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Introduction

“Mark my words. A combination of airplane and
motorcar is coming. You may smile. But it will come.”

CENTURY ago, aviation pioneer Glenn Cur-

tiss debuted the Autoplane, a three-seat car-

cum-aircraft with removable wings.? Ever
since, automobile and aviation enthusiasts have
been dreaming of “flying cars.” Flying can replace
driving in cities around the globe, saving people’s
time as trips that take hours on the ground can be
reduced to minutes in the air, improving productivi-
ty and quality of life. After decades of failed projects
and false starts, we may now be on the threshold of
this vision becoming a practical reality.

This new class of vehicles is emerging in the midst
of an already dramatic transformation in the way
people and goods move around. Driven by a series
of technological and social trends, from ridesharing
and bikesharing to electric and autonomous vehicles
and beyond, the future of mobility could ultimately
create a more integrated transportation system that
is faster, cheaper, cleaner, and safer than today’s.?
Even as players across a host of industries come to

— Henry Ford, 1940’

grips with these changes to terrestrial mobility, ad-
vances in flying cars could add, literally, an entirely
new dimension to an already complex landscape.

While we are early in this journey, market seg-
ments seem to be forming, some early entrants are
experimenting, regulations are being formulated,
and technology is developing. This study looks at
the emerging market for personal mobility, explor-
ing both the current state of the technology—includ-
ing the rapid advances made in recent years—as well
as the many hurdles that remain before flying cars
become widely adopted. It also examines impor-
tant questions related to the regulatory framework
and supporting infrastructure. Finally, the study
explores how widespread use of passenger drones
could reshape urban mobility, and suggests some
key steps players in aerospace and other industries
can do now to prepare for this exciting possibility,
as well as what disruptions to possibly expect.

This study's findings are based on both primary and secondary research. As part of our research,
we interviewed subject matter experts and senior executives at leading aerospace and automotive

companies as well as start-ups that are involved in the development of passenger drones and
flying cars.
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Passenger drones and
flying cars are nearing
commercial availability

HE technology and product development of
passenger drones and traditional flying cars
seem to be swiftly progressing. These vehicle
concepts have been under development since the
1980s, and various prototypes already exist, with
the majority capable of vertical takeoff and landing
(VTOL). A VTOL vehicle is an aircraft that takes off,
hovers, and lands vertically and does not require
runways. For this study, our definition of VTOL
excludes any type of helicopter. While traditional
helicopters have had this capability since their in-
ception, most are considered highly energy inef-
ficient, seeming to prevent large-scale operations.
Many companies today are instead focusing on
electric or hybrid-electric designs with VTOL capa-
bilities. These vehicles, popularly called flying cars
or passenger drones, are designed to accommodate
around two to five passengers or the equivalent car-
go weight; be highly energy efficient, with reduced
or zero emissions; and be substantially quieter than
a traditional helicopter.+
Several categories exist under the broad group
of these proposed urban mobility vehicles, each
with distinct characteristics and potential uses:

« Passenger drones: A passenger drone is ex-
pected to be an electric or hybrid-electric quad-
copter (although some may have more than four
rotors) that can be used to move people or cargo
between both established and on-demand origi-
nation and destination points. These vehicles
can be either manually piloted, remotely piloted,
or fully autonomous. When piloted, the pilots re-
quire a license or certification. Passenger drones
would cover short to medium-range distances
(up to 65 miles).

« Traditional flying cars: A traditional flying
car would be a vehicle where the driver/pilot
can drive the vehicle in its car configuration to
an airport, reconfigure the vehicle to an airplane
mode, and then fly to a destination airport. It is
designed to carry people and fly medium to long
distances (50 to 200 miles). Currently, it would
need to be operated by a licensed pilot, but it
could be made fully autonomous and pilotless/
driverless over time. In the near future, flying
cars are likely to become VTOL capable.

