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EXECUTIVE SUMMARY

TheAlliance for System Safety of AB through Research Excellen@eSSURE) A36 research task
AA11L.UAS.76 Urban Air Mobility: Safety Standards, Aircraft Certification and Impact on Market
Feasibility and Growth Potenti@ls ai med to wunderstand the emerg
(UAM) environment by assessing and understating the markets, viability, economidbesnd
challenges. The research presentedhis document highlights the challenges and needs of the
Federal Aviation AdministrationHAA) to support safe integration and cdudle used as a tool to
assistdecisionmakers in the allocation of personnel and resources.

The A36 team consisted of the National Institute for Aviation Research (NIAR) at Wichita State
University (WSU), Mississippi State University (MSU), North Carol@tate University (NCSU),

and EmbryRiddle Aeronautical University (ERAU). The research task covered three major areas
of research presented in this document as three Working Packages (WP).

MSU and NCSU compl et edaluationef UAPMatkdt PdteatimlkEconamicl e d i
Feasibility, Potential Sizand Growth, Characteristiad Population,and Ground Infrastructure 0

The WP #1 tearforecasédthe demand for domestic UAM passenger matkettuding the airport

shuttle, air taxi, regional passengr@nsport, emergency medical service, and corporate shuttle use
cases.Using a Site Suitability Analysis framework, the top 100 Metropolitan Statistical Areas
(MSAs)were ranked and scoretlhe results of the site suitability analysisreused in conjunan

with a bass diffusion market penetration model to estimate how demand within these MSAs evolves
from the present through 204&n extensive literature review of over 100 journal articles, reports,
industry papers, and market resourageformed passenge mobility market milestones and
transition points.

The WP #1 research findingeemongrated that in 2045, approximatel85.4 million advanced
passenger mobilitirips will be madé Therefore, dokingat demandumulatively a total of 25.3
million trips are estimated to be made from 2@225. This equates to $:5billion in cumulative
revenue over that time period.

The WP #2 task titled AAIi rworthiness regul at
cert i f i c atinvestigétecuaréentmegdlatorydrameworks' applicabiliy UAM vehicles.

In addition, thisWP also aimed to investigate the classification of UAM vehicles in terms of
airworthiness and methods to estimate program development and certification costs for these
vehicles The WP #2 team consisted of personnel from NIAR.

The WP #2 team first studiedhe Vertical Takeoff and Landing(VTOL) market through a
comprehensive database frothe evtol.news/aircraftwebsite (updated inJune 2021 The
definition of a UAM vehicleasdefined by theNational Aeronautics and Space Administration
(NASA) UAM Noise Working Grouphelped refine the database to 212 relevant vehiojes
filtering out large numbers of nedAM vehicles. This study tracked a variety of parameters such

as vehiclearchitecture, maturity level, vehicle mission purpose, propulsion systenBecause

most 212 UAM vehicles are still in the design phase, a more focused study examined the top 10+
vehicles withthe highest possibilitpf enteringthe operation phase basenthe Advanced Air

1 For the purposes of this study, advanced passenger mobility trips are defined as trips Wextiedhyakeoff and
Landing (VTOL) aircraft that can hover, take off and land vertically without relying on a runway as well as Regional
Air Mobility (RAM) aircraftthat travel distances from ZD0 miles and employ sendr fully-autonomous technology.
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Mobility (AAM) Reality Index (ARI). The ARI scores in this subsequent study were last updated
in February2022.This top vehicle study gives a clearer picture of the Udlslrket In particular,

the analysis shogdthat vectored thrust vehicles are most likelpp&operational before 208ie

to the highest interest from ti@riginal Equipment Manufacture(OEMS).

The WP #2 team next investigated the applicability of the regulatory standards to UAM vehicles
focusngonElectric Vertical Takeoff and Landin@VTOL) and battery crashworthiness and noise.
Therequirementdn the regulatory framework of bothe European Union Aviatiosafety Agency
(EASA) and FAAare based on existing standarttee(majority are baseonPart 23 (C£3) and

Part 27 (C&7)). While the EASA has created a Special Condife6)document for requirements

and is currently working on the development of spedfeans of CompliancéMOCs), the FAA
implements the path described in @dde ofFederal RegulationCFR) §21.17(b).

