Getting Ready for

Advanced Air Mobility

Essential steps for integrating aerial innovation into communities—
to connect more places, advance equitable transportation
solutions, and achieve timely delivery of vital services

A new era of transportation is dawning as advanced air mobility (AAM)
becomes part of mobility ecosystems. AAM represents the next generation of
aircraft innovation, bringing mobility options to communities for passenger,
air cargo, and emergency services. AAM is part of the approaching Fourth
Industrial Revolution characterized by the unprecedented speed and scope of
technological advancement, integration of technologies, and the transformative
impact these developments bring across industries and societies.

During the first two industrial revolutions, new technologies—steam and

electric power, respectively—transformed the means and capacity of production.

Today’s Fourth Industrial Revolution builds on the digital revolution that began
in the 1950s and is distinguished by a fusion of technological advances that is
blurring the lines between the physical, digital, and biological aspects of life.!
To be prepared and foster a community voice for effective implementation,
governments (all levels)—both urban and rural—should start planning for AAM
as part of broader metropolitan and regional mobility plans.

1 Klaus Schwab, “The Fourth Industrial Revolution: what it means, how to respond,” World Economic

Forum, January 14,2016
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A AM has the potential to connect more communities and bring industry to
diverse places through fast and sustainable mobility by air; it can also bring new
possibilities for e-commerce, parcel delivery, and essential emergency services.
Yet, if integration is not adequately planned within communities, AAM
implementation could face local backlash and give rise to issues as seen with on-
demand electric scooters. Globally, many cities were not prepared for the influx
of shared micromobility operations, thereby missing opportunities to take a
broader view of mobility and provide supportive infrastructure and productive
partnerships for positive long-term development. This lack of preparedness also
meant that many local authorities were unable to cope with the sheer volume of
e-bikes and e-scooters congesting sidewalks and roadsides.

Coordinated planning—encompassing mass transit authorities and transport
providers across modes, including rail and road—will help bring the best mix
of options to people and facilitate the integration of AAM services into local
combined offers through mobility-as-a-service (MaaS).

It will be important for local stakeholders—such as community members,
business owners, city and aeronautical planners, and surface and air
transportation officials, whether urban, suburban or rural—to be involved as
transportation options evolve; users of the systems must be engaged to assist in
shaping transportation landscapes.
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Overview

AAM will bring additional

mobility options to communities

for emergency, passenger, and air
cargo services. Air travel is already

a primary transport mode yet lacks
low-cost operations within a city and
for local regional service. AAM holds
promise to close these gaps thanks

to progress in propulsion systems,
automation, and digitalization. AAM
includes operations from new electric
and hybrid-electric aircraft that can
take off and land vertically (VTOL)
and new generational hybrid aircraft
that can perform short takeoffs and
landings (STOL) (Figure 1). The larger
aircraft carrying passengers will
initially be piloted, with plans for
fully autonomous flight to come in the
more-distant future.
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Figure 1 - electric and hybrid aircraft - from VTOL to STOL: Mission requirements drive aircraft performance.



The aim of urban air mobility (UAM),
a subset of AAM, is to provide a
wide range of services—intracity and
intercity—including on-demand air
taxis, air shuttles, cargo air vehicles,
and medical emergency services.?
UAM allows travel across cities with
ease from vertiport to vertiport,
assisting where it may be difficult

to build additional infrastructure

for roads or rail lines. Regional air
mobility (RAM), another subset,
includes operations from urban,
suburban and rural communities,
bringing aerial services to new areas
often excluded from commercial
aviation. Many of the local airports
that are forgotten or underused, can
serve as a strategic center for RAM
operations. These airports can provide
convenient options for commerce
and critical supplies using the
infrastructure already in place.?

Emergency Services
Air Medevac
Transportation for

Doctors and Staff
to Remote Clinics

AAM can be simplified further

into three categories of application
(Figure 2) and includes operations
from uncrewed aircraft systems*
(UAS), often referred to as drones, for
cargo delivery or emergency services.

