant. Technology is one of them, but social ac-
ceptance is the key to success. In order to offer everyone
the opportunity to use an air taxi in the near future, much
like we hail a taxi today, we need a global network of more
than 15,000 eVTOLs in more than 30 cities, operating from
1,000 to 2,500 vertiports. If these services are competi-

tively priced, more than half a million people can be expect-
ed to use them on any given day. The decisive bottleneck is
social acceptance to both sufficiently build out the required
infrastructure and offer an attractive service. Only then will
there be relevant demand for hardware at viable prices and
with satisfactory air taxi performance.

This will not happen overnight but evolve in two phases. Un-
til 2025, players in this ecosystem will make vertical mobil-
ity happen by launching first applications that garner a great
deal of attention and excitement, yet are neither econom-
ically nor socially relevant. This first phase can be summa-
rized as vertical mobility “for some people, sometimes.” It
will provide the market with the necessary hardware on the
ground and in the air to take flight, initially with pilots at the
controls. In the beginning vertical mobility will be a service
for special occasions.

The economics of vertical mobility
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Figure 2. Investment need, revenue potential and payback period for the vertical mobility market (base case)

*$ = US Dollar
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Figure 3. Funding in air taxi hardware players in million USD [3]

The phased approach forces players to shoulder different
burdens and avail themselves of different business oppor-
tunities. Hardware companies that lay the technical founda-
tion will carry the biggest risk, as they need 50 to 60 percent of
the overall funding and a whopping 80 percent of the initial
investments. In order to bring the first generation of air taxis
to market, they will have to spend $5-8 billion, without
knowing whether and how the public will accept vertical
mobility. Six out of more than 100 hardware players man-
aged to collect about 76% of the overall funding of around
$5.5 billion until now (Figures 3 and 22). Another $5-10
billion will be necessary to develop the second generation
of eVTOLs that hit the mark in terms of price, performance,
and acoustic profile. Safety and security are of paramount
importance in all those endeavors.

Infrastructure companies and service providers, by compar-
ison, face lower risk and will be able to invest incrementally
as acceptance grows. Their upside and investment costs are
therefore correlated.

Depending on technological development and social accep-
tance, we foresee different scenarios with both promising
opportunities and high risk. In the conservative case, no ROI
will materialize before 2035, if at all. In the progressive case,
a positive ROl can be expected by 2028 at the earliest, but
we consider this a very optimistic “black swan" case. In our

Porsche Consulting | Vertical Mobility
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most probable base case we expect an ROl of about 10 years
> 2030. Nevertheless in the bullish investment environment
for vertical mobility, a financial investment can also be very
profitable in the short run (e.g., EHang started with a stock
price of $12.90 and reached an all-time high of $124.09).
While some investment rounds were undersubscribed in
2019, all investment rounds of key hardware players are
currently oversubscribed.

To be sure, the time for vertical mobility has come and the
lion's share of around $5.5 billion is already funded. Consid-
ering the early stage of vertical mobility, we are sure that
the remaining funding to the expected $5-10 billion initial
investment will follow. It's closer than you think and the first
commercial air taxi services will be reality in 2025.

We continue to believe this market can go one of two ways.
It can either remain a dream for most of us, limited to an
electric version of a helicopter for the rich and therefore a
market that is economically and socially irrelevant, meaning
only some customers will use it sometimes. Or it can evolve
into a relevant niche market that offers a useful complement
to future mobility for all of us, meaning everyone will use
these services sometimes. In the final analysis, we believe
vertical mobility will evolve in incremental steps rather than
take off exponentially. But take off it will.
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07 Economic Outlook for Intracity Air taxis by 2035

The vertical mobility market requires companies and their investors to take a long-term
perspective when it comes to ROI. In the base case, investments totaling $S20-25 billion will
be necessary to achieve a positive return in about 10 years.

The vertical mobility ecosystem is an interplay of building
the individual business and shaping the overall system. For
a relevant market to emerge, we need broad-based accep-
tance by solving a mobility problem that affects many urban
residents, without creating new problems such as noise pol-
lution or additional CO2 emissions. Only then should regula-
tors and society at large permit air taxi routes and services
on a relevant scale.

The combination of technical feasibility, customer interest,
and regulatory approval will generate the demand. While
a sizable number of investors have already written checks
totaling around $5.5 billion, many questions remain unan-
swered [3]. These include how big this market will be, how
quickly it will grow, and how great its inherent risks are.

Investments will flow into the areas of hardware, service,
and infrastructure, first to come up with initial solutions and
then to optimize vertical mobility around its acoustic pro-
file, range, costs, comfort, accessibility, and integration into
today's urban mobility solutions.

As a result, the overall performance of air taxis will improve
through iteration, and their benefits will become more pro-
nounced, which in turn will drive additional demand, leading
to more approvals for new routes and more unit sales.

Individual mobility has always been a successful propo-
sition, and most cities have suffered the consequences.
Congestion on the ground is the price we all pay, no matter
how extensively the current infrastructure is expanded. With
vertical mobility, helipads are so far the only infrastructural
element, and sparse ones at that, so they fall short in terms
of accessibility and capacity.

It is worth noting, however, that even a positive scenario of
vertical mobility will not solve urban traffic problems. It will
be just one piece in the mobility puzzle to relieve specific
urban traffic pain points und bottlenecks.

Global mobility market size

Air Public Rail Road Micromobility
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Figure 4. Global mobility market with road mobility accounting for more than 80% (indicative Porsche Consulting figures)
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Figure 5. Classification of vertical mobility: comparison of typical distance covered by different mobility modes [6]

The world's total mobility market, including hardware and
services, is worth approximately $7,800 billion today, with
individual road mobility as its largest segment accounting
for 80 percent (Figure 4). By comparison, we forecast that
the base case of air taxi services in 2035 will have a market
size of $32 billion. It is fair to conclude that vertical mobil-
ity will only be a niche in the overall mobility market. Even if
the total addressable market of $230 billion and 200,000
eVTOLs were to become a reality, it would still be a niche.
By comparison, the world today has about one billion cars
on the streets and about 35,000 civilian helicopters in
service, with annual sales of 1,000 to 1,500 units. Aside
from the mobility sector itself, vertical mobility also holds
potential for specialized applications such as emergency
services and air rescue, or in the public safety and security
sector, which includes police operations.

The mix of travel time, comfort, distance, price, and sus-

tainability often determines what mode of transport peo-
ple choose. For short distances, walking is and will remain

Porsche Consulting | Vertical Mobility

the default in most cases. The greatest need for mobility
is for short distances of two to four kilometers, which can
be covered by walking and micromobility options, such as
bikes or scooters (Figure 5). At the other end of the spec-
trum, aircraft are primarily used to cover long distances of
500 kilometers or more. The preferred modes of mobility
for the remaining routes in between are motorcycles, cars,
buses, and trains.

The most practical distance to cover with vertical mobility
is between 20 and 400 kilometers, with 20 to 50 kilome-
ters the sweet spot for intracity routes and 100 to 400
kilometers for city-to-city connections. When it comes to
city-to-city routes, vertical mobility will most likely com-
pete with cars, long-distance buses, and trains. The max-
imum length of these routes is determined by speed and
efficiency. If a customer has to cover more than 400 kilo-
meters, trains and planes will score higher on convenience
than vertical mobility.
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Figure 6. Benefits and limits of vertical mobility

Range limitations are dictated by today's battery technol-
ogy and accessibility constraints at city-to-city airports;
hence, we expect those connections to come online later.
At the moment, they can only be serviced by short takeoff
and landing concepts (STOL) and/or hybrid technology. This
study therefore focuses on the intracity mobility provided by
air taxis.

The minimum distance an air taxi can cover is mostly deter-
mined by its “setup” time, which includes first- and last-mile
connectivity. Depending on those first- and last-mile options,
eVTOLs can also be relevant for short distances, but due to
the infrastructure limitations in most cities, a distance of
20 kilometers or more offers the clearest time savings. The
exception to this is a direct eVTOL connections, when an air
taxi can compete with cars, public transport, and trains. Yet
compared to cars, regional trains, and buses, eVTOLs offer a
considerable time advantage, and compared to helicopters,
eVTOLs will be a much safer, cheaper, cleaner, and quieter
alternative, especially for urban traffic.

We expect the price point for eVTOLs to be comparable to
the price range of today's ride-hailing and taxi services in
the medium term and at the same time remain well below
today's price for a helicopter service.

Vertical mobility has the potential to generate benefits for
both consumers and cities because eVTOLs are a truly novel
mobility mode (Figure 6). For one, they feature innovative
hardware in the field of aviation due to technical break-
throughs in distributed electric propulsion (DEP) systems.

Porsche Consulting | Vertical Mobility
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Second, they provide an innovative mobility solution to alle-
viate traffic congestion on the ground. Compared to helicop-
ters, which are currently a luxury offering for some wealthy
customers, eVTOLs operate in the premium segment below
it and can make urban air travel suitable for and accessible
to all of us. Similar to today's taxis on the ground, they will be
a service we can and like to use, but may refrain from doing
so every day. While air taxis offer the benefit of time savings,
they depend on first- and last-mile accessibility to and from
a takeoff or landing site. As vertiports will initially be rare
in most cities, this lack of end-to-end mobility can pose a
serious constraint.

Use of eVTOLs in cities will mainly apply to second- and
third-tier connections that are usually serviced by smaller,
“single-lane” roadways. They offer limited transport capac-
ity due to the small number of passenger seats per eVTOL
and a limited number of starting/landing slots per vertiport.
We expect initial vertiport throughput to be below 100 pas-
sengers per hour. Even if Uber Elevate's (acquired by Joby
Aviation) vision of megaports with 1,000 takeoffs and land-
ings per hour [4] were to materialize, they could only han-
dle a maximum of 3,000 passengers per hour, based on the
assumption of a busy route and of three passengers per air
taxi. This maximum throughput capacity is on par with that
of a single-lane road that has a throughput of approximately
2,500 to 3,000 passengers per hour [5]. For comparison: a
subway can transport roughly 30,000 to 45,000 passen-
gers per hour on a one-way route with 1,000 to 1,500 pas-
sengers per subway.
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On the upside, eVTOL routes are highly flexible and easy
to configure, depending on the number of vertiports, and
can respond to demand by dynamically configuring routes.
Vertical mobility also comes with low infrastructure costs
compared to its benefits in flexibility. It is also worth not-
ing that the infrastructure needed for conventional mobility
already exists but is often insufficient. Available land in urban
areas is scarce, and new infrastructure projects for ground-
based mobility therefore carry a high price tag and negative
impacts on quality of life.

Building additional infrastructure for vertical mobility has
comparatively fewer downsides. It is easier and cheaper to
establish routes between a minimum of three vertiports in
a city than to build and maintain a rigid and fixed road or rail
infrastructure. Air taxis could also incur lower external costs
in terms of environmental impact, accidents, and health
effects caused by this mode of transportation.