Traditionally, crashworthiness requirements have been derived from statistical distribution studies
based on historical data from accidenfeese existing requirements might ragply to UAM
vehicles as written due to he vehicl esd novel architectures
Specifically, the definition of dynamic conditions will most likely need to change for UAM
vehicles. The WP #2 team recommendat tthe FAA ha a concrete definition of emergency
landing ©nditions perUAM operations. The WP #2 team identified thiaé battery drop test
requiremendf the EASA SCGVTOL was the only specific requiremethiat provided details ottne

loads expected during an emergency landifidhe team investigatedutomotivestandards for
batterieghat focusedn conditions applicable to emergency landing conditions such as crush and
mechanical shockThe team recommendscluding mechanical abuse tests for batteries in the
regulatory frameworkAdding a requirement for thealiery manufacturers to complyith an
existing standard would suffice.

The WP #2 team identified several limitations in the current set of noise regulaggrist CFR

Part 36 in their applicability to UAM vehicles. These limitations will need toddielressed by the

FAA to establish a generic set of certification requirements and procedurepphatcaa wide

class of UAM vehiclesFor example, limitedacoustic flight testing data suggests that UAM
vehicles that rely on Distributed Electric PropatsiDEP) may be significantly quieter compared

to traditional rotorcraft. Nevertheless, appropriate certification procedures and MOCs still need to
be developed for these vehicles to show compliance with Part 36 requirements. Soileedligh
recommendatios to amend Part 36 include tt)e addition of appendices to accommodate the
di fferent UAM architectures;-carpeexpandibhgonmnée
vehicles; 3) lowering the flightpath altitude for the certification flight tests in order to distinguish
the noise profileof the vehicle from the background ambient noise; and 4) including hover and
transition conditions in the certification requirementsdépth recommendations for modification

of Part 36 requirements and derivation of appropriate MOCs will require moustactesting of

UAM vehicles (both ground and flight) and dissemination of the acoustic test data to the
community.

Lastly, the WP #2 teannvestigated three existing tools designed for the aerospace indaoistry
evaluateUAM vehicle program developmemind certification costand evaluated the estimates
from two of the toolsNone of the models separated the co$tsertifying an aircraft from the cost

of developingt. However, longrange projections from the NASA Advanced Missions Cost Model
estimatée that costs to bring a UAM vehicle to market would be between $500 million and $2
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billion. More detailed and accurate estimates require significant data from the development cycle
of UAM vehicles that are successfully brought to market. Record keepitigsadata should be
encouraged by regulators to help build an understanding of this new aviation segment.

The WP #3 HEvaution df UAM irdegratiin on thBational Airspace Systerh Air

Traffic Controland Oper at i idemtBydheimpathe JAM om the National Airspace
System(NAS) with respectto Air Traffic Control (ATC), infrastructure and operationsvia the
introduction of common terms and definitions, research gaps that exist for a successful integration,
as well as certain assungts and limitations that are imposed on this research study. The WP #3
team consisted of personnel from ERAU.

The WP #3 teandeveloped a Daytona Beach International Airport (KDAB) airspace UAM
integration concept to model the airspace environmi#rluding UAM corridors, vertiport

locations, vertiport ingress/egress, operational limits (altitudes, velocities, etc.), and
Communication, Navigation, and Surveillance (CNS) requirements. The key thought behind this
UAM concept was to combine alreadyising airspace elements with the novel concepts of UAM
operations and environment. Simulation scenarios used for the purpose of this study attempted to
closely replicate the teamds vision on the ai
review, FAA guidance, and subject matter expertise.

The simulation environment leveragesR A U AirsTraffic Control Tower (ATCT) simulators.

KDAB served as the host environment for both ATCT and airspace environments for which
simulation scenarios with and withodAM are evaluated. The simulation environment simulates

a vertihub at KDAB and a vertiport at the parking garage near the downtown Daytona Beach
Boardwalk. Waypoints served as fixes between airspace corridors that establish route(s) between
KDAB, downtown Daytona, and ingress/egress points for UAM traffic coming to/from nearby
airports including Orlando International Airport (KMCO). The simulator allowed both simulated
manned and unmanned traffic to operate in the simulation environmiéht pseudepilots
controlling the aircraft and providing communications with the ATC participants. Participants are
assigned to serve in the Local Control (LC) or Ground Control (GC) positions within the ATCT.