Passenger Air Mobility

Passenger air mobility can be carried
out through UAM and RAM to
transport people across cities and
regions where current commercial
aviation is often cost-prohibitive and
not competitive with other modes of
transportation. For congested cities
and rural commutes, passenger air
mobility would utilize the skies with
a more rapid transportation option,
offering a safe lower-cost alternative
by using low-noise electric propulsion
solutions. Various operators around
the world have signed orders with
OEMs for over 6,000 advanced
passenger aircraft.’

il

Air Cargo

Air cargo connects people with food,
goods and medicine. Operations
enabled by AAM could include
parcels delivered by small UAS

to secure lockers or individual
residences, and food or other goods
such as medication dropped in

front of people’s doors. Instead of a
multiday timeline for delivery, orders
could be delivered in 30 minutes

or less and at one tenth the cost of
road travel.® Also, local air freight
transported between smaller airports
and toward larger cargo hubs could
be transported by advanced battery-
electric or hydrogen-electric aircraft.
Today, they are carried by small
turboprop or piston-engine aircraft
(also known as “feeders”).

Passenger Air Mobility
Urban Mobility

Regional Mobility

Air Cargo

Package Delivery

Medical Delivery

C
Fire, Search and
Rescue, and Other
Lifesaving Services
Figure 2 - AAM applications
Urban Air Mobility and Advanced Air Mobility, Federal Aviation Administration (FAA).

Regional Air Mobility, NASA.
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Operations for air cargo are already
occurring, and passenger air mobility
OEMs are aiming to start operations
in 2024. For instance, U.S.-based
UPS Flight Forward has ordered 150
eVTOL Beta Technologies Alia.

Emergency Services

AAM vehicles can be used for
emergency services. Electric VTOLs
could replace conventional helicopters
for most emergency medical service
missions. For this market segment,
over 1,000 orders for aerial vehicles
have been placed worldwide.® Also,
UAS can provide aerial support
where helicopters cannot go and
where conventional vehicles are not
performant due to congestion on the
ground. This includes air medevac to
transport critical patients or transfer
medical staff to clinics in remote
locations and using UAS to deliver
lifesaving devices or assist with
search and rescue or public safety.

Other Applications

AAM technologies and vehicles
can also be used for aerial work
(e.g., surveys, heavy load lifting),
law enforcement (e.g., air patrol,
reconnaissance), and military
operations (e.g., tactical projection).

7 ‘UPS Flight Forward adds

Benefits

In addition to bringing convenient,
rapid intercity and intracity travel,
AAM is forecasted to deliver a variety
of other positive impacts.

Lower Commerce Costs

E-commerce has increased following
the worldwide COVID-19 pandemic.
As lockdowns were implemented,
the need for goods still existed,

and many turned to e-commerce to
assist. With more people turning to
e-commerce, AAM air cargo may be a
way to further support an expanding
e-commerce market. Multiple trials
and commercial operations are
taking place in many regions globally
using UAS to deliver goods. With
remote working increasing, people
expect goods to be delivered, to

more efficiently manage their time.
E-commerce also decreases costs

for vendors, reducing the need for
expensive storefronts; e-commerce
businesses could also benefit from
lower delivery costs from UAS
package delivery.

Connect Communities, Provide
Accessible Transportation, and
Support Decarbonization

In terms of everyday lives, AAM will
bring more efficient travel, cutting
journey time down to minutes from
hours. AAM can connect more
communities, extending air travel

to areas currently not served or
underserved by aviation.

AAM can also enable transportation
to serve more people by offering an
accessible option for people with
limited mobility.

Transportation to family and friends
who may have been out of reach

from neighboring areas could become
viable with this new transportation
option. AAM can set in motion new
economic relationships through these
new physical connections. Likewise,
AAM can assist in bringing additional
services to remotely situated
Indigenous communities to help
empower growth and resilience.’

The power of AAM has already

been demonstrated in the medical
field—with drones delivering
vaccines and other medical supplies
to communities in need during the
COVID-19 pandemic. AAM offers
greater potential to deliver organs in
transplant scenarios and successfully
carry out rescue missions in remote
places. In addition to transporting
medical doctors and their staff to
remote locations and facilitating the
establishment of more clinic locations,
AAM could deliver needed medicines
after a virtual doctor visit. AAM

has the potential to improve access

to healthcare for regions known

as “medical deserts,” populations
currently without adequate care.