+ Revolutionary vehicles: Revolutionary ve-
hicles, which are expected to be a combination
of passenger drone and traditional flying car,
would be fully autonomous vehicles that can
start or stop anywhere, with speed and range
(distances greater than 200 miles) beyond pas-
senger drones and the traditional flying cars.
These vehicles have advanced VTOL capability
and therefore can land and take off from almost
anywhere because they may not require an es-
tablished airport/vertiport. These would likely
be piloted by a licensed pilot initially, but they
could be made fully autonomous over time.

Figure 1 lists and compares some of the major
flying car and passenger drone manufacturers and
their proposed vehicles.

With the increasing popularity of small un-
manned aerial vehicles or drones, and regulations
increasingly supporting their commercial use, pas-
senger drones and flying cars appear to be moving
closer to reality, with aerospace and aircraft design
technology being developed rapidly. Many passen-
ger drone and flying car manufacturers have already
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Figure 1. Key specifications of major passenger drones and flying cars under development
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passed the conceptualization/design phase, and a regulatory hurdles are cleared, passenger drones
majority of them are currently in the prototyping are expected to get wings by 2018-2020, and tra-
and testing stage, with most manufacturers expect- ditional flying cars by 2020-2022, while revolu-
ing delivery by 2020 (figure 2). tionary vehicles could be a reality only by 2025.5

In terms of technology, the industry is at an
advanced development phase, and if safety and

Figure 2. Current development phases of passenger drones and flying cars

Current phase

MANUFACTURER/ Development — -oncepT/ Launch/
Vehicle name start DESIGN PROTOTYPING TESTING PRODUCTION delivery
AEROMOBIL/
Flying Car 2010 2020
AIRBUS/PopUp 2016 2020
AIRBUS/Vahana 2016 2020
AURORA (BOEING)/
eVTOL 1989 2020
EHANG/184 2014 2018
E-VOLO/Volocopter 2012 2018
JOBY AVIATION/S2 2009 N/A
LILIUM/Lilium 2014 2019
MOLLER/Skycar 1983 2020
PAL-V 2001 2018
TERRAFUGIA/ 2006 2019
Transition
VRCO/NeoXCraft N/A 2020
ZEE.AERO/Zee 2010 N/A

Source: Deloitte analysis based on data from Drone Industry Insights, company websites, and press releases.
Deloitte Insights | deloitte.com/insights

WHAT'S CURRENTLY IN THE AIR?

China's Ehang has already tested its self-flying passenger drone, named 184, which was showcased
at the Consumer Electronics Show in 2016. This quadcopter has already been tested in Dubai, where
it is expected to be operational as early as 2018, according to the company. However, Ehang still
needs to obtain an aviation license.

Aurora Flight Sciences, acquired by Boeing in October 2017, unveiled the eVTOL, with the
prototype tested in the beginning of 2017. The company also announced a partnership with Uber,
which is working on on-demand flying cars. Aurora aims to deliver 50 aircraft to UberAir by 2020.

The final commercial design of Flying Car by AeroMobil was revealed in April 2017. The vehicle

is designed to be both driven and flown, unlike those of other companies, which are mostly
manufacturing VTOL aircraft. AeroMobil has started taking pre-orders, with deliveries anticipated to
commence in 2020.
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WHAT'S CURRENTLY IN THE AIR? (CONT.)

Airbus's Project Vahana, an electric autonomous helicopter, and CityAirbus, an air taxi, are also
in the advanced development stage. Project Vahana is designed for both passenger and cargo
transport, and Airbus plans to conduct flight tests of the prototype by the end of 2017. CityAirbus
is a design for an air taxi, with multiple propellers and the appearance of a small drone. Customers
would be able to book a seat on CityAirbus as they book an Uber ride.

Volvo’s parent company, Geely, acquired a flying car start-up, Terrafugia, in November 2017.
Terrafugia's first flying car, Transition, is in its testing phase, with deliveries anticipated in 2019. The
company is also working on a VTOL flying car, which is expected to debut in 2023.°

a-service interface.” For example, a traveler could
be picked up by a ride-hailing car from her home
in the suburbs, driven to a nearby “vertiport,” and
flown to another vertiport at the city’s edge, before
taking the subway to her destination.