The market forecast for vertical mobility has to take all these
uncertainties into account and is based on three fundamen-
tal determinants (Figure 7). First, we estimate bottom-up
mobility demand across all mobility modes based on the
needs of potential users in different cities, today and in the

01

02

future. This aggregate mobility demand forms the founda-
tion for our market model.

Second, we gauge the ecosystem performance across the
domains of hardware and technology, service, infrastructure,
regulation and law, and social acceptance. One underlying
assumption here is that specific infrastructure for takeoff
and landing spots is necessary and could be a significant
constraint on market development. An alternate scenario
would assume that eVTOLs can take off and land anywhere,
ushering us into a world of “flying cars" whose numbers
would approach today's fleet of one billion automobiles on
the ground.

Third, we need to analyze the attractiveness of vertical
mobility in terms of service accessibility, convenience, its
performance and price compared to other modes of trans-
port, and the purchasing decisions customers make. The
market will be shaped by the interplay of those three factors.

Applying these three basic conditions to the existing and
expected mobility mix of a city, we can then estimate the
overall eVTOL potential, and in a next step, use this model to
extrapolate how it will scale globally.
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Figure 7. Approach to derive the global vertical mobility market
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For passenger eVTOLs, we predict a market potential (base
case) of $32 billion in 2035, of which $21 billion come from
intracity air taxis. Intracity air taxi service has a cumulative
revenue potential of $60—-65 billion for hardware, service,
and infrastructure in the decade between 2025 and 2035
(Figure 8).2

This market potential can be realized by interactively build-
ing the business and shaping the system for hardware, ser-
vices, and infrastructure as well as addressing and removing
the barriers of the vertical mobility ecosystem that we will
discuss in detail in the following chapter.

Depending on the ecosystem's development speed, we still
consider all three cases outlined in the previous study (con-

Conservative case

Base case

servative, base, and progressive) as possible and valid cases
[1]. Yet we see the base case as the most likely one (Figure
8).

Positive ROI by 2030 with an investment horizon of approx.
10 years (base case)

Forecasting the vertical mobility market by 2035 is an
ambitious undertaking. The investment calculation model
put forth in this report is based on our vertical mobility mar-
ket model with multiple assumptions and uncertainties.
Estimates for cumulative revenues from intracity air taxis
across the hardware, service, and infrastructure segments
range from $7 billion all the way to $240 billion between
2025 and 2035.

Progressive case
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Figure 8. Vertical mobility market revenues (individual and cumulative) between 2025 and 2035 per case

2 Since we consider investments over time, this report uses cumulative numbers for the economic efficiency calculation.
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We believe in a sequential development of the vertical
mobility market. One reason is the step-by-step permit-
ting and construction process of vertiports on a global
scale. Under the most likely base case, we expect cumu-
lative revenue totaling $60-65 billion between 2025 and
2035, with a potential upside coming from additional pri-
vate eVTOLs.

The conservative case can still be considered a realistic
scenario, as opposed to the progressive case, which we see
as a very optimistic black-swan scenario.

Even if hardware and services were to take off exponen-
tially, we do not expect infrastructure and social accep-
tance to follow the same growth trajectory, let alone on a
global scale. Individual geographies such as China might
be booming, but vertical mobility will need a global market
to become large enough to be profitable.

Developing the infrastructure and establishing social
acceptance are time-consuming endeavors. Some cities
may successfully address their infrastructure challenges,
but the global rollout will remain incremental. To reiterate,
hardware makes the vertical mobility market happen, yet

infrastructure and broad social acceptance will ultimately
determine the social and economic relevance of urban air
mobility. The importance and varying impact of the inter-
play between hardware, service, and infrastructure will be
analyzed in more detail in Chapter 3.

Vertical mobility requires players and investors to take a
long-term perspective when it comes to ROIl. Depending
on the case, the required investment needs vary widely: the
amount in the base case is in the $20-25 billon range, in
the conservative case in the $5—10 billion range, and in
the progressive case $35-40 billion.

Each case's assumptions also affect the investment hori-
zon to achieve a positive return. The base case assumes
a positive ROl in about 10 years. The conservative case
pushes that threshold more than 15 years into the future,
while the progressive case will get to a positive ROl in less
than a decade (Figure 9).

The investment horizon of about 10 years in the base case
might seem far off, but taking into account the market
uncertainties observed today, there is still potential for
profitability, albeit average.

Conservative case

O

Base case

Progressive case

vV

Economically irrelevant
niche market

>15years
for positive ROI
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02 Investment Need by 2035

Players in the vertical mobility space have to bear in mind that it will take $S20-25 hillion in
investments to remove all key barriers by 2035.2 Around $5-10 billion in initial capital expen-
ditures (CAPEX) are required until 2025 to start air taxi services, while S20-25 hillion is the

minimum to reach mass market suitability.

Vertical mobility has made great strides in the past few
years as many market entrants have presented battery-
powered concepts and even begun testing them in real-
world environments on an experimental basis. Around
$5.5 hillion have been dedicated to developing passenger
eVTOLs and services [3].4

Until 2025, initial investments of at least $5—10 billion are
necessary to lay the groundwork that will make intracity air
taxis socially relevant. This sum is the minimum, regardless
of which case we consider. The lion's share of additional
funding has to be secured by the end of 2021 in order to
launch the first commercial products and services in 2025.

&, 50-60%—~

Hardware

» Concept exploration and
validation

* Series development and type
certification

* Organization development,
such as certification

Figure 10. Investment split by 2035: hardware, service, and infrastructure

On top of that, we expect additional investment demand
of at least $15 billion between 2025 and 2035, creating
a total investment need in the vertical mobility space of
§20-25 billion. The largest share—and with it the greatest
risk—will go to hardware manufacturers who will have to
invest at least $0.5—1 billion each into their systems. Our
model is comprised of five to ten players who will eventually
be successful, plus many others who will fail.
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Service
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3 This number refers to the base case and includes investments already made as well future investments into hardware, service, and infrastructure; invest-

ments are given as capital expenditures only.

* The entire vertical mobility ecosystem has raised around $7 billion so far, including inspection and goods drones and supporting services such as air traffic

management (ATM).
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It also includes more than 100 companies that have already
invested in hardware development but will not make it to
market entry. The funding that has so far been poured into
the space is in line with our expectations during the concept
exploration and validation phase. Fora connected startin 2025

Vertical mobility barriers

The vertical mobility ecosystem rests on five pillars: hard-
ware, service, infrastructure, regulation and law, and social
acceptance (Figure 11). In order to evolve, these five com-
ponents will have to influence each other—first in building
the business and second in shaping the system. Hardware,

the moment of truth will be from now until 2022, when the
capital demands of companies will have increased steadily to
finance their series development and type-certification work
and infrastructure and service activities will require funding as
seen with the consolidation of Joby Aviation and Uber Elevate.

service, and infrastructure are the three economically rele-
vant or business-critical components. Social acceptance as
well as regulation and law will shape the necessary frame-
work in which the ecosystem operates.

- N
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Hardware Service Infrastructure Social acceptance Regulation & law
hd hd
Building the business <= Shaping the system
hd hd hd hd hd
. . Safety Regional hardware
Battery Intermodality Vertiports and security regulations
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Figure 11. Barriers of the vertical mobility ecosystem: hardware, service, infrastructure, social acceptance, and regulation and law
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We have identified a total of 16 main barriers for the ver-
tical mobility ecosystem, comprised of more than 40
sub-barriers, that need to be addressed and overcome. The
barriers facing hardware, service, and infrastructure are
numerous and deserve to be addressed in more detail.

Successful hardware hinges on a number of factors, among
them the right eVTOL concept, battery technology with
sufficient energy and power density, acoustic design that
minimizes noise pollution, and a cost structure that makes
hardware and operations competitive. Hardware costs are
strongly determined by the requirements for type certifi-
cation. Additionally, players in this space have to invest in
forging new partnerships to tap into the core competen-
cies of the automotive, aviation, and technology sectors.
It will take effort and money to build integrated teams and
structures for developing, producing, and certifying new
hardware.

The technical development of eVTOLs would not be fea-
sible without leveraging the global trends of digitalization
and electrification. The increasing capabilities of actuators
and sensors in particular, driven by the overall progress in
digitalization, allow us to come up with new aviation con-
cepts. In the long run, this process can also lead to auton-
omous systems.

Progress on the battery front is also strongly driven by
electrification efforts in the automotive industry. Com-
pared to the manufacturing capacity dedicated to auto-
motive OEMs, vertical mobility is a very small market and
can exert little influence. Additionally, vertical mobility has
its own specific demands on how battery technology must
be customized, in particular higher energy density and
greater power density, which is critical for higher charging
rates to enable takeoffs and landings.

The barriers facing services are threefold. In order to offer

customers true convenience and to keep operating costs
in check, air taxi service has to be intermodal and reliable.

Porsche Consulting | Vertical Mobility

The speed of the service will be essential for its success.
Every second counts with an eVTOL, which stands in stark
contrast to today's commercial airplanes, where a 10-minute
delay is still considered on-time.

Pooling passengers is one way to reduce the price of air
taxi services. Utilizing all available seats, however, requires
good demand prediction and a sophisticated dispatch sys-
tem to react to unforeseen events. This aspect is relevant
for reducing operational costs as well.

The barriers facing infrastructure build-out revolve around
the availability and location of vertiports, as well as the
availability and standardization of charging stations, all of
which determine infrastructure costs. Quick and reliable
security procedures at vertiports are necessary to make air
taxi service a reality.

Regulations concerning hardware, service, and infrastruc-
ture as well as social acceptance are other important bar-
riers that will significantly shape the system. Hardware
regulations are mainly driven and set by regulatory author-
ities with regional specifications, while service and infra-
structure regulations are mostly locally driven and set by
cities.

Meeting basic preconditions in the realm of regulation
and law as well as social acceptance are just as important
as hardware, service, and infrastructure. The openness of
politicians and authorities that set the rules depends on
the benefits vertical mobility offers and their acceptance
among the communities it aims to serve.

All 16 barriers are key for the success of vertical mobility.
Due to the large number of barriers, in the following we will
only deal very briefly with the topics of battery and energy
supply, regulation and law, and social acceptance.
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Acloserlook at selected key requirements

Batteries deserve closer attention because they are one of
the crucial technical aspects for the evolution of eVTOLs
and have a direct impact on safety, profitability, and acous-
tics (Figure 12). At a battery energy density in the range
of 350 to 400 watt-hours per kilogram (Wh/kg), eVTOLs
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will begin to show clear advantages over helicopters. Once
eVTOLs use batteries with an energy density of 400 to 500
Wh/kg, the efficiency and performance of DEP systems
will be superior to combustion engines.
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Figure 12. Energy density development of battery technology by 2035 [7]
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Regulatory authorities and lawmakers will follow different paths across regions

What is holding up the process of efficiently and smoothly
shaping the system? First, regulators in the Americas,
Europe, Asia, and the rest of the world need to arrive at
standards to certify hardware and operations as well as
determine the procedures and regulations for the infra-
structure involved.

Regulation is prioritized in aviation to ensure safe air oper-
ations since safety is imperative for flying. Statistically
speaking, traveling with commercial airlines is on average
167 times safer than driving a car [8]. In other words, driv-
ing to the closest airport is more dangerous than flying to
another continent, even though our gut may tell us other-
wise.