The WP #3 tearselected two metrics to assess the impact oMk the NAS. Firstparticipants

completed the NASA Task Load Index (TLX) workload assessment survey after each scenario to
measure the impact on controller worklo&&cond, the team used an ATC performance assessment
sheet tailored from the grade sheets ed i n ERAU6s ATC | aboratory.
observations about the data, participant performance, etc. The Wilcoxon-&gnkdrest is used

to determine the statistical significance of score differences between thBAMMNvs. UAM
environment ad their positions, GGand LC.

In this report, the WP #3 team provides a detailed discussion regarding the ATC performance scores
for both LC and GC positions. In generakperimental results and analysis show a statistically
significant difference in AT performance for both GC and LC positions when comparing
operations with and without UAM present. Participants scored lower performance scores with
UAM present. FOIGC, mistakes made included failure to protect taxiing aircraft from overflying
UAM emergery, failure to issue runway crossing or notify LC once a crossing was complete, over
protection or under protection of the vertihub, issuing traffic for aircraft regatdAM aircraft

when not necessary, etc. The TLX survey did not show with statistgrafisance any difference
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between noflJAM vs. with UAM for both GC and LC. However, the team observed a statistically
significant difference between LC and GC. LC had a higher mean workload than GC.

According to the WP #3 teanoperational and proceduregquirements must leverage previous
work to enableUAS Traffic ManagementYTM) integration into the NAS UAM systenWith
increased air traffic, Providers of Service for UAM (PSUs) must coordinate traffic within the PSU
network and plan flight operationshile considering urban airspace congestion, the location of
nearby airspaces, weather restrictions, ATC coordination, and enabling greater use of automation.
The data must also be shared with UAM operators, PSUs, Unmanned Traffic Management Service
Supplies (USSs), the FAA, and other stakeholders. As UAM traffic density increases, ATC's roles
and responsibilities in addressing UAM systems must be reduced because it would impede ATC
performance by increasing workload. As a result, as with UTM, PSUs argathdleairspace
management responsibilities for UAM, with ATC and UAM coordinating for situational awareness
and handling ofhominal conditions.

From a CNS perspective, the requirements focus on providing new systems to meet the needs of
the future UAM paadigm. They are used as a starting point for developing cooperative and non
cooperative monitoring systems. To safely integrate UAM into shared or adjacent airspace with
nonUAM air traffic, the requirements of the UAM system must be considered so thait ¢hesft

remains within the available air volume designated according to a given flighsgiadule.
Therefore, the requirements of each CNS focus area should lead the way to an integrated
architecture that can meet the expected demand for integratigrito NAS.

A substantial amount of infrastructure must be built and installed to enable UAM operations, in
addition to theequired aircraft, procedures, and airspace plantiddv, UTM, and NAS general
infrastructure, as well as vertiports and corrid@eds, are among these infrastructure types.
addition, theimpact of infrastructure and infrastructure design on public acceptance, which
determines UAM traffic densityshould also be considerefio guarantee a safe UAM integration
into the NAS, the cordination of segregated and nsegregated airspace elements between UAM
and norRUAM air traffic needs to be addressed. Studies pointed out that combining UAM aircraft
with conventional aircraft in the same airspace is more effective than separatiné tloergrterm
solution is anticipated to combine all operations into a single conjoint system.

The safe integration of new entrants into the NAS represents a significant challenge. UAM is a new
opportunity for aviation that could revolutionize the transgitoh system. It is a challenging use

case for transporting cargo and passengers in an urban environment. This should include the
creation of standards or even a set of firm recommenddoorstandards. The FAA is dedicated

to developing the technical dmegulatory standards, policy guidance, and operational procedures
on which successful UAM integration depends. However, for future standardization, several
methods and recommendations that are widely employed in the aeronautics sector should be heavily
taken into consideration. It may take less time to build technological and regulatory standards if
academics and industry apply their financial and human resources to support crucial FAA efforts.
Together, all parties can successfully integrate UAM intoN& and use UAM and related
technologies for a societal advantage.
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1 INTRODUCTION

The vision to revolutionize mobility within metropolitan areas is a new frontier in aviation.
Supporting accessible air transport systems for passengers and cargo by wittkitinge Urban