There are numerous potential applications for
these new forms of urban mobility vehicles (table
1). For many of these, the airborne trip could be
just one leg of a multimodal journey and poten-
tially accessed via a single, integrated mobility-as-

Table 1. Potential applications of flying cars and passenger drones

Use case Description Vehicle type Operations
Transport of people/cargo within an Passenger
extended urban area or between urban drones, piloted or
areas during peak travel times; ideal + Passenger drones autonomous

Intra/inter-urban

when encountering obstacles such
as bridges or lakes, and when quick

Package drone

Package drones,
remote piloted or

response or convenience is required autonomous
Transport of people/cargo between urban
and suburban areas when ground traffic - Passenger drones
To/from urban/ congestion is heavy, the route to the . Traditional flvi Piloted/
suburban destination is indirect (multiple pick-up/ raditionattlying autonomous
drop-off points), and when speed and cars
predictability are needed
Transport of people/cargo over mid-
Rural to/from range dls.tances when congestion |s.h|gh, + Traditional flying Piloted/
distance is a challenge or the route is
urban/suburban oo . o cars autonomous
indirect, and speed and predictability are
needed
Transport of people/cargo between
Iarge established cities and metro areas, - Traditional flying
typically over longer distances and where .

. . d ) . cars Piloted/
Intra/inter-city airports are available for traditional . Revoluti autonomous
flying cars; most useful when distances e;]/.o Iu lonary

are longer and drive time, even without venicies
congestion, is a constraint
.- + Passenger drones :
Specialized uses such as search and . Pack & p Piloted
Special mission rescue, emergency supply delivery, air a']tch age K rones, Remotely piloted
ambulance, and fire rescue with packages or Autonomous

video camera

Source: Deloitte analysis.
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Challenges to taking flight

ESPITE the technological progress and many

potential applications for these aircraft,

there are various challenges to consider
with respect to regulations, certifications, infra-
structure, and air traffic management (figure 3).
While possibly daunting, none of these challenges
are insurmountable, and the aerospace and related
industries have navigated similarly complex chal-
lenges before—not least of which is the develop-
ment and deployment of commercial airplanes. The
key could be close collaboration between regulators
and private sector stakeholders across the extended
mobility ecosystem.

Regulations

From a regulation perspective, the Federal Avi-
ation Administration (FAA), its equivalent agencies
around the world, and other transportation-related
regulatory agencies have to weigh in on the re-
quirements for these piloted and autonomous pas-
senger drones: Is a pilot’s license required? What
airspace can they occupy? What are the vehicle air-
worthiness® requirements? There is some progress
as the FAA has already started discussing certifica-
tion options with some manufacturers and believes
that initially these vehicles should be manned, then

Figure 3. Considerations for commercial passenger drone development and adoption
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psychological barriers
related to flying in an
unmanned aircraft

R -

AIR TRAFFIC
MANAGEMENT

SAFETY

A flawless operational
and mechanical safety
record

A robust air traffic
management system
integrated with other
modes of transport

Source: Deloitte analysis.
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Regulations for pilotless
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need for a pilot’s license
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autonomously assisted, and then converted to a
fully autonomous aircraft at a later stage.” While
regulations related to piloted passenger drones
and flying cars could be relatively easy to address,
fully autonomous VTOL operations are likely to be
more challenging, with issues around how to allo-
cate the use of the airspace (lower altitudes to high-
er altitudes) considering the exponential growth
in piloted and autonomous vehicles utilizing the
airspace. Beyond the FAA, the US Department of
Transportation and other agencies will likely have
to consider autonomous cars; for now, regulatory
agencies would need to focus on issuing nonbind-
ing guidelines while avoiding binding regulation as
the technology is still in flux.

Currently, national and local regulatory authori-
ties are addressing regulations related to smaller
drones. For example, in the United States, the FAA
is considering extending commercial operations of
drones over controlled airspace beyond visual line of
sight. These advancements could be a starting point
for regulations related to passenger drones and fly-
ing cars, and, ultimately, for revolutionary vehicles.