Aviation's currently high safety levels were created in a
step-by-step approach, green-lighting one innovation after
another. If aviation history is any indication, diverging from
this path leads to problems. The step-by-step approach
is applied to technical innovations in hardware but also to
aircraft use. Whether they operate in a rural, suburban, or
urban environment is mainly determined by the aircraft's
size and whether it carries passengers or goods.

The aviation business as we know it is a truly global ven-
ture, with an international mobility network regulated by
international laws through the ICAQ. Authorities therefore
work closely together and mutually recognize each other's
approvals. Today's dominant authorities are the US Federal

Aviation Administration (FAA) and its European counter-
part, the European Aviation Safety Agency (EASA).

By contrast, vertical mobility will be rolled out as part of
regional and local mobility networks, which are subject to
regional laws. That is why we expect regulatory authorities
to take different approaches and also be beholden to calls
for protectionism.

Whether regulatory authorities will enable market entry
for companies in the eVTOL space deserves closer atten-
tion. Regulators in different geographies will impose their
specific requirements to regulate hardware, service, and
infrastructure. At the same time, regulatory authorities,
policymakers, and society at large are closely intertwined
when it comes to shaping and enforcing those framewaorks;
the desire for progress must be balanced with the demand
for safety and security. One can expect that this interplay
will lead to different approaches and developmental pace
in various geographies.

We see different regulatory approaches for air taxis, either
the traditional step-by-step approach mentioned above or
a multistep approach that certifies more than one innova-
tion at the same time. Single steps are comprised of elec-
tric flying, eVTOLs with DEP systems, and remotely piloted
and autonomous flight. Combining those steps can and will
lead us down different paths, depending on the respective
regulatory authorities.

Leaders Challengers Innovators Followers

= = @SCo

y E ASA _v:- .. Australia | Brazil | Dubai | Japan
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Federal Aviation Administration European Aviation Safety Agency Civil Aviation Administration of China Korea | New Zealand | Singapore
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Step-by-step Multistep Adaption of most

authorization approach

Figure 13. Regionally specific classification of aviation regulatory authorities
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We suggest classifying today's aviation regulators broadly
into four categories with their own regional differences:
current leaders, innovators, challengers, and followers
(Figure 13). Having said that, it is worth emphasizing that
many authorities have laid out a runway for eVTOLs to take
off in 2025 and are generally encouraging progress in this
space.

Europe and the USA are today's leaders. They follow a step-
by-step authorization approach to certifying hardware,
services, and infrastructure. We expect them to act on
electric flight, eVTOLs, first as piloted versions and then as
autonomous systems. Their regulatory bodies will always
weigh innovation against safety, with a clear emphasis on
the latter.

China, on the other hand, can be considered a challenger.
The Civil Aviation Administration of China (CAAC) could
test a shortcut by allowing a multistep approach that would
make several new technologies possible simultaneously,
for instance pilotless eVTOLs with DEP or remotely piloted
eVTOLs. The remotely piloted approach comes with the risk
of unstable radio communications, and by extension, the
risk of system intrusion. Autonomous control also requires
a high degree of intrinsic safety. Nevertheless, challeng-
ers like China could exert pressure on the lead markets to
follow suit. China has the advantage of a very strictly con-
trolled airspace with no private aviation. Thanks to its high
speed of innovation and willingness to take risks, the coun-

Safety in numbers

What does it mean to apply the expected failure
rates of commercial aviation to eVTOL services?
Current practice demands a system reliability of
10, which estimates the likelihood of a system
failure with catastrophic effect per one-hour mis-
sion. Assuming an installed base of 23,000 eVTOLs
in 2035 with up to 50 million flight hours per year, a
system reliability of 107 translates into one eVTOL
catastrophic accident with passengers injured or

Porsche Consulting | Vertical Mobility

try is well positioned to leverage vertical mobility as a way
to quickly electrify its domestic aviation market.

Yet another category of regulatory authorities are the inno-
vators—major cities and countries with large rural areas
that are volunteering to be test beds for the first commercial
routes and services. These include Dubai and Singapore as
well as Australia, New Zealand, Brazil, Japan, and Korea. Once
those first pilots are defined, companies will begin testing
new technologies and services. However, innovators are too
small to make vertical mobility economically relevant.

The final category of the followers observe others first and
only get on board when vertical mobility is proven safe and
successful.

Deviating from the tried-and-true stepwise approach can
offer a competitive advantage but increases the risk of an
eVTOL crash. A catastrophic event like this could seriously
threaten or damage the global vertical mobility market,
since social acceptance would suffer and investments could
be withheld.

The regulatory challenge for eVTOLs lies in how emergency
situations are handled when flying over densely populated
cities. We can assume that eVTOLs will suffer from similar
rates of failure as commercial aviation and that those prob-
abilities need to be factored into the development process
early on.

killed occurring every 20 years (with the proviso
that the various phases of flight carry different
risks). Lowering the system reliability to 107 would
mean five eVTOL incidents of this proportion per
year. Short of catastrophic failure, incidents during
intracity flights can cause damage on the ground
and create additional congestion. So even in the
1077 scenario, smaller incidents have the potential
to negatively affect urban traffic.
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Social acceptance as a key requirement

Technology makes vertical mobility happen, but social
acceptance makes it relevant. We have developed a
detailed framework for the social acceptance of vertical
mobility, which is a complex topic deserving of its own
analysis.

Itis worth repeating that social acceptance is a fundamen-
tal requirement for the vertical mobility market to take off.
Customer acceptance is strongly influenced by hardware,
service, and infrastructure providers. It is their responsi-
bility to satisfy customers and society at large by ensuring
their services are available and reliable and offering clear
benefits in terms of time and cost. In a similar vein, social
acceptance is tied to the standards set by regulators and
lawmakers. It is their obligation to address concerns about
safety and security, to reduce noise emissions, and to cre-
ate tangible social benefits, for instance, by having emer-
gency services deploy eVTOLs.

¥~ Personal benefit @

W Reliability ®

Figure 14. Dimensions of social acceptance for vertical mobility
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acceptance

We therefore recommend that lawmakers around the world
approve routes only if vertical mobility moves beyond its
current status as a luxury niche product and enters the pre-
mium niche market. To get there, we need to see attractive
and accessible services at a competitive price comparable
to today's taxis on the ground.

The end point of this development will be a healthy and
growing market for vertical mobility, a market that not only
rewards investors but fulfills the bold vision fueling this
quest: finally adding a third dimension to human mobility
at scale and doing so safely, sustainably, and at an inclusive
price point.

@® Noise emission 'ﬂ

® Social benefit agges
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03 Social and Economic Relevance

Vertical mobility will achieve social and economic relevance in two phases. To make it happen,
players during the pioneering phase will have to cooperate on creating and filling the ecosys-
tem with life. In the second phase, which is all about making it relevant, we will see more and
more differentiation and competition. While technology makes vertical mability happen, only
broad social acceptance will make it economically relevant.

If vertical mobility is to become economically relevant, it
needs to evolve from its status as a luxury offering for the
wealthy to an affordable option for wide swaths of the popu-
lation. One can think of this shift as making helicopters avail-
able to everybody. In today's world, helicopters are a small
and therefore largely irrelevant niche market, but eVTOLs
have the potential to make aerial mobility services a sizable
and therefore relevant niche market.

Today Phase 1
IS Y Make it happen "&},
Some privileged people  Some people use eVTOLs

use helicopters on some

occasions the business traveler

on some occasions, such as

In order to get there, however, we need to see all pillars of the
ecosystem—hardware, service, infrastructure, social accep-
tance, and regulation and law—fall into place and interlock.
Disruptive hardware needs to be available for intermodal and
seamless services that reach thousands of vertiports. Fur-
thermore, the ecosystem depends on political support and
broad social acceptance. The latter can only be achieved if
users and lawmakers perceive clear personal and public ben-
efits from vertical mobility.

Phase 2

Make it relevant &),

Everybody uses eVTOLs on
some occasions

Sometimes

2 -

Some people (10%)

0@

Everybody Once in a lifetime

Figure 15. Developmental phases of vertical mobility
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Otherwise, this new mode of transportation will remain
trapped in a localized niche, since laws and regulations in
many countries require broad public consensus. If, on the
other hand, only a few pillars of the ecosystem are built and
not properly interconnected, vertical mobility runs the risk
of meeting a similar fate to present-day helicopter services:
being a small niche for well-heeled customers (Figure 15).
In this case, eVTOLs may make flights less noisy, safer, and
more sustainable but will nevertheless be socially and eco-
nomically irrelevant—and a very expensive luxury ride.

We see vertical mobility playing out in different phases, with
Phase 1 dedicated to making it happen and Phase 2 focused
on making it relevant (Figure 15). To make it happen we
need to get to the point at which some people use eVTOLs
on some occasions. Think of business travelers getting from
the airport to a convention center much like they do today
with a taxi or chauffeur on the ground—still a premium travel
method.

Making this mode of transport relevant will take it to a whole
new level. Everybody will be able to use eVTOLs on some
occasions, once vertiports are accessible in their neighbor-
hood and the price for an air taxi is attractive enough, or on
par with a taxi today. We can also envision some customers
using an eVTOL every day, for instance, if they own a private
eVTOL, the cost of which would be comparable to driving a
current-day premium or luxury car.

Will eVTOLs soon become a new mode of transport that
everybody uses every day, like the subway or a car? The
short answer is no. We do not think air taxis will be allowed
to take off and land anywhere, independent from vertiports,
by 2035.

How, then, will a relevant niche market for vertical mobility in
2035 look? It will be characterized by a global fleet of about
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15,000 high-performance and reliable airborne workhorses.
Hardware players will each manufacture and sell an average
of a thousand eVTOLs a year, making it an attractive busi-
ness. Today's largest helicopter manufacturer, by compari-
son, sells fewer than 500 units per year.

Those passenger drones will offer higher performance and
lower noise emissions than that which is currently under
development, implying that we will witness at least the
second hardware generation if not the third. On the ser-
vice side, we need seamless intermodal services in dozens
of cities used by half a million people every day. These air
taxis have to be integrated with mobility offerings on the
ground, creating a holistic transportation grid with many
routes and flexible dispatching to ensure a reliable, comfort-
able, and speedy trip from point A to point B. In addition, we
need thousands of air mobility stations in operation. Around
1,000 large or 2,500 medium-sized vertiports are neces-
sary to make this scenario a reality. The relatively high num-
ber of takeoff and landing points is essential to guarantee
both sufficient passenger throughput as well as easy acces-
sibility to a vertiport.