With climate-change impacts
increasing, AAM aircraft will help
fuel the shift to zero-emission
technologies—using electric and
hydrogen technologies to reduce
greenhouse gases—while providing
needed services. However, it is not
enough to fly zero-emission aircraft—
as part of a holistic approach to
decarbonization, flight operators will
need to procure low-carbon energy
and fuel or produce such energy

and fuel locally with low-carbon
technologies.

innovative new aircraft, enhancing capabilities and network sustainability,” UPS, April 7, 2021.

ments ¢

ty, Canadian Advancec

>f April 2022, including both firm and non-firm orders

Air Mobility Consortium, November 13, 2020



https://about.ups.com/ae/en/newsroom/press-releases/innovation-driven/ups-flight-forward-adds-new-aircraft.html
http://www.pnwer.org/uploads/2/3/2/9/23295822/economic_impact_assesment_-_caam_-_v1.0.pdf
https://www.wsp.com/en-GL/insights/greening-future-flight
https://www.wsp.com/en-GL/insights/greening-future-flight

From a sustainable transportation
planning standpoint, having
provisions flown directly to people’s
homes via electric small UAS could
reduce the number of delivery trips
to brick-and-mortar stores; this shift
would support sustainable transport
while bringing further efficiency to
the supply chain.

Revive Rural Areas and Small
Airports

AAM can help revive rural
communities and airports. For
example, in the United States, while
the interstate has brought many
benefits since its development in

the 1950s, it has caused economic
hardship for rural communities that
depended on the traffic that flowed
through their communities. Before
the interstate system, people driving
through on local highways were

the lifeblood of these communities.
Once the interstate came and the
routes no longer brought people into
communities, the rural towns slowly
dwindled economically.

Many rural communities in the
United States have suffered from a
lack of career opportunities, resulting
in generations moving away and
never returning. Fading small towns
have created a dilemma for those
who want to live in these areas
where their families have resided for
generations; meanwhile, other small
towns are reviving with an influx of
newcomers seeking a different way

10 The Future of

Airports:

of life, an improvement on the high
cost of living and long commutes
within dense metropolitan areas.’®
In both cases, regional air mobility
could create or improve connectivity
relative to rural communities with
affordable, high-speed, intra- and
inter-regional mobility.

At the same time, suburban areas

are growing in size, and some rural
areas around big cities are subject

to urbanization—they are taking

on urban characteristics. To avoid
causing congestion issues in the sky,
A AM should be integrated with other
transportation options, to play a part
in multimodal systems. As part of an
overall solution, AAM can augment
transport where other modes are

not sufficient, enabling people to
utilize the best option to meet their
transportation needs.

Open Up New Opportunities

Rural communities have the potential
to become destinations for AAM
aircraft, not only to bring local
populations to their destinations,

but also open new opportunities for
local businesses, delivering tourism
to lesser-served areas or offering

local products to new customers.

This is particularly true in regions

of the world where the ground
transportation infrastructure is either
not available, underdeveloped or
unsafe.

Revitalizing rural airports that are
less utilized can enable them to
become a meeting place, a center

of activity for the community as

well as a transportation hub to
connect people to other cities and
with other transport modes; these
airports could then bring needed
jobs to rural communities to improve
economies. In light of the global shift
to fossil-free fuels, the airports could
function as infrastructure assets for
electrification, serving as recharging
and refueling “stations” for the
community, increasing both airport
and community power resilience.

Furthermore, the scaling of
operations will support renewable
materials and composites for AAM
aircraft and bring opportunities for
new careers to support operations.

Overall, a new generation of aerial
vehicles can improve the quality

of life for many individuals in line
with United Nations Sustainability
Development Goals (SDGs), such as
fighting climate change, creating
resilient and inclusive infrastructure,
creating good-paying jobs, and
developing sustainable cities and
communities.