Air Mobility (UAM) community to identify and address the opportunities and key challenges ahead
is an emerging role for thieederal Aviation AdministrationHAA). The UAM ecosystemand its
associated technologies are likalpong the mostaenplex aviatiorever encountereds the price

of traveling by air in cities becomes more affordable, demand is only expected to increase, with an
expected compound annual growth rate of 17.28% until 2085dor Intelligence, 2021)

To understand how the UAM environment could emerge and resparadtively,it is necessary

to beinformed by assessing and understating the markets, viability, economics, and challenges that
will arise. The research presentedthis documenhighlights thechallenges and needs of the FAA

to support safe integraticand could be used to assist decisiakers in allocatingersonnel and
resources.

In the FAA Modernization and Reform Act of 2012, Congress tasked the FAA with integrating
Unmanned Aircraft Sysms(UASS9) into theNational Airspace SysterfNAS). To comply with

the Congressional mandate, the FAA establishedAS rule (published within the Code of
Federal Regulations as 14 CFR Part 107), allowing SUAS to operate in the NAS. In its core
propositon and approach, the proposed research is "basic andstagly applied research” in
understanding UAM operations in the NAS. Designed as a-ghontresearch project, tipgimary
results will likely yield effective and "quantitative metrics" in evaingt(Mulvaney & Kratsios,
2017) as a trther step toward UAS integration into National Airspace System, or NAS.
Understanding the Yome and magnitude of UAM is essential in understanding safety implications
and in prioritizing the Agency resources together vihle timing of allocating these scarce
resourcesAccordingly, the research presentetthis document idesigned to captutae following
characteristics of the market potential together with the implications on resources:

1 Potential size and growth of the market at the local and/or national level;

1 Economic feasibilityincluding price points at which individual market becamwéble;

1 The anticipated cost to enter the market, considering factors such as vehicle acquisition and
life cycle, operation liability, maintenance and replacemamd upgrade schedules;

1 Customer segments (e.gegular business commuters, ad hoc travelers, etc.) for UAM
viability;

1 Characteristics of population density, traffic patterns including congestion, affordability,
and preferred locations;

1 Competition for UAM transportation or services (edriverless ars and multmodal
transportation options, edemand ridéhailing services, virtual presence, etc.), providing
cost comparisons where applicatded

1 Ground infrastructure requirements, legal and management strategies consistent with the
envisioned UAM n@&wvork, and connectivity to other transportation modalities as needed for
efficient, "doorto-door" travel and unplanned landing sites.

Furthermore, as part of the Part 107 rulemaking effort, the FAA seldetéddnerican Society for
Testing and MaterialfASTM) to establish a set of standards for airworthiness, maintenande
operation in support of Part 107. Understanding safety requirements for UAM, drawing upon the
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lessons learned from Part 107, will require understanding barriers for additionaldkeorathe
NAS. While some of the existing constraints have been documénigaphavong et al., 2018)
detailed analyses are presently unavailal@ed implicationsfor UAM emergence and its
penetration areinclear. This research addresses some of fthrelanmental questions about how

UAM:

T
T

E ]

May imposeademand on additional ATC infrastructumecluding airspace and workload
on controllers?

May requirea new paradigm to integrate with UTM and/éir Traffic Management
(ATM)?

May imposeademand on regulatomequirementsincluding standards for airworthiness,
certifications for design, maintenan@nd operations for vehiclevel and systentevel
safety and security?

Will economically scale to higdemand operations with minimal fixed costs? and

Will support user flexibility anddecisionmaking including demands emanating from
emerging UTM?

To answer these questions, the research is organitethmree working packages. Each of these
working packagedindings and conclusions are presented througBectons 2 and 4:

)l
1

WP 1(Section2): Evaluation of UAM Market Potential: econoni@asibility, potential size
and growth, characteristics of population, and ground infrastructure.

WP 2 (Section 3): Airworthiness regulations antheir applicability to UAM aircraft
certification.