On the social acceptance front, the key questions of safety,
noise emissions, accessibility, price, and sustainability will
have been addressed, and consumers need to have realized
the social and individual benefits that come with having a
new, reliable service at their disposal. Politicians, for their
part, have to draw up fast permit processes for the nec-
essary infrastructure and approval of additional routes as
the business scales. Cities finally ought to be interested
in quickly adopting this new mode of transportation since
it lets them move traffic off their clogged roads and offer
additional, environmentally sound mobility options for the
masses. Overall, the interplay of social acceptance and policy-
making will create the regulatory and legal framework for
vertical mobility.
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Figure 16. Path to economic and social relevance of vertical mobility
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The first phase to make vertical mobility happen is character-
ized by a few developmental milestones. First will be the intro-
duction of the first commercial eVTOLs that can be deployed
on initial routes, even though their performance, measured by
operating hours, costs, and acoustic profile, will leave much
to be desired. Second, we will see air taxi services in the first
attractive routes in a few select test-bed cities, but these
showcases will suffer from a relatively high price point due
to the small number of cities involved and the low number of
daily flights. These pioneering services are hardly ready for the
relevant market of tomorrow. Third, those services will rely on
existing infrastructure such as helipads, which in most loca-
tions are not numerous enough to provide truly relevant ser-
vice. In addition, the size of the vertiports will limit the number
of takeoffs and landings.

Things will change in phase 2 to make vertical mobility rele-
vant. The push to establish a meaningful market will be driven
by several factors. High-performance, flying workhorses will
lift off, characterized by more than 2,000 operation hours per
year, a price range between $250,000 and $1.5 million per
eVTOL, and the noise level of a truck, or even lower, providing
an overall comfortable sound profile.

This second phase will offer seamless intermodal services that
are successfully integrated with ground mobility in more than
30 cities around the world and that will expand their infra-
structure, offering up to 30 flights per eVTOL per day at an
attractive price. Assuming a more limited infrastructure build-
out, smaller air taxi services may spread out over 200 cities to
reach critical mass. Passengers will be able to use 1,000 to
2,500 air mobility stations, with the total number of required

<

Hardware

3]

Service

vertiports needed depending on their size (see also Chapter
4.3). Bigger vertiports will offer a sufficient number of start-
ing and landing points, which in turn drive a higher number of
takeoffs and landings. It bears repeating that this type of intra-
city air mobility will need broad-based policy support as well
as social acceptance to lift off.

There are several key drivers that will influence the evolution of
hardware, service and infrastructure as these two phases play
out. On the hardware side, the crucial determinants are prog-
ressin battery technology and acoustics, the number of innova-
tion cycles, and the amount of targeted hardware investments.
On the service front, it is a numbers game—namely, how many
cities adopt and launch a service, the number of trips offered
as usage becomes more frequent, and the amount of targeted
service investments. As for infrastructure, finally, the key driv-
ers are the number and availability of vertiports at attractive
locations, their respective size, which will determine the num-
ber of takeoffs and landings, and infrastructure investments.

None of those segments will evolve in isolation but are strongly
interdependent. When the first eVTOL generation enters ser-
vice, for example, its less advanced hardware performance
could resultin lower utilization and also drive up space require-
ments at vertiports for parking and charging the equipment.
As a result, the overall lower hardware efficiency would drive
up the price of air taxi service.

The complex interplay of all pillars of the ecosystem needs to
happen not only in one city but in many cities around the world

more or less simultaneously to create a scaled and eventually
relevant market.
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Figure 17. Key drivers of the vertical mobility market
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More than 30 cities in 2035 (base case)

For the base case, more than 30 cities have to establish an
intracity air taxi service and the relevant infrastructure by
2035. We have identified more than 60 cities as suitable
markets.

Every city suffers from its own operational constraints, for
instance, local weather conditions and the number of avail-
able slots. Looking at the global landscape, we can draw up a
list of potential cities for the progressive case, comprising 64
cities with the most promising conditions (Figure 18). For the
base case to become reality, air taxi services have to launch
in more than 30 cities, or roughly half of the cities listed, with
a sufficiently developed infrastructure for intracity flights. The
progressive case, by contrast, requires more than 60 cities, or
all cities listed in Figure 18, with a fully developed infrastruc-
ture of 50 to 100 vertiports each.

Innovative cities and cities that already have a strong heli-
copter infrastructure or offer on-demand helicopter services
are potential locations for air taxi service. Even though a city
might already have infrastructure for helicopter flights, they
often lack the facilities for charging. It is a bottleneck simi-
lar to what is hampering the broad rollout of electric vehicles
today.

Several innovative cities that have already affirmed theirinten-
tion to offer eVTOL services are Dallas, Dubai, Guangzhou, Los
Angeles, Melbourne, and Singapore. They can be considered
strong candidates for a successful air taxi service.

In addition, Mexico City, Miami, New York, San Francisco, Séo
Paulo, Shenzhen, and Tokyo look very promising for air taxis,
since they already offer on-demand helicopter services and
thus have demonstrated their openness to intracity flights.

Already planned FStabI'ShEd . Further potential cities
as test beds helicopter service
A4 WV vV
Dallas Mexico City Amsterdam Chengdu Jakarta Narita Taipei
Dubai Miami Atlanta Chicago Cape Town Orlando Tianjin
Guangzhou New York Bangkok Chongging Kuala Lumpur Osaka Toronto
Los Angeles San Francisco Barcelona Delhi Kunming Paris
Melbourne Séo Paulo Beijing Denver Las Vegas Phoenix
Singapore Shenzhen Belo Horizonte ~ Doha London Rio de Janeiro
Tokyo Berlin Dongguan Madrid Rome
Bogota Frankfurt Manila Seattle
Boston Hamburg Minneapolis Seoul
Brasilia Hong Kong Moscow Shanghai
Buenos Aires Houston Mumbai St. Petersburg
Charlotte Istanbul Munich Sydney

Figure 18. List of 64 cities to potentially launch an air taxi service by 2035
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04 A Guide for Players

This chapter will look at the economics of hardware, service, and infrastructure in more detall,
outlining business characteristics, success factors, the developmental path, and the best
strategies to succeed as providers in each segment.

4.1 Hardware Player: Solving the Hardware Puzzle

The market for intracity air taxi hardware has the potential to be worth S5 billion in 2035,
generating cumulative revenue of $15-16 hillion between 2025 and 2035 and requiring a
capital expenditure of at least S10 hillion in our base case.

If there is one basic precondition for the vertical mobility
market, it is the arrival of an eVTOL approved for commer-
cial use. Every system hitherto unveiled, however, can only
be considered experimental. Solving the hardware puzzle
will require the highest initial investments without clear
visibility of this market's evolution. Designing and develop-
ing a workable eVTOL will cost anywhere from $500,000 to
$1 billion before the hardware can even be introduced and
tested in a real market. This path stands in stark contrast to
theinfrastructure and service components of vertical mobil-
ity, with incremental investments occurring while the mar-
ket is developing and successful offerings are introduced.

In that sense, hardware players are the brave pioneers
of vertical mobility. They must brace themselves for
tough times, since the market will get started with first-
generation systems, but in order to enable the projected
market size of $21 billion for the overall intracity market
in 2035, hardware players need to roll out at least two
generations of air taxis.

Vertical mobility may be a niche of the overall mobility mar-
ket, but it is a crowded niche, especially on the hardware
side, with more than 200 concepts being developed or at
least announced (Figure 19).

eVTOL hardware market overview

>200 eVTOL concepts Number of seats Region of origin
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Figure 19. eVTOL classifications: concepts, number of seats (including pilot), and region of origin
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There are currently more than 100 companies intending to
bring an eVTOL to market by 2025, but we expect no more
than five to ten ventures to become economically success-
ful. Because this estimate is market-driven, we consider
intracity air taxi mobility to viably include five to ten play-
ers—those who can master the triple challenge of access
to capital, assembling an A-team, and staying focused on
the right products and services (more on that below).

Along the way, we hope to see healthy competition among
different concepts. If the market evolves more slowly and
if some companies cannot succeed with products for the
mass market, we expect to see some of them pivoting, for
example, to the more elite segment of private ownership.
Between $5 and $8 billion need to flow into the hardware
realm by 2025 for this market to materialize. Whoever
wants to play in this space will need to be patient, have
pioneering spirit, and secure sufficient venture capital.

But thatis only the first phase of making it happen. Assum-
ing five to ten ventures will become successful, the second
phase making the market relevant will take at least another
S5 billion, maybe even as much as $10 billion, to increase
the efficiency and performance of eVTOL hardware. Only
then will vertical mobility be able to scale to the projected
size by 2035.

Investors have already poured around $5.5 billion of the
first $5-8 billion of required funding into developing pas-
senger eVTOLs [3]. While it is conceivable to make vertical
mobility happen with significantly fewer funds devoted to
hardware development, less capital would curtail compe-
tition among the players. The amount of money invested
in eVTOL hardware by 2022 will therefore provide a good
indication of where the market is headed.

Lower competitive pressure could have several negative
consequences. It does not push competing hardware con-
cepts such as multicopter, lift and cruise, or tilt-x designs
to face off against each other, resulting in less mature
products. It also does not force as much progress as pos-
sible when it comes to improving eVTOL sound profiles,
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costs, or operation hours. And finally, a lack of competi-
tion will not help hardware players refine use cases such
as intracity or city-to-city flights, including first- and
last-mile integration. The progressive case in particular
requires highly mature hardware and healthy competition
among the various concepts in order to make the market
materialize by 2035.

We believe investors in the hardware space have to be
patient and accept an ROI horizon of about 10 years for
the base case (Figure 9). This is due to the fact that invest-
ments need to be flowing today, while the first revenues
will not follow until 2025 as the market slowly evolves.
One way to generate revenues sooner would be to deploy
eVTOLs in the private ownership segment or for transport-
ing goods, since the regulatory hurdles in both cases are
lower than for carrying passengers. The question remains
as to whether those eVTOLs would really be used in any
meaningful way when there is no infrastructure available
to take off, land, and recharge them.

The first generation of eVTOLs have already taken to the
skies for experimental flights and garnered a lot of interest
and headlines. But we are still a long way from commercial
eVTOL applications to carry passengers, mainly because
safety and security are of paramount importance. First
regulatory frameworks, like the special condition by EASA
[9], demand that eVTOLs are designed for the probability of
a catastrophic failure of just 10-9 per hour when conduct-
ing commercial air transport of passengers and flying over
congested areas. On the path to this demanding low-risk
environment, we expect to see eVTOLs take off as private
showcases with a lower safety requirement of only 10-6
per hour. This is due to the fact that an individual is using
his or her own eVTOL and not potentially endangering the
lives of others. We can also envision special regional use
cases, such as leisure flights, that offer vertical mobility
as an adventure similar to bungee jumping or parachuting,
requiring customers to sign a liability waiver. But these
cases will not create a profitable market or hardware busi-
ness case.
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Success factors for hardware providers

Companies that want to earn the right to win in the nascent
hardware market for vertical mobility have to master three
equally demanding disciplines: secure substantial funding,
assemble an A-team, and stay focused on lucrative use
cases for their eVTOL.