A Vision of 2040 and 2070, Topic No. 1: The World in 2040 and 2070, ENAC Alumni, April 2020.
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How to Prepare for AAM

There are a number of considerations for the airport sector and for local
planning authorities to consider as they seek to include AAM in their plans:

Community Engagement

For AAM to be successful, community engagement should be at the forefront of
implementation. It will be necessary to engage all local populations and help the
public understand what AAM is and what it is not. A good place to start would
be messages that discuss AAM representing the next generation of aviation
innovation that can help bring equitable solutions through cargo deliveries and
emergency services to those in need.

Original equipment manufacturers are promising lower costs for electric
aircraft relative to the conventional comparable alternative. However, the
question for communities will be how far this price reduction can go and
whether or not AAM passenger air mobility will ultimately be a game changer
for the wide travelling public or a high-speed but expensive mobility option that
middle-class households may use occasionally. The uncertainty around the cost
for users and the process to lower this cost over time should be communicated
clearly to the public. Also, the development of AAM should neither hinder
public transit services nor divert funding from affordable ground mobility,
including the vicinity of larger aviation facilities."

Also, it is essential to ensure one community is not inconvenienced by noise,'?
visual pollution, or limited access to AAM while another community fully
benefits from the technology. It is essential to learn from past approaches in
transportation planning and development and focus on the unique interests

of local communities, as well as place diversity and equity at the core of public
policies in planning. Engaging with the public to help shape decisions regarding
new technologies is in the community's best interest and helps drive innovative
solutions appropriate for each community.

Integrating AAM into local transportation planning conversations can facilitate
this process. It will also ensure that the emergence of such mobility is not
detrimental to other services, especially public transportation, and that these
efforts advance mobility for all.

Bridge Silos — organizational
and regulatory

It will be essential for aviation and
surface transportation organizations
that have traditionally worked
separately to bridge silos and work
together—to plan for AAM. There will
be many associated challenges, such
as regulations, policies, planning, and
even terminology. With variations
across sectors and industries, a
holistic perspective of cross-sector
challenges is necessary for AAM
integration. AAM expands the
mobility context and should inform
future collaborative discussions about
transport on local and regional levels.

Regulations are still adapting

to incorporate this nascent

industry. Airports have significant
opportunities as AAM emerges—to
consult, with supporting guidance
and tools, air carriers and other
flight operators as well as fixed-base
operators. Multiple emerging
technologies—including
electrification of aviation, connected
and automated vehicles (CAVs), and
shared mobility—will influence AAM
planning efforts toward delivering
equitable and sustainable solutions.
Understanding how to apply these
technologies in a broader transport
context will be essential for AAM
implementation to have the best
community impact.

Gaél Le Bris, “Way of the Future: Airports at the Horizon of 2040 and 2070,” TR News No. 331, January-February 2021, the National Academies of
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Incorporate AAM Into Wider Plans
- toward a low-carbon future

Efforts to reduce dependency on
carbon fuels are underway across
sectors. Still, many considerations
are required to prepare for a shift

to more sustainable solutions (e.g.,
electric or hydrogen alternatives).
When transitioning from fossil fuels,
a thorough knowledge of emerging
technologies that support transport
solutions and the complexities of
current and future capacity needs will
be necessary. Understanding current
infrastructure capacity and the
potential for innovative technologies
to generate power will be critical.
Airports will need to identify other
sources of revenue as aviation fuel
revenue declines with increases in
electricity and hydrogen utilization.
New sources of revenue could include
user fees for operations, such as
electrical charging fees, or revenue
generated from new tenants that
support AAM.

Globally, CAVs and AAM involve
many of the same needs in relation

to charging; co-locating charging
infrastructure may be necessary if
drastic infrastructure changes are
needed to support both technologies.
As efforts increase to reduce carbon
impact, funding and grants are
increasingly available, (e.g., in relation
to the Infrastructure Jobs and
Investment Act in the United States).
Understanding funding options

for private, public or public-private
partnerships will be essential to drive
efforts forward.