Technology maturity

In terms of technology, there are various con-
siderations for VTOL manufacturers. First, in a
GPS-denied environment, these vehicles would
need on-board sensors such as radar, optics, and
geolocation sensors. While these technologies ex-
ist and are being utilized in autonomous cars, they
would have to be improved to provide the longer-
range sensing and recognition capabilities required
to deal with the multidirectional and convergence
speeds associated with autonomous flight. Second,
these vehicles would require advanced technologies,
such as artificial intelligence and cognitive systems,
to enable advanced detect-and-avoid capabilities.
Machine learning could be essential as operations
move from piloted to autonomous: A vehicle would
need to learn from the pilot’s actions over thou-
sands of operational hours to become fully autono-
mous over time. Third, energy management is cru-
cial: carrying an energy load sufficient to transport
passengers or cargo, maintain a safety margin, and
reload for the next flight. While battery technology

is rapidly improving, in order to increase passenger
and cargo capacity and extend the ranges of passen-
ger drones, it will need to improve further, or alter-
natives would need to be found.

Infrastructure

Infrastructure constraints include proper take-
off and landing zones, and parking and battery
charging stations. A wide network of vertiports
would require either new infrastructure or existing
infrastructure, such as helipads, rooftops of large
public buildings, and unused land, to be modified.
To create a truly unified traffic management system,
additional infrastructure may need to be installed
along predefined flight corridors to aid high-speed
data communications and geolocation. All these
infrastructure changes would require the collabora-
tion of commercial stakeholders and the local urban
planning authorities.

Air traffic management

There would have to be a robust air traffic man-
agement system in place to guarantee safe and ef-
ficient operations of passenger drones and flying
cars, which would meet the requirements of the
FAA and the European Aviation Safety Agency. To
achieve this, industry leaders and manufacturers
would likely need to reach an agreement on a reli-
able traffic management framework that integrates
with other modes of transport, especially in urban
areas. In the United States, there is already progress,
with Uber and NASA recently signing a Space Act
Agreement for traffic management of autonomous
vehicles that will fly at a low altitude.®

Safety

For the scaled adoption of passenger drones and
flying cars (particularly fully autonomous) to occur,
the operators of these vehicles would likely need to
demonstrate a near-flawless safety record, covering
both mechanical integrity as well as safe operations.
As we have seen with autonomous cars, any mishap




can garner significant attention and can slow the
pace of adoption.’* While achieving mechanical in-
tegrity would be easier, the operations of VTOL in
suburban and urban areas could pose unique chal-
lenges—some of which are described in the afore-
mentioned infrastructure section.

Psychological barriers

Apart from other considerations, people also
need to overcome any psychological barriers they
may have associated with the idea of flying in a pi-
lotless aircraft, since these vehicles are likely to be

Passenger drones and flying cars

autonomous eventually. According to a recent sur-
vey by UBS, a Swiss global financial services com-
pany, 54 percent of the respondents said they were
unlikely to take a pilotless flight.'s

Furthermore, for passenger drones and flying
cars to be widely accepted, they would likely have
to be both ubiquitous and as versatile as an auto-
mobile—people should be able to fly the vehicle to
a store or take it to the beach, and it should be able
to cover longer distances safely. Psychological bar-
riers can be overcome if manufacturers and regula-
tory authorities ensure these vehicles are as safe as
an aircraft, and the vehicles have well-documented
safety records.

DELIVERY DRONES COULD PAVE THE WAY FOR VTOL AIRCRAFT OPERATIONS

In 2013, Amazon hosted a 60-minute demonstration of its ambitious drone delivery program,
Amazon Prime Air. Four years later, the program is yet to take off on a commercial scale. However, a
drone delivering anything from your online shopping packages to medicines or even food may not
be such a far-fetched idea. Several other companies such as Google and Alibaba have since launched

their own R&D programs to make this a reality.

Over the past year, there have been various pilot programs featuring drones completing a successful
delivery. In June 2017, Amazon patented a beehive-structured tower to serve as a multilevel
fulfillment center from which its delivery drones can take off and land. Most of the drones for such
programs are designed to take off and land vertically to transport even fragile goods with care, with

a payload capacity of anywhere from 4 to 19 pounds.