01

02

Depending on the complexity of an eVTOL concept, a com-
pany needs to secure at least $500,000 to $1 billion to
get from concept drafts to series development. Any mar-
ket entrant serious about solving the hardware puzzle also
needs a deep and broad bench of experts who know how

03
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Figure 20. Success factors for eV TOL hardware providers

to design aerodynamic concepts, how to get them certi-
fied, and how to manage that complex process with vari-
ous agencies and regulators. Industrial and manufacturing
know-how is also a must, with a background in the automo-
tive space as an added benefit to get to production at scale,
including UX design. We see success as dependent on the
right mix of team members from the aviation, automotive,
and tech world. Established companies will have to work on
integrating those teams, while startups need to build them
from scratch.
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Third, successful hardware players need to define a clear
service mission, focusing on specific use cases and fast
execution. Whatever use case they settle on will help them
optimize the mission profile for their eVTOL. The specs of
their product concept have to be a perfect fit for a particular
use case and their intended end users. Furthermore, a player
in this space must focus on fast execution of efficient orga-
nizational processes and structures. The varying degrees of
freedom in large companies and in startups will come into
focus here.
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Startups are by nature fast-paced, agile, focused, and not
averse to risks. As they grow, their challenges lie in building
and maintaining structure and secure, continued access to
capital. Incumbents, on the other hand, are slower and more
risk-averse. Once they embark on a venture, they have suffi-
cient funds and know-how but are hampered by more com-
plex decision-making.

Technology imposes several mission-critical preconditions,
starting with the batteries (see Chapter 2). Their design and
efficiency define to a large extent whether a planned eVTOL
makes sense at all.

We believe that air taxis covering short hops will be the
exception, even though the very first applications may just
be that—for instance, flying between a train station and
an airport that has suffered from poor connectivity. The
shorter the distance, the more important high travel speeds
become, particularly since customers have to accept detours
or delays imposed by vertiport locations and first- and last-
mile connectivity.®

The sound profile of new hardware directly influences its
social acceptance and market success. Companies need to
consider noise emissions and what they imply for the routes
their eVTOL can service as well as at what locations and how
frequently it will be able to take off and land. All those design
criteria and product specs need to be defined and fine-tuned
according to the specific use case and its intended custom-
ers.

Oneimportantfocusareais operative performance as defined
by service time to enable a quicker turnaround, charging
time, maintenance, and repair. Excellence in those areas can
generate a positive economic case for a service player. We
expect that the second and third generation of eVTOLs will
feature noticeable technical improvements around noise,
mission profiles, and overall efficiency. Those improvements
will make eVTOLs reliable workhorses with high operating
hours and low downtime for maintenance. And as soon as
costs and noise levels come down, this market will be ready
to scale. Taken together, these developments are prerequi-
sites for the next phase of making it relevant.

The path to make the hardware business economically relevant

Hardware players need more than good equipment to suc-
ceed and make the business economically relevant. Only in
an ideal world would an eVTOL be absolutely emission-free
in terms of noise and able to start and land anywhere. In real-
ity, we need cost-effective hardware with a low noise profile
plus thousands of routes and air mobility stations that serve
as the interface for ground and air mobility, with meaningful

passenger throughput. Whoever enters this market must be
prepared to stay in it for the long run, as at least two eVTOL
generations are required to arrive at a fairly silent, high-
performance eVTOL workhorse while the market evolves
incrementally. We expect no easy shortcuts to get around
this timeline.

5 For detailed information that compares the customer journey and travel time between eVTOLs and cars, see Figures 10 and 17 from our 2018 study

“The Future of Vertical Mobility" [1].
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Hardware

... to global market

... to mass-suitable market

From local market... >
From luxury market... >

Performance ~200-1,000 >2,000
operation hours per year operation hours per year
Price ~80.5-2 million ~ $0.25-1.5 million
per eVTOL per eVTOL
. ~65-70dB <65dB
Acoustics at noise level of a truck/car at noise level of a truck/car or lower with
comfortable sound profile
Regulation & law Development of regulatory standards
Social Acceptance Acceptance of safety, noise, and sustainability

© Porsche Consulting

Figure 21. eVTOL hardware development path to an economic and socially relevant vertical mobility market
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By our estimates, one, two, or a maximum of three eVTOL
generations will come to market between 2025 and 2035,
depending on the development speed of the underlying tech-
nology and the evolution of regulatory standards but also on
how investments in the hardware market play out and how
team competencies grow.

The first generation of eVTOLs, ready by 2025, will be char-
acterized by limited operation hours of 500 to 1,000 per
year due to battery constraints and the relative immaturity
of first-generation concepts. The current energy density of
around 250 to 300 Wh/kg means batteries are sufficient for
first test flights until 2025. Today's eVTOLs have very limited
efficiency because of the high battery weight. Taken together,
those conditions make sense for showcasing first flights on
some routes, but not for operating an economically viable air
taxi service for the mass market.

Operation hours are also limited by the respective charging
concept. Frequent charging would mean fewer operation
hours, while changing battery packs would enable more
operation hours. The price of a first-generation eVTOL will
range between $500,000 and $2 million, depending on per-
formance, production volume, and the number of seats. We
expect its noise level to be between 65 and 70 decibels, com-
parable to that of a car or truck. Given the increase in road and
air traffic, it is critical to reduce noise emanating from both an
eVTOL and infrastructure on the ground. Selecting the right
locations can make a big difference.

Many players will fail to bring their first commercial eVTOL
to market. But they will still have the opportunity to learn
from failure and gain more experience to be able to reenter
the market with second- or third-generation hardware. By
then, some successful concepts may have emerged from
today's broad portfolio of ideas. This assessment is based
on several key assumptions—namely, that the market
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keeps growing and additional investors underwrite those
players as well as companies having the right A-team,
access to capital, and the right focus.

If the market volume for eVTOLs does not grow beyond this
initial stage, however, costs will not decrease, leading to
a lower number of customers and less social acceptance.
Under this scenario, a first-generation eVTOL would be just
an electric version of a helicopter and the overall market
would merely develop into a very small, economically and
socially irrelevant niche (Figure 15).

Several things need to happen to eventually make the
market for vertical mobility relevant. First and foremost,
eVTOLs have to evolve into high-performance workhorses.
Follow-on generations of air taxis will have an increased
performance of more than 2,000 hours per year, enabled
by increased efficiency, which in turn is driven by bat-
tery improvements and more mature systems. By then,
we expect batteries to have an energy density of 350 to
400 Wh/kg. The cost per eVTOL will decrease to between
$250,000 and $1.5 million as production volumes go up
and costs adjust to the improved performance and avail-
able number of seats. Noise levels, we believe, will drop
below 65 decibels, offering a more comfortable sound
profile. Further acoustic improvements are key to rais-
ing social acceptance in many regions and will also allow
eVTOLs to stretch their operating hours without being per-
ceived as a nuisance.

Possible third-generation eVTOLs could feature new, com-
mercially applicable technologies such as fuel cells or
improved batteries, but first those technologies need to
mature and be certified. While fuel cells theoretically shine
with high energy density and long life cycles, the necessary
hydrogen infrastructure needs to be built to use them.

29



Possible strategies to become a relevant hardware player

The way for a hardware player to achieve relevancy depends
on how well that company positions itself along the entire
vertical mobility value chain as measured by the environment
in which it operates, the competitive landscape, and intrinsic
factors for each enterprise. As a strategic consultancy with a
strong implementation DNA, we advise companies to develop
their individual approach to market success with a clear focus
on implementation. We can therefore identify several exem-
plary strategies to achieve relevancy.

Developing an eVTOL requires significant investments and
high sales and production volumes until amortization. Pro-
ducing many units is in turn predicated on low-cost manufac-
turing of quiet and socially acceptable hardware suitable for
the mass market. This will not happen until the second or even
third generation. There is additional risk that first-generation
eVTOLs may be a commercial failure plagued by performance
issues or a lack of infrastructure for takeoff and landing. As
soon as a new generation comes to market, it would no longer
make sense to operate the predecessor models.

As a result, hardware players need to demonstrate a solid
business case for the first generation of their equipment to
ensure a positive ROl and be able to quickly invest in the next
generation of eVTOLs. They can pursue several strategies to
reach relevant hardware volume. Serving a global market is
one very important option, as is focusing on combining mul-
tiple use cases (e.g., private air taxis, commercial air taxis, or
the fairly small goods market) into one product or product
platform. Another approach consists of designing modular
hardware that allows for quick upgrades to the next gener-
ation.

In addition, hardware players have to work within the regional
regulatory frameworks and deal with the risk of protection-
ism. While this is a delicate balancing act, it promises to open
up a larger market that can be successfully served with the
right product, leading to a significant global market share and
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high volume. Unlike traditional aviation, we consider urban air
mobility a regional offering that carries the risk of falling vic-
tim to the protectionist policies of the big economic blocs.

Players who focus on a regional or local business will have
little chance to become economically relevant, given the lim-
ited size of the market and the volume involved. That is why
addressing and serving a global market is an equally crucial
and complex task.

One alternative consists of relying on subsidies to gain a com-
petitive advantage in regional markets, another on keeping
prices high, yet both would limit the size of the addressable
market. We believe it would be similarly be ill-advised to lower
the certification requirements at the expense of operational
safety.

It is conceivable that the EASA in Europe, the FAA in the USA,
and the CAAC in China will favor local companies to enable
them get off the ground faster, and in the process, limit the
growth of any one company and prevent vertical mobility from
truly scaling. Simple math demonstrates the downside of
such a protectionist stance. As we have laid out, large volume
sales are necessary to reduce costs per eVTOL. Assuming a
company has invested $1 billion in its hardware: if it sells a
thousand units during the eVTOL's life cycle, each eVTOL has
to carry $1 million of capital expenditure. If unit sales were to
go up to 5,000 units, the capital expenditure load drops to
$200,000 per eVTOL sold, and with 10,000 units the capital
expenditure load decreases to only $100,000.

Market entrants can pursue various possible strategies to
succeed. One option is to develop an eVTOL for commercial
applications. Reaching a high sales volume could be achieved
by diversifying into other applications such as private use,
which allows an even earlier start due to lower regulatory hur-
dles. This approach is also a good way to accumulate valuable
flight hours and gain experience.
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Figure 22. Hardware players with the highest market relevance
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A second strategy involves a company's development of
an eVTOL exclusively for private use. The private market,
however, needs a base layer of infrastructure to function,
which poses higher risks with fewer viable business cases.
There is a chance to make this happen with investments of
just $250,000 to $500,000 for eVTOL development. This
approach carries the risk, however, that a direct upgrade
for commercial applications will not be possible. Other-
wise, we expect investment needs to run at least in the
aforementioned range of $500,000 to $1 billion per sys-
tem.

Should a company want to play it safe, it can choose the
third strategy and be a follower. This path would eventu-
ally hurt overall market development, however, since dar-
ing pioneers are essential to accumulating enough critical
know-how and making progress. The entire vertical mobil-
ity market would suffer from this lack of experience and
expertise. Furthermore, late entry may turn out to be too
late if the market has already been divided up among the
other players.

A fourth possible path to commercial success consists of a
company focusing on a particular niche by becoming a sup-
plier of critical components for eVTOLs, such as batteries,
structural components, systems for autonomous flight, and
DEP.