Prioritize Investments - within the new landscape of e-aircraft,
particularly eVTOL applications

AAM is expected to provide benefits but may initially be cost-prohibitive

for end-users of passenger air mobility and emergency services. However,

as operations scale, these costs are forecasted to be competitive with other
mobility solutions. For rural communities, a central charging hub that has

the capacity to support AAM vehicles and other electric vehicle needs could

be cost-efficient and supportive of a range of vendor services (e.g., food and
recreational) when infrastructure upgrades are necessary to facilitate the high
electrical demand of charging. As communities and airports plan to support
AAM, it will be necessary to complete an infrastructure study to have a picture
of the current infrastructure and its strengths and weaknesses, determine
steps to increase capability and determine where AAM will best fit into their
unique environment for highest efficiency. In the United States, such a study is
underway by WSP for the Utah State Division of Aeronautics and is expected
to be completed by the end of 2022.1% In general, it will be critical to understand
the potential demand for services, give thought to the possibilities AAM may
bring, and determine whether AAM is feasible at the current time.

As the world turns toward renewable energy, research and guidance reports are
evolving such as the recently released Airport Cooperative Research Program
(ACRP) Research Report 236 on electric aircraft and hydrogen technologies.”®
This report, with an associated toolkit, offers an introduction to the emerging
electric aircraft industry, gives estimates of potential market growth, and helps
airports estimate the potential impacts of electric aircraft on their facilities and
prepare to accommodate them. The report was developed for US Transportation
Research Board but can be applied globally. Additionally, the Washington State
Department of Transportation Electric Aircraft Study'® provides insight that can
be complementary to multiple efforts toward electrification at airports around
the world.

It will be essential to understand the appropriate locations for vertiports and
their impacts. Some considerations are noise profiles for the area, zoning,

land use, obstacles in the air or on the ground, power infrastructure, and a
support network for multimodal transportation options (e.g., shared mobility
services, rail, and bus). If on a parking garage, the vertiport will need structural
assessment, fire code, power, and means to support additional traffic for
operations. Another consideration is optimal geographical placement for first
mile/last mile transportation needs.

ts and needs for the full implementation of advanced air
tunities for expansion for an innovative, collaborative
hout adding pavement and lane miles
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Weather Considerations in Dense
Urban Areas

cities under visual meteorological
conditions. Individual skills and
adequate procedures have been key to
develop safe and efficient helicopter
operations in cities such as Sao Paulo,
in Brazil, which already has urban air
mobility features with over 400,000
annual helicopter operations over

the downtown area. As more aerial
solutions emerge, there will be a need

Understanding weather and air

flow around high-rise buildings is
imperative for VTOL safety in dense
urban areas. Today, helicopter pilots
rely primarily on visual information
as well as their experience and
knowledge of the local conditions
when conducting operations in large

AAM is an emerging technology with potential social, economic and
environmental benefits for communities around the world. Plans to
implement AAM may differ regionally and among communities. All AAM
plans will require extensive collaboration between multiple stakeholders
across transportation modes to shape mobility landscapes that enable
connected communities with equitable solutions. As AAM initiatives
advance, it is essential to plan early, effectively engage community
members, and determine where AAM can best benefit each community.
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to expand services to all-weather
operations, and it will be necessary to
have improved weather monitoring
and forecasting abilities to provide
reliable information to pilots and
uncrewed systems. Further research
on micro-weather climates created
from high-rise buildings and “urban
canyons” will also be required to
understand the impact on each vehicle
class. The weight and aerodynamic
characteristics of AAM aircraft will
differ from other aircraft and may be
affected uniquely by these dynamic
environments. Planning for weather
forecasting that supports the scaling
of operations for AAM will be
essential to help mitigate weather and
wind-related events.

Engage with all stakeholders

- Innovation in AAM is moving
rapidly

These small, quieter aircraft will
provide point-to-point, on-demand
services that could be combined with
ground mobility to form a door-to-
door, smartphone-based Mobility as

a Service (Maa$) offer. Including all
stakeholders—the public, regulatory
agencies (at all governmental levels),
metropolitan planning organizations,
and economic development agencies—
will be critical to support seamless
integration'® of an efficient AAM
system that meets the needs of every
community.

Gaél Le Bris, C.M., P.E.

Senior Aviation Planner
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United States
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