However, there seem to be two key challenges slowing these drones from becoming a commercial
reality. First, electric motor efficiency and battery capacity still need significant improvement, as

the delivery radius of current technologies is only 10 miles from the warehouse. Since a company
can have only a limited number of warehouses, it appears that drone delivery, even if it becomes

a reality, for now may be limited to shorter distances—although companies such as Amazon and
UPS have started using delivery trucks to serve as mobile warehouses, from where drones can be
launched. UPS has already tested launching a drone from a delivery truck to distribute a package to

the destination.

Second, the FAA in the United States and similar government bodies in other countries currently
restrict drone usage due to a requirement for line-of-sight control, which means that a drone
operator must be able to see (if not control) the drone first-hand throughout an entire flight. This
safety requirement is focused on trying to avoid possible collisions with airplanes, power lines, and
people and property on the ground. While such regulations are expected to be eventually lifted, the
governments of some countries, such as China, have approved such drones.

As package delivery drones make their way to commercialization, passenger drones are expected to
follow a similar development path.'4
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Disrupting mobility—again

HILE widespread use of passenger drones
and flying cars is likely decades away,
their arrival could dramatically reshape
a mobility landscape that is already in transition.
And as we have seen in many other areas of disrup-
tive technology—from driverless cars to streaming
music to social media—being a “fast follower” can
put companies at a disadvantage. It is still likely
not too soon for businesses in multiple industries
to consider developing a strategy for mobility’s
third dimension.
So what opportunities for business does this cre-
ate, and what disruptions can we expect? Multiple
roles could potentially emerge:

Passenger drone and flying
car manufacturers

These companies will strive to design, build,
and scale the production of the VTOL aircraft. The
potential demand for these vehicles might “corre-
spond to about 100 times the yearly production of
Airbus Helicopters,” according to Jorg Miiller from
the Airbus Group’s corporate development depart-
ment.’> The key success factors for these compa-
nies could be technology maturity and integration
(as the basics of all the necessary technologies are
already available) as well as the ability to get the
aircraft designed and built, scale supply chain and
production capacity, and to get an aircraft certified.
These companies would derive their value through
the manufacturing, selling, and leasing of the ve-
hicles to a VTOL operator. Current trends include:

« Traditional aircraft, helicopter, and drone de-
sign and manufacturing companies are entering
this market. For example, Airbus, Boeing, and
Textron are all considering tapping into this
product opportunity, with Airbus already build-
ing prototypes and Textron teaming up with
Uber to develop electric vehicles.®

+ Automobile companies are utilizing their experi-
ence from the hybrid electric and autonomous
vehicle operations to enter this space. For exam-
ple, Toyota entered into the flying car market by
funding a start-up, Cartivator, which is develop-
ing a flying car named Sky Drive.?” Also, Volvo’s
parent company, Geely, acquired a flying car
start-up, Terrafugia, in November 2017.'

« New VTOL start-ups are coming up for the
express purpose of entering this market and
disrupting traditional aircraft and automobile
companies. Their method appears to be to cap-
ture and utilize existing capability and capac-
ity in the traditional automotive and helicopter
markets and new drone markets to produce
vehicles. For example, AirSpaceX is develop-
ing a VTOL passenger and cargo aircraft for the
urban market.

« Large technology companies are attempting to
utilize their balance sheet and general technol-
ogy capability to enter this market. For example,
Google funded a start-up, Kitty Hawk, which has
already unveiled its prototype of a VTOL aircraft
and has received approval from the FAA for the
vehicle to be flown in “uncongested areas.”°

Passenger drone
fleet operators

These companies would receive an on-demand
request for VTOL transportation and dispatch it to
the customer. It is unlikely that the rideshare model
of today (driver owning the vehicle) will extend to
elevated travel. Vehicles could be too expensive in
the near term for individuals to own, pilots may
need to be certified, and the maintenance and re-
pair required to maintain a flight-worthiness rating
would be extensive. The passenger drone operators
may have to provision the fleet either by owning or
leasing the vehicles, and be directly responsible for




the full set of operational requirements, much like
the on-demand executive jet market operates today.
While aerospace and technology companies have
been the most active, a variety of other players could
also try to cash in on the disruptive opportunities:

+ Ridesharing companies. There’s potential
for new entrants with these vehicles to gain a
foothold in the elevated travel space if they are
first to market with an approved vehicle solu-
tion. Scaling up and moving into the rideshar-
ing market in the air could also be another move.
Uber has already announced its intent to launch
a VTOL air taxi network by 2020 as part of its
flying car project, Uber Elevate.*'

« Rental car companies. These companies
could leverage their capabilities in customer
relationship management, payments, and fleet
operations and optimization to provide shared
VTOL fleets, essentially extending their ground-
based business model.

« Aircraft leasing companies. Companies
in this space, which own a significant portion
of today’s large passenger aircraft, could play
a similar role in financing and leasing smaller

Passenger drones and flying cars

passenger drones and flying cars to shared fleet
operators, with payments based on either flat
rates or usage.

« Executive jet operators. These companies
could leverage their existing wealthy client
base and aviation capabilities and move fur-
ther into the on-demand market, adopting a
luxury “planesharing” model that has proven
to be popular with bikes and cars. This could
be an effective entry point early in the market’s
development, in particular, when flying cars are
likely to still be quite expensive and economies
of scale modest.

Other roles in the broader mobility ecosystem
would also need to account for passenger drones.
Mobility managers that provide seamless trip plan-
ning, ticketing, and payments would need to incor-
porate yet another mode into their consumer inter-
face. Digital infrastructure would be key to ensuring
safe, secure, and reliable communications between
fleets of passenger aircraft. And we have already
discussed the need to develop and maintain the req-
uisite physical infrastructure.
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Moving to the skies

RBAN travel seems to become more difficult

every day. Drivers can spend between 50

and 100 hours per year stuck in traffic in the
most congested cities.?? In the United States alone,
the direct (fuel and time) and indirect (higher prices
of goods due to freight vehicles being delayed) costs
of congestion totaled nearly $300 billion in 2016.22
These challenges could be exacerbated by grow-
ing populations and rising urbanization over the
coming decades.

In many places, there simply is no more physi-
cal space to build new surface transportation infra-
structure, even if budgets allowed it. One potential
solution is to harness the power of data and analyt-
ics to better balance transportation supply and de-
mand, and increase efficiency. But another opportu-
nity is to look up—utilizing the airspace above urban
and suburban areas to move more people and goods.

While still nascent, this mode of travel repre-
sents a significant business opportunity for those
that can design, build, operate, maintain, and de-
liver passenger drones, flying cars, and related ser-
vices. It also affects other sectors:

« On-demand urban transport operators should
work with regulators to understand and drive
answers to key regulatory questions such as
airspace management, fully autonomous adop-
tion path, licensing and certification, and air
traffic management.

« Local communities and urban planners should
educate themselves with what infrastructure
requirements could be necessary in urban areas
to accommodate the operations of passenger
drones and begin to factor these into their city
planning processes.

« Passenger drone and flying car manufacturers
should consider refining their concepts, work
with regulators, and communicate their on-
board technology needs to and collaborate with
on-demand urban transport operators to estab-
lish a scaled market for their aircraft. Addition-
ally, manufacturers should begin planning for
the scaled production and aftermarket support
of the aircraft.

+ Drone technology providers should consider col-
laborating with the drone manufacturers to fully
understand their needs and integrate the tech-
nology—software, sensors, materials, motors,
and energy management—into the vehicles.

« Air traffic management system providers should
consider working with their respective national
air space management regulators (such as the
FAA in the United States) to participate in early
pilot programs, regulatory and standards forma-
tion, and hardware and software adaptation to
meet the high-volume, low-altitude, and fully
automated unified air traffic management sys-
tems of the future.

A decade ago, driverless cars seemed a little
more than a futurist’s vision. Today, nearly every
automaker and many major technology companies
are investing billions in their development, with
many predicting their widespread availability near
the turn of the decade. Likewise, flying cars may
today seem like science fiction. Where will we be a
decade from now?
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