WP 3(Sectiond): Evaluation of UAM integration on the National Aerospace Sys$téir
Traffic Control and Operations.
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2 EVALUATION OF UAM MA RKET POTENTIAL: ECON OMIC
FEASIBILITY, POTENTI AL SIZE AND GROWTH,
CHARACTERISTICS OF POPULATION, AND GROUND
INFRASTRUCTURE

2.1 Research Context

The vision to revolutionize mobility within metropolitan areas and beyond is one of the new
frontiers in modern aviation. Building on the successeée@Beyond Program initiated dugithe
Integration Pilot Program (IPP), aviators are paving the feayUncrewedAir Cargo (UAC),
followed eventually by uerewedpassenger transport. A continuous role for the Federal Aviation
Administration (FAA) will be the engagement with the aviatiomenunity to identify and address

the key differences between areawed and crewed operations, opportunities, and challenges
underlying this development. The passenger transportation network ecosystem and its associated
technologies are likely to be amongetimost complex aviation endeavors the aviation community
has experienced, and the opportunities to facilitate the full integration ofeWed Aircraft
Systems (UAS) into the National Airspace System (NAS) are monumental. As the FAA requires
further undersanding of this environment to analyze the differences as they compare to traditional
crewedair transportation and air cargo, these analyses will enhance dewialong for future

policy development. This research will highlight the anticipated nedtie 81AA to support further
integration of UAS in air transportation and air cargo operations in metropolitan areas across the
US, including suburbs and exurbs.

The A36 research team conducted a literature review, market an&ysiSuitability Analysis

(SSA), and bass diffusion modeling to explore advanced passenger mobibitythe purposes of

this study, advanced passenger mobility consists of the movement of passengers with vertical
takeoff and landing (VTOL) or Regional Air Mobility (RAM) aircraéind includeghe airport
shuttle, air taxiregional air travel (500 miles) emergency medical service, and corporate shuttle
use cases.

Through the literature review, important aspectsAofvancedAir Mobility (AAM) such as
economic drivers, technology advancement, and the overall societal acceptance of this new aviation
paradigm are explored. Building from the literature review, the market andigsissses passenger
mobility market segments, favorable market coods, costs to enter these markets, competition

for advanced passenger mobilitgrgices, enabling infrastructure, and the effect of the global
COVID-19 pandemic on market conditiotditimately, the analysis presents forecasts of advanced
passenger mobili market demand from the present day through 2045 by collating market research,
economic growth trajectories, and developing defensible market projections for advanced
passenger mobility market segments.

2.2 Market Analysis

2.2.1 Market Characteristics and Viabity

Advanced passenger mobility will undergo several stages of transition within the next few decades
bringing opportunities for travel that will shape our everyday lives. According to a Deloitte Insights
market study (Hussain and Silver, 2021), the adoptfcadvanced mobility services is expected to
occur over six phases, as showrFigure2.1. These phases will correspond with the transition
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from piloted to fully-autonomous vehicles and the spread of UAM flight services from a few
concentrated cities to multiple locations throughout the US.

Phase 1i Certification, Testing and Evaluation

First, the industry will undergo a certification, testing, and evaluation phase. Passenger services are
firmly progressing within this stage with over a dozen Original Equipment Manufacturers (OEMSs)
vying for Entry Into Service (EIS) dates as early as 2@85hown ifFigure2.2. During this phase,
numerous organizations will have gone beyond the research and development stage to undergo
testing and pilahg. Aircraft prototypes will be deployed as the industry prepares for the launch of
UAM passenger services.

Scale of UAM Operations

Operations in
multiple cities
with full
automation

Operations in a
few cities with
advanced

automation

Operations in a
few cities with
advanced
automation
Operations in a
few cities with
limited automation

Initial
Deployment

Certification, testin
and evaluation

Y T N S A . S-S S VR N VS A W S-S
P DDA DD DD D D X
A7 AR ADT AR ADT AR AR ADT AR AR ADT AR ADT AR ADT ADT AT ADT AR ADT 4D A

Figure2.1. Advanced Passenger Mobility Growth Paradigfussain and Silwe 2021)
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Figure2.2. OEMs and Their Associated Entry Into Service D&8MG Consulting2022).
Phase 2 Initial Deployment

The UAM industry will witness the launch of lessmplex commercial operations in a few cities
around the world within the next few years. In the US, those cities are anticipated to be New York
with the emergence of Blade flight services, Los Angeles thi¢hinitiation of Archer, Orlando

with Lilium taking flight from the Lake Nona Aerotropolis, and Miami with Archer services
planned for takeoff (SMG Consulting, 2021). Joby also plans to launch within the next few years
in California, among other global drdomestic markets (Joby, 2022). During this phase, it is
anticipated that continuous regulatory engagement will be essential to ensure both a swift and safe
transition from piloted to unpiloted services in the years to follow.