We currently see about 11 eVTOL providers on the market
that have what it takes to succeed or at least have a good
starting position. These companies come from various back-
grounds but all have the necessary characteristics to do well
in the emerging market for vertical mobility hardware.

As explained above, the expertise and know-how from the
aviation and automotive industry lend themselves to facilitat-
ing market entry and commercial success with eVTOLs. Sim-
ilarly, a startup with ties to the tech world can bring import-
ant competencies such as software design, rapid iteration,
and quick rollout schedules to the table. Overall, we see the
landscape differentiate around two major camps: established
players with a legacy in product design, manufacturing, and
certification versus ambitious startups with a bold vision and
high tolerance for risky bets. Our short list of hardware players
with the highest market relevance is shown in Figure 22.

4.2 Service Player: Solving the Service Puzzle

The service market for intracity air taxis has the potential to be worth S171 billion in 2035,
generating cumulative revenue of S30-33 hillion between 2025 and 2035 and requiring an
investment (capital expenditure) of at least S billion in our base case.

In contrast to the eVTOL hardware business discussed in
the preceding chapter, we expect that the eVTOL service
business will require much lower capital expenditure invest-
ments by 2035, totaling at least $1 billion. This segment
of the vertical mobility ecosystem is characterized by high
operational expenses driven by running an eVTOL service,
locking down funding, servicing those obligations (depend-
ing on the financing model), and performing regular mainte-

Porsche Consulting | Vertical Mobility

nance. As a result, it needs significantly less venture capital
and carries lower risk in making it happen. The service busi-
ness also has a shorter ROl horizon, with an investment in
a new air taxi service potentially paying off in three to five
years. Factors that investors need to keep in mind here are
the pace at which the hardware evolves and what that evolu-
tion means for the life cycle of the equipment, as well as the
speed at which the actual service can be rolled out.
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Running a vertical mobility service is a local play, with each
urban service depending on the individual needs and partic-
ular mobility pain points of a city. Providing the right service
on the right routes is key and determined by the interplay of
the service itself with the available infrastructure. Service
providers must therefore study and adjust for the regional
differences and local specifics of their target market. They
include geographical and meteorological conditions, popula-
tion density, the current mobility mix and mobility behavior of
its residents as well as existing infrastructure and economic
indicators such as the city's GDP and income distribution.

Vertical mobility already exists today in the form of helicopter
services in select cities like New York, but the service is still
very limited and faces active protest movements because of
the noise helicopters cause and the exhaust they generate. To
make air taxi service via eVTOL relevant, such services need
to gain alarge customer base, create broad social acceptance,
and improve their safety record.

Broad global customer acceptance is necessary to scale air
taxi service, and by extension, make it more attractive in terms
of price, routes, and convenience. The overall market will be
smaller if social acceptance is only a local phenomenon in a
few cities. That calls for eV TOL hardware that is markedly qui-
eter than a helicopter, both for its passengers and residents
on the ground, as well as more reliable, safer, and cheaper to
operate than a helicopter. We do not necessarily expect every
first-generation eVTOL to tick all those boxes.

Furthermore, a successful air taxi service needs to be part
of a multimodal mobility chain that delivers a seamless end-
to-end journey. A bimodal service brings with it much higher
complexity and more risks when it comes to service qual-
ity and potential problems. Demand prediction and fleet or
capacity management are key success factors to watch in
this context. If, for instance, a customer on the way to a ver-
tiport is stuck in traffic, the vacant seat on the air taxi has to
be reassigned to another customer to keep utilization high. A
second corollary is the responsibility to get a customer from
A to B, no matter what. Failure to plan for unforeseen events
such as weather or an accident will prompt customers to stop
using the service.

Service providers can incrementally scale their offerings
city by city. That means increasing the number of routes,
expanding their eVTOL fleet as well as slots and frequency
for each vertiport, and offering more local maintenance and
repair operations. The growth rate of the service market is
affected by the development speed of a given number of
cities rolling out air taxis and by the number of routes, which
in turn depend on city permits for vertiports and the num-
ber of eVTOL units in operation.

At the regional level in 2035, we predict a regional mar-
ket revenue split of 30 percent for the Americas (North and
South), 45 percent for the Asia-Pacific region, and 25 percent
for Europe and the rest of the world [1]. We can discern
varying levels of readiness among cities in these regions:

« Asia Pacific: this region includes countries as diverse as In-
donesia, Singapore, and China, where especially second- and
third-tier cities are generally open to air taxi services.

« Europe: the continent has many interesting eVTOL hard-
ware providers, and many cities are generally open to testing,
but we expect they could hold back when it comes to actually
implementing commercial operations. Compared to other re-
gions, Europe may be more critical in terms of social accep-
tance.®

« Middle East: while the region is known for its openness to
air taxi service, it is plagued by challenging weather and cli-
mate conditions.

» North America: cities are more open to eVTOL service.
Some US cities, such as Dallas and Los Angeles, are both on
track to begin testing in the next few years.

 South America: cities in South America and Brazil in par-
ticular already offer vertical mobility in the form of helicopter
services. While they have the basic infrastructure, it does not
offer charging.

¢ Even though we consider social acceptance a critical issue for Europe, a recent poll found that the public would be in favor of using an eVTOL [10]. However,
the survey was conducted among 1,200 people who witnessed an eVTOL test flight, so it cannot be considered representative.
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Success factors for service providers

Service providers have to be mindful of three overarching
success factors: good customer experience by fulfilling the
promise of time savings, high operational excellence, and
keeping close tabs on local business development. Opera-
tors should be prepared to have compelling answers to all of

them, above all, regarding customer experience. Users will
expect an end-to-end multimodal trip that not only offers
them speed, convenience, and good value for their money
but is also considered a socially acceptable mode of trans-
port.
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Figure 23. Success factors for eVTOL service providers

As for speed, this is a factor of both high service availability
and short waiting times, as well as an end-to-end inter-
modal service that lets passengers seamlessly and quickly
get to and from an eVTOL to another mode of transpor-
tation. Compared to today's offerings, intermodal air and
ground transportation is a complex service that could suffer
from multiple issues.
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Convenience is defined by highly reliable service that cus-
tomers can count on for travel, even when last-minute
events like bad weather intervene. In such cases, a service
provider has to offer alternatives on the ground to make up
for the temporary loss of vertical mobility. In addition, con-
venience and reliability must translate into a simple way to
book an eVTOL trip with an one-stop shop or app, and must
offer transportation from the start to the very end of the trip.
Finally, an air taxi operator should offer additional services
around the journey such as a concierge.
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Taking an air taxi also has to offer a competitive price and
good value for the money. The currency units that enter this
highly personal equation are time spent or saved, the safety
gained by choosing air travel (depending on the city), and an
innovative flight experience people can get excited about.

Beyond the customer experience lies the challenge of
achieving operational excellence. Air taxi services need to
optimize costs for operating expenditures (OPEX)—that is,
operations, maintenance, and repair. Optimizing the pas-
senger load will require high utilization rates and few dead-
end routes plagued by low passenger numbers, all the while
ensuring that service is as reliable and available as adver-
tised. Again, we want to stress that predicting demand
and managing capacity are crucial in this arena. Last but
not least, operational excellence means securing financ-
ing to keep the business going and at a price that invites
everybody to use an air taxi service, at least sometimes. To
achieve this price level, pooling can be crucial.

Vertical mobility is a “game of seconds” where the customer
experience is shaped in no small part by operational excel-
lence. The customer may accept a few minutes delay, but
operators should plan and time their service down to the
second and be prepared to quickly react to any disruptions.

Service providers will have to factor in their passengers'
feelings and subjective expectations, similar to how a cus-
tomer chooses a ride-hailing service today based on ad hoc
wait time or the actual (or anticipated) frustration of get-
ting stuck in traffic en route.

Guaranteeing an efficient and reliable air taxi trip from A to
B will require a fair amount of smart coordination and dis-
patching. Which of the current mobility providers, airlines
included, can provide that type of satisfying journey today?
Adelay of 10 to 15 minutes will not be acceptable for urban
air taxi services. What's more, a successful air taxi operator
has to excel in local business development to secure routes
and slots and be a consistently good citizen, creating high
acceptance among city agencies and residents. The better
the first and last mile is integrated into the service offering,
the more attractive vertical mobility will be.

The path to making the service business economically relevant

Service providers will need cities that support them with the
approval of test routes and ideally have access to existing
infrastructure to accommodate their routes and takeoff and
landing slots. We consider the current air traffic manage-
ment (ATM) system sufficient to get the first air taxi services
started and therefore do not expect it to pose a mission-
critical constraint.
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The first routes for air taxis will be chosen where social accep-
tance is not of critical importance, for example, by selecting
locations that are not overly noise sensitive. Those initial
routes will likely be serviced by Uber Elevate (acquired by Joby
Aviation) in partnership with Uber Taxi or others in New York
via helicopter and will serve only a small minority of people
on specific occasions, such as getting to and from an airport.
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Service

From local market... > ... to global market
From luxury market... ) ... to mass-suitable market
Cities Only a few cities and routes >30
for first commercial service on selected routes with developed infrastructure & service network
. ~15 ~30
*
Flights per day per eVTOL per eVTOL
Service price ~50% Competitive
of today's helicopter services with conventional taxis
Regulation & law Allowance of routes
Social acceptance Acceptance of service price and reliability

*Indicative numbers +/- 5 in dependence of use case, trip length, weather, operation hours per city, etc. © Porsche Consulting

Figure 24. eVTOL service development path to an economic and socially relevant vertical mobility market
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They will be the test case to gauge consumer interest and
acceptance and help build an initial customer base.

During this phase, operators can leverage helicopters to
build up know-how in vertical mobility services for various
aspects of their business: ground operations from handling
to boarding and de-boarding, as well as flight planning
and clearance procedures for their air operations. As they
implement those services, companies can test and further
develop software algorithms that afford a reliable multi-
modal trip, which is easier to accomplish for single routes
than for a complex network of routes.

On the business development side, service providers will by
then have secured relevant sites for takeoff and landing and
built a functioning rapport with city agencies and other reg-
ulatory bodies. Alternatively, they can lay the groundwork for
becoming a dominant mobility provider on the ground with
the option to add and integrate vertical mobility at a later
point.

We predict a rollout scenario in which service will develop
from helicopter testing on initial routes to commercial ser-
vice for attractive routes and finally to a network of routes in
the city, with eVTOLs replacing helicopters as a less noisy
and safer alternative.

The reliability of eVTOL air taxi services has to be proved
with first showcases on initial routes to generate customer
acceptance. We expect that only a few cities will start com-
mercial eVTOL air taxi services in 2025, using first-generation
eVTOLs and initially covering a few attractive routes, for
instance, between an airport and the city center. Trying out
and experiencing this novel service will generate customer
acceptance for electric air taxis.

On those first routes, we expect each eVTOL will start
with about 15 trips per day due to limited performance of
first-generation hardware. Social acceptance will grow as
the public is subjected to lower noise emissions compared
to helicopters. The first eVTOL air taxi services also have
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to offer personal customer benefits and prove themselves
as suitable for the mass market. As for the price point, we
forecast that these air taxi services will cost about half of
today's helicopter flights. Due to the limited routes, network
planning and dispatching will be less critical and a high load
factor will be easier to achieve than for bigger networks.
This service will only be used by some customers, such as
business travelers, on some occasions, like trips between an
airport and a city.