Phase 3 Operations in a lew Cities with Limited Automation

New infrastructure investments and lessons learned from phases one and two will create a pathway
for less complex commercial operations to occur in a few cities by 2028 (Hussain and Silver, 2021).
It is anticipated that #hlaunch cities discussed in Phase 2 will begin to see AAM services that offer
limited automation. Additionally, other locations in the US will prepare for advanced passenger
mobility services. In later phases of AAM development, limited automation arikttion to more
advanced and then fulgutonomous applications.

Phase 4 Operations in a Few Cities with Advanced Automation

During Phase 4, passenger operations with moderate complexity will emerge. It is anticipated that
new passenger service laungtes will come online, while other sites will enter into their final
stages of market readiness. Probable locations for additional UAM passenger service launch sites
include the locations being evaluated as part of the National Aeronautics and Space
Administ r ati onds ( ComBunidysAnnexs Teamsuchf as Minneapolis, Dallas,
Columbus, and Boston (NASA, 2021a).
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Phase 5 Operations in Multiple Cities with Advanced Automation

As 2040 approaches, commercial deployment with advanced automatioretdezkjn multiple
urban, suburban, and rural areas (Hussain and Silver, 2021). By this phasdustey will have
found solutions to some fundamental issues (e.g., collision avoidance systebwaradnsensors,
and cognitive systemsomplexitywith auomated flight processesll have gradually increass
enabling advanced passenger mobilitgplicationsto move into rural suburban and urban
environments with large populations, obstructions, and traffic density.

Phase 6 Operations in Multiple Cities with Full Automation

In the final phase of market development, it is anticipated that the commercial deployment of UAM
passenger services will be widespread and will have achieved full automation. It is anticipated that
passenger service providers will expand into new locatath favorable market conditions. These
conditions include high levels of economic activity, the prevalence of vertiports or enabling
infrastructure, surface transportation that is highly congested and could be alleviated by UAM
alternatives, as well agher siteselection criteria. An idepth discussion of the favorable market
conditions that would attract AAM passenger services can be found on6page s Tamget i
Markets and Suitable Market Condition®

2.2.2 Market Overview and Submarkets
Advanced air mobility will revolutionize
the way people travel to work, hospitals, on
and other key destinations. Passenger Demand
services could have faeaching eanomic Air Taxj
consequences, including altering housing|  37:84%
and business locations due to newly
available and fast transportati¢fRothfeld

et al., 2020)The emergence of new
advanced passenger mobility technologie
will also bring about a variety of new Emergency
services irfive distinct market segments, Services

including airport shuttles, regional air _ 12.75% |
mobility, on demand air taxis, corporate ~ Flgure2.3. Market Segments (UAM Geomatics, 20:

Corporate
Campus
11.53%

Airport
Shuttle
10.86%

Regional
Transport,
27.02%

campus shuttles, and emergency services.

As the VTOL advanced passenger mobility markets mature, it is anticipated that on demand air
taxi andRAM services will have the highest total passenger revenues (UAM Geomatics, 2022).
These two market segments will net approximately-tiwals of advanced passenger mobility
market revenue while airport shuttles, corporate campus shuttles, and emergécey sell
generate the remaining third, as seeRigure2.3.
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2.2.2.1 Urban Air Mobility (UAM) Applications

2.2.2.1.1 Airport Shuttle
It is anticipatel that airport shuttles, whic

will transport people to and from airports .
will become the entry poinfor UAM &
passenger market activiti¢&oyal et al., R &

2021) Airports generate a rafively @

predictable demand for transportatiq swe™ 5

services to and from their terminals, ar / @
they often contain essential groun e ol K
infrastructure components that enab
UAM passenger services. Blade current
offers traditional helicopter charter service
that canect people from John F. Kenne
International Airport (JFK) and Newark
Airport (EWR) to select locations in
Manhattan for $195 (Blade, 2022). It is anticipated that Blade will transition into a UAM paradigm

for its services as soon as 2024 (SMG Congyilti921).

g

Figure2.4. Airport Shuttle Concept (Blade, 2022).