Making eVTOL air taxi service a sizable and therefore rele-
vant market will require quite a few improvements. The new
aerial service network will grow by adding more routes and
making the first and last mile to and from vertiports more
attractive. An increase in routes will result in greater cus-
tomer benefit due to better accessibility for more people,
which will also cause the eVTOL hardware market to scale,
lowering equipment costs.

On the flip side, a growing number of routes will drive up
complexity for service providers, leading to lower utilization
and more dead-end connections. That is why service play-
ers have to strive for more operational excellence and rely
on more sophisticated pooling algorithms. If they manage
to create a network effect that captures many customers,
they can eventually achieve high utilization rates and build
a profitable service for the broader public. It would be a ser-
vice available to everybody, like taxis today, to fulfill a spe-
cific need: getting somewhere quickly, making a last-minute
meeting, or simply splurging now and then.

By 2035, more air taxi services will launch in additional rele-
vant cities. For an economically relevant scenario, we expect
to see more than 30 cities with a developed infrastructure
being serviced by eVTOL fleets, or more than 200 cities with
reduced routes if the build-out were to happen on a smaller
scale. It is worth remembering that it took Uber four or five
years to launch its ground-based ride-hailing service in 100
cities, but with hardware (cars) and infrastructure (streets)
that were readily available.
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One also has to take into account the length of a city's
permit process for eVTOL service and the time required to
build the necessary infrastructure and air routes in many
regions. We expect each eVTOL in 2035 to provide up to
30 service flights per day due to the higher performance
of next-generation hardware. As the number of flights go

From luxury helicopter service

From ride-hailing service
to ride- and flight-hailing service to aggregated ride & fly services

up, optimized sound profiles will be essential to building
and maintaining broad social acceptance. Next-generation
eVTOL hardware will allow price points that are compet-
itive with a taxi on the ground, offering passengers more
value for their money and therefore boosting customer
acceptance.
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Figure 25. Three possible strategies to succeed as eVTOL service provider
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Possible strategies to becoming a relevant service player

Option one is to evolve from luxury helicopter to (premium)
eVTOL service: a provider will start with helicopter service
to establish its customer interface for the premium segment
and later add additional services around the journey on the
ground, such as first- and last-mile mobility options and a
concierge service. A motivation here is to defend the pre-
mium customer segment in terms of customer experience
as success factor, as in the case of Blade. With this strategy,
the service provider—considering local business develop-
ment as a key success factor—has to demonstrate safety
and reliability to its customers and make sure it can secure
attractive locations, routes, and slots in a given city.

The progression from ride-hailing to ride- and flight-hailing
service can be summarized as the “enter-and-add" strategy.
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Providers enter the market with a ground or 2D-mobility
offering and then add vertical mobility, as Uber is planning.
The goal here is to establish a popular customer interface,
a successful customer lock-in, and consumer mindshare
by continuously expanding service, ultimately integrating
3D offerings. This approach is driven by the motivation to
reach profitability through additional services. It has the
potential to increase the profitability of a 2D ride-hailing
service provider by adding vertical mobility, because having
eVTOLs in the portfolio creates an appealing mobility bundle
for attractive distances beyond 20 kilometers. One example
of this approach is the integration of premium-priced Uber
Black rides into a multimodal experience on the ground and
in the air.
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Multimodal service is more complex for several rea-
sons. There is a high number of stakeholders and play-
ers involved—from service provider, eVTOL operator, and
ATM staff to customers and ground operators. Multimodal
transport also creates dependencies between ground and
air mobility, effectively locking in customers. Operator and
customer are compelled to comply with and stay within the
multimodal service chain and its boundaries. This differs
from today's ride-hailing operations in which drivers often
acquire a ride outside the walled garden of the ride-hailing
service and app, for instance, when they happen to pick up a
passenger at a hotel or airport.

The third strategy entails a provider starting from the public
service end of the transportation spectrum and subsequently
integrating and aggregating ground and vertical mobility ser-
vices under one roof. This could be a public transit authority
that aims to shape the system early on, providing the usual
public transit services while integrating and aggregating pri-
vate 2D and 3D mobility offerings. The motivation behind this
strategy is primarily to solve upcoming or already existing
gridlock on the ground.
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WEe believe that cities can, should and will regain control over
urban mobility for multiple reasons. It helps them with city
planning, expanding tomorrow's infrastructure and optimiz-
ing its utilization. It also offers cities the opportunity to steer
and guide the evolution of future multimodal mobility, even
though private service providers will most likely run parts of
this urban mobility network.

Depending on the service starting point, we see different
players with varying potential to succeed. Examples for prom-
ising providers starting with 3D service are Blade and Voom,
while providers starting with a 2D service are Uber and DiDi.
Transit authorities that are starting with a public 2D service
are Berlin's BVG and New York's MTA.
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Figure 26. Average trip distance for mobility service providers
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4.3 Infrastructure Player: Solving the Infrastructure Puzzle

The market for intracity air taxi infrastructure has the potential to be worth S2 billion in 2035,
generating cumulative revenue of S6-7 hillion between 2025 and 2035 and requiring an
investment (capital expenditure) of at least S7 billion in our base case.

Assuming that by 2035 a minimum of 30 cities launch an air
taxi service with a relevant number of flights and routes, we
expect minimum investment needs totaling $7 billion. This
sum would cover the costs required to enable vertiport oper-
ations for eVTOL air taxi service in more than 30 cities with an
expansive vertical mobility infrastructure, or more than 200
cities with a lower build-out rate. In the conservative case,
only a few cities will have air taxi services in operation, while
the progressive case envisions more than twice as many cit-
ies. The number of slots is the all-important bottleneck for
the infrastructure build-out, as those slots ultimately deter-
mine the service capacity in a city.

The key capital expenditure drivers are real estate, depending
on the ownership/finance model, and construction costs as
well as the charging infrastructure. The drivers for ongoing
operating expenses are energy costs, staffing, and ground
operations as well as rent, if the buildings are not owned by
the operator. The actual sums may vary greatly since con-
struction costs across different geographies have a wide
spread. The ratio of CAPEX to OPEX s influenced by the deci-
sion to own or rent the real estate required for vertiports. In
most cases, we expect the operating model to match that
of parking lots or garages. The estimated investments listed
above are calculated using a bottom-up investment model,
and these funds will be needed incrementally since the
required eVTOL infrastructure will not be built out at once but
step by step and will involve plenty of refurbishment work.

Investors in eVTOL infrastructure should plan an ROl horizon
of 15-plus years, with the actual time frame to recoup their
investment determined by the number of vertiports and the
specific expansion plans. Investment needs will rise propor-
tional to the maximum number of turnarounds per hour. Our
model takes into account three different configurations for
vertiport infrastructure: vertistop as well as small and large
vertiports (Figure 27). These configurations are character-
ized by their maximum throughput or their maximum num-
ber of turnarounds as defined by the sequence of landing,
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de-boarding, boarding, takeoff, and potentially charging the
eVTOL. (One turnaround in this context means one takeoff and
one landing, so 10 turnarounds are equivalent to 10 takeoffs
and 10 landings.) The type of batteries or energy systems
used imposes a crucial constraint on throughput. Batteries
with low capacity and a long charging time will require more
space for charging and parking eVTOLs, which in turn will
incur additional costs.

Infrastructure is above all a local play that consists of build-
ing a unique vertiport network for each city. The given urban
infrastructure of houses, skyscrapers, parking garages and
the like determines how vertiport infrastructure should be
designed, such as meeting safety and passenger security
requirements. Building and zoning codes and permit pro-
cesses vary by city and are also influenced by community
acceptance. At the same time, there are regional standards
based on product specifications for charging plugs, charging
currents, ground handling technologies, and space require-
ments. The overall business depends on the attractiveness
and social acceptance of the total service package, com-
prised of noise emissions, price, and convenience. Infrastruc-
ture players have to strike a delicate balance between mak-
ing their sites easily accessible for everyone and manage the
“not in my backyard" (NIMBY) phenomenon for everybody
around them.

Any viable air taxi service using eVTOLs requires very spe-
cific routes with clearly defined start and end points to make
this market happen. If we were to assume that air taxis could
freely take off and land anywhere—much like cars, bicycles,
or scooters today—it would constitute a game changer and
radically alter the market potential. But this scenario will
most likely be science fiction, even in 2035. We strongly
believe that vertiports are necessary and yet could represent
the bottleneck for vertical mobility's evolution. Customers
have to be able to reach them easily, and these start and end
points must be permitted and built rather quickly with the
surrounding neighborhoods' approval.

40



The limited number of spots for eVTOL takeoffs and landings
means infrastructure planning needs to work under two con-
straints: planners have to include first- and last-mile access
to those vertiports and be aware of the fact that it will limit
the overall utility of an eVTOL service. This limitation also
puts a cap on the number of possible flights in a given city.
After the initial test routes have demonstrated that eVTOL
technology is ready to use, this new technology will have to
be integrated into existing infrastructure and mobility ser-
vices to test its commercial usefulness and viability.

The important aspects to focus on here are establishing
open standards for infrastructure and maintaining a sort of
“net neutrality” for vertical mobility. That means avoiding
vertiports that are either hardware-specific, as in the case
of Voloports in Singapore [11], or tied to a specific service
player, such as Uber's vision of integrated stations for Uber
Taxi, bikes, charging, and the like.

The passenger transportation capacity of an air taxi service is
limited by the number of vertiports but also by their type and
size. We distinguish between three different types of verti-
ports: vertistop, small vertiport, and large vertiport (fig. 27).
In most cases, we expect a brownfield approach to integrat-
ing vertiports into a city by retrofitting existing infrastruc-
ture. For a greenfield approach, some players see megaports
with a thousand takeoffs and landings per hour (at a rate of
1.8 seconds per takeoff or landing) as a potential fourth con-
figuration, which Uber also envisioned in 2018. We do not
expect, however, that such large facilities will become a rel-
evant reality by 2035.

A vertistop is comparable to a helipad and best suited for quick
drop-offs, with no or only very limited options to park, charge,
or perform maintenance. They would be a good fit for locations
near a city center, such as on the roof of an office building. A
vertistop has a single TLOF (touchdown and liftoff) area,
allowing about six turnarounds per hour, and comes with low
space requirements and emissions.

A small vertiport offers the space to park and charge an eVTOL
and perform maintenance. It could be located on parking decks
since its noise emissions are low. A small vertiport with one
TLOF area and three parking spots can handle about 25 turn-
arounds per hour.
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A large vertiport can be considered an enhanced version of a
small vertiport, with even more space for parking, charging, and
maintenance. Due to increased noise emissions caused by a
greater number of takeoffs and landings, a large vertiport would
ideally be located outside of a city center or close to high-traffic
roads, which already emit high levels of ambient noise. Such
large vertiports, with two TLOF areas and six parking spots, can
accommodate a total of 50 turnarounds per hour. If a large ver-
tiportis directly connected to ground mobility modes and other
services, such as charging plus ancillary offerings like shopping
and lounges, we refer to them as air mobility stations.

Megaports, as the potential fourth configuration, could have up
to 20 TLOF areas and up to 100 parking spots, which would
raise the hourly throughput to a maximum of 1,000 turn-
arounds. As greenfield buildings, such megaports could cost
several hundred million dollars, depending on what other trans-
portation modules are integrated into it, for instance access to
ground mobility.

Vertiports could run into the eight figures, including addi-
tional expenses associated with enhancements such as
lounges, restaurants, retail, parcel center, and ground
mobility operations (electric bikes, scooters, vehicles) that
will generate additional revenue streams. Depending on the
size of the vertiport, the costs for elements required for air
taxi service operations (areas for TLOF, taxiway, turnaround,
and other facilities dedicated to various aspects of customer
convenience) could make up between 10 to 30 percent of
the total.

So much for the basics to make the infrastructure market
happen. For it to become relevant, a number of mission-critical
preconditions have to be met. First is social acceptance
of noise emissions and integrating new infrastructure into
a city's urban fabric and the daily lives of its residents. Any
player active in this market needs to secure sufficient and
suitable real estate, which is tied to norms in aviation safety
for the approach and departure corridors as well as local
regulations and code for issuing building permits. Finally,
the length of a city's permit process must be kept reason-
ably short or it will delay the infrastructure build-out, and by
extension, the scaling of the overall vertical mobility busi-
ness.
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Figure 27. Classification and configurations of vertiport infrastructure

Success factors for infrastructure providers

In real estate, location is key. Attractive locations will see
higher use, sometimes posing challenges in terms of stake-
holder management. Successful entrants into the infra-
structure market have to choose wisely where to position
their vertiports and their distributed in a city. Greater num-
bers of well-placed vertiports, for example, make it easier
and more convenient for customers to reach them than if
they have to travel to a faraway location in an undesirable
part of the city. Locations should also be chosen with an eye
to multiuse functionality.

If a vertiport offers ancillary services such as parking, electric-
vehicle charging, food and drink venues, parcel pickup, or
shopping, it becomes more attractive and will draw more cus-
tomers and create additional revenue streams. The challenge
lies in finding a central location for the vertiport that meets all
the necessary requirements, including good connectivity to
the grid for reliable charging.

Linking the vertiport to mobility services on the ground is
another promising approach to turning it into a high-traffic
hub and will reduce the dependency on air service alone.
Planning for a multiuse location also allows for a flexible and
modular build-out of the 3D infrastructure and lowers the
investment risk.
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There are other aspects of vertiport operations that need to
be considered and optimized. Passenger handling includes
providing assistance for boarding/de-boarding and finding
your way. Next are safety and security-related processes such
as security checkpoints, plus ground control. This includes
supervision of eVTOL areas, the performance of a ground
handling system, and support of the charging process. Finally,
there is infrastructure management in the form of monitoring
and maintenance of the technical condition and functionality
of surfaces, technical installations, and the buildings them-
selves.

Another success factor concerns stakeholder management.
Whoever wants to successfully build and operate eVTOL
infrastructure needs to address and satisfy the concerns,
needs, and wishes of agencies, residents, and neighbors. It
follows that a good corporate citizen ought to aim for a loca-
tion that provides something for all stakeholders, whether an
attractive design or high civic utility as a multiuse hub. Not
generating additional acoustic emissions beyond existing
ambient noise will promote community acceptance of these
locations. Successful stakeholder management also means
creating and maintaining a good rapport with city and other
agencies to collaboratively develop vertiport locations, which
will unlock more routes and slots.
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The path to making the infrastructure business economically relevant

Our market model can simulate infrastructure development
in three stages per city, from an initial and an extended build-
out to a full-blown expansion phase. We expect that existing
infrastructure, such as helipads, will be adjusted to meet
eVTOL requirements by, for instance, adding charging points
to allow first tests by somebody on some occasions. Con-
currently, companies in the space will accumulate essential
know-how about the infrastructure components essential
for vertical mobility. This phase will define common infra-
structure standards based on product standards, as well as
the standards concerning certification under applicable avi-
ation laws and building codes.

At the outset, the first vertiport networks will only exist in
a few cities. The first routes between hubs such as airports
and train stations will be serviced, partially replacing exist-
ing helicopter routes. Existing infrastructure such as parking
garages will be adapted to eVTOL needs to expand the ver-
tiport network and alter its configuration to accommodate
more turnarounds per hour.

In 2025 we expect fewer than 50 vertiports worldwide, with
about 1,500 takeoffs per hour for the first routes. This total
is limited by the number of possible turnarounds per verti-
port per hour.
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For an economically relevant scenario in 2035, we forecast
a need for 1,000 to 2,500 air mobility stations—relevant
vertiports that are fully integrated into the existing city
mobility. They could be in the form of 1,000 large or 2,500
midsized vertiports in more than 30 cities with developed
infrastructure, or alternatively spread out among more than
200 cities with fewer routes if the build-out were to occur
at a smaller scale. Existing heliports already have a certain
basic infrastructure for commercial operations and therefore
lend themselves to this type of retrofit. Looking at global
statistics, only the USA with its more than 5,000 existing
heliports offers a sufficient number of takeoff and landing
sites that could be used for air taxi service, albeit without a
charging infrastructure. The growing pains of electric mobil-
ity on the ground are a good reminder of how crucial and
time-sensitive the build-out of charging stations is. Next is
Korea as a distant second with more than 400 heliports; all
other countries have significantly fewer than 100 heliports.

As each city builds out its infrastructure, the number of avail-
able vertiports will grow and allow more turnarounds per hour.
Globally, we forecast a need for more than 65,000 takeoffs
per hour by 2035 for the $21 billion intracity vertical mobility
market alone.
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Figure 29. eVTOL infrastructure development path to an economic and socially relevant vertical mobility market

The costs for air mobility stations will far exceed the expenses
of simply retrofitting existing infrastructure with essential
eVTOL modules, such as chargers. Air mobility stations will
become mability hubs that offer connectivity to 2D transporta-
tion and draw people with their selection of shops, lounges, and
other attractions. Building those rich hubs, however, will trigger
additional costs before it unlocks new revenue streams.

The infrastructure available to eVTOL services will be unevenly
distributed. Most cities will be hampered by their specific and
often very lengthy permit processes that could take up to five
years and impede a speedy build-out. As a result, we do not
expect cities to have a massive network of hundreds of verti-
ports.

Possible strategies to become a relevant infrastructure player

Companies that want to succeed in this market have differ-
ent pathways available to them, which are differentiated by
an open or closed system. Vertiport sites can either follow the
principle of network neutrality or offer exclusive/limited slots
for selected service providers. While both are possible and
feasible, cities would be well advised to opt for net neutrality
when it comes to vertical mobility.
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One possible strategy consists of developing a closed infra-
structure system, an approach with the advantage of a spe-
cific match of hardware, service, and infrastructure. On the
other hand, it does create a monopoly that lacks flexibility and
runs the risk of high prices and low utilization.
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Infrastructure providers can start with the existing 3D infrastruc-
ture, such as helipads. This approach lets them gain know-how in
operating such infrastructure from ground handling to charging.
From there they can develop a vertiport network that makes a dif-
ference in urban transport, as long as they always focus on a clear
business case.

A second approach consists of building an open system—that is,
with no specific match of hardware, service, and infrastructure—
creating new meeting points or micro-cities. While they offer the
benefit of being flexible, they also risk suffering from a lack of infra-
structure standards. This approach focuses on finding attractive
vertiport locations by either creating new traffic hubs orintegrating
vertical mobility into those already present. A company can follow
a brownfield approach and adapt existent infrastructure to eVTOL
requirements, integrating vertical mobility into parking garages,
hotels, and malls. There is also a greenfield option in which opera-
tors, such as property owners, holistically plan a new multipurpose
infrastructure that includes a vertiport facility.

A third exemplary strategy is characterized by a public-private
partnership that integrates vertiports into existing traffic
hubs. Companies would have to seek out established nodes like
airports and subway or train stations and augment them with
vertical mobility infrastructure. This approach must be driven by
network neutrality, offering every service provider access to these
facilities.

Generally speaking, players like real estate developers, owners
of attractive properties, and airport and parking space opera-
tors could be successful in this market. Developers are partic-
ularly focused on the construction and financing of vertiports.
Uber Elevate (acquired by Joby Aviation), for instance, has com-
missioned real estate developer Hillwood for the city of Dallas
and Related Companies for Los Angeles and Santa Barbara to
develop vertiports.

Airport operators are mainly specialized in airport operations,
but they can also be co-owners of the respective vertiports.
Skyports, for example, is developing and intends to operate
one of the first vertiports in cooperation with the city of Sin-
gapore and Volocopter. FraPort, which operates the Frankfurt
airport, also wants to integrate eVTOL operations at its existing
airport in Germany. Another potential player is Signature Flight
Services, which is already running airport operations for Uber
Elevate's helicopter service in New York.

The challenge for airport operators lies in the faster speed of
the eVTOL business. A 15-minute delay is almost a given for an
airline customer but will be a showstopper for air taxi passen-
gers. Successful operators also need to focus more on the cus-
tomer journey and less on ringing up concession sales between
the security checkpoint and the gate. This shift could also have
a positive impact on airport processes for airline customers,
motivating the former to optimize their processes.

Whatever comes next—we are ready for takeoff

Whether it is hardware, service, or infrastructure, vertical mobil-
ity is a new method of transportation that comes with its own
risks and rewards for companies, consumers, and communities.

It will require all market entrants to rethink customer needs and
balance them against business demands, regulatory require-
ments, and social concerns, as this market is poised to evolve
from limited experiments to a volume experience. We are opti-
mistic that a future awaits in which flying will be a natural part of
our daily lives.

But vertical mobility will not materialize on its own. To make it
happen, players will have to cooperate during the pioneering
phase to create and fill the ecosystem with life, while we will see
more and more differentiation and competition to make it rele-
vant in the second phase. If there is one insight we want to leave
you with, it is this: technology makes vertical mobility happen,
but broad social acceptance will make it economically relevant.

A future awaits when flying will be a natural part of our daily lives.

We look forward to hearing your thoughts, comments, and questions.

Please get in touch with the authors at verticalmobility@porsche.de
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Glossary

ATM Air traffic management

CAAC Civil Aviation Administration of China

DEP Distributed electric propulsion

EASA European Aviation Safety Agency

eVTOL Electrically powered vertical takeoff and landing aircraft

FAA Federal Aviation Administration

GDP Gross domestic product

PAX Passengers

STOL Short takeoff and landing

TLOF Touchdown and liftoff area

Ux User experience

Cases Economic efficiency analysis in which the model is run for three different cases: realistic or base case,
optimistic or progressive case, and pessimistic or conservative case.

Scenario Market uncertainties allow for an indefinite number of scenarios, which can fall into any of the three

cases or in between.
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