Airport shuttles are anticipated to be an invaluable transportation option for domestic and global
business travelers who fly into commercial airports and very quickly need to reach nearby
destinations for business appointments. Similarly, airmtuttles are expected to provide
transportation services to leisure travelers seeking fast and reliable transportation. As the UAM
passenger market matures, it is expected that the airport shuttle market segment will generate
approximatelyll percentof he i ndu s {(UAW Gesomatiesy2622)u e

2.2.2.1.2 Air Taxi

In a fully mature paradigm, air taxis are envisioned to dfieusands of people autonomawrs
semiautonomous air mobility services a daily basisn major cities(Hill et al., 2020). Air taxis

will likely involve a combination of ground transportation ridesharing and air transport. According
to Crown Consulting Inc. et al. (2018), air taxis will evolve to provide doafoor ridesharing
services that allow consumers to call Vertical Takeoff anddiregs (VTOLS) to their desired
pickup locations and specify drayf destinations at rooftops throughout a given city.

During its June 3, 2021, Analyst Day presentation, Joby Aviation demonstrated examples of what
an initial air taxi concept would lookkle in California, as shown in Figure 24 trip from Santa
Monica Airport (SMO) to Burbank Airport (BUR) would take an estimated 10 minutes, compared
to 39 minutes of drive time. As new ground infrastructure (vertiports, vertifds,future
adaptationf helipads with fueling and charging) is constructed, additional flight paths would
become available, creating air transportation services that dramatically improve travel times.
Eventually, a network of small, electric aircraft that take off and lamntically would enable rapid,
reliable transportation between suburbs, cities, and within cities (UAM Geomatics, 2021).
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Air taxi services are expected t e}
. . — ‘ Santa Monica to Burbank in 10 Minutes
provide enhanced transportatio P ©+ Departure:SMO
. . |  Arrival: BUR
services to a wide range o e |+ Drive Time: 30 minutes
. . . / + Flight Time: 10 minutes
customers including daily| '

commuters, holiday travelers, an /
tourists, among other individuals /
As the UAM passenger market /
matures, it is expected that the o
taxi market segment will generat
approximately 38 percent of the
i ndust ry 6making étvite Figure2.5. Initial Air Taxi Concept (Joby, 2021).

largest passenger market segm&®AM Geomatics, 2022).

2.2.2.1.3 Corporate Campus Shuttle

Business aviation is a global US$100 billion per year industry, and lsssitireraft enable

businesses to transport their vital company assets, including key executives, employees, and
products (UAM Geomatics, 2021). Corporate shuttle services will likely compliment a
corporationds aviation fl edtaldredgleal pys alona etct
staff to business meetings or other locations in the city center. These corporate shuttles are

expected to be electric or hybrid aircraft capable of VTOL.

As the UAM passenger market matures, it is expected that therate campus shuttle market
segment wil |l generate approximately 12 percent
2022).

2.2.2.2 Regional Air Mobility

RAM is a relatively new concept for air transportation that seeks to capitalize on the vast network
of airpats that dot the landscape of thkS. RAM is an air mobility paradigm that offers the
potential for smaller airports to serve as transportation nodes, offering more frequent flights of
moderate distances in lighter, cedfective aircraft RAM is anticipded to take advantage of
aircraft that are uniquelgutfitted foroperations within smaller communities, filling in a nidchat
goesbeyondmore conventional commuter aircrd®AM aircraft are anticipated to carry passengers
between 50 and 500 miles, geate less noise, handle steep climb/descent profiles, and operate
from short runways (eventually vertiports) within smaller communities (NASA, BORAM
Geomatics 2021).

RAM is likely to revolutionize travel in megaregions, which have large urban cethizr attract

people for business or leisure. Lilium has developed initial concepts of RAM that it is exploring for
future operations in California and the Northeast with flight ranges up to 186 miles, as shown in
Figure2.6. As the AAM passenger market matures, it is expected that the RAM market segment
will generate approxi mately 27 percent of the
passenger market segment (UAM Geomatics, 2G22).

2 For the purposes of this study, the RAM market segment inchideaft that travel distances from-500 milesand
employ semior fully-autonomous technologyhis definition was used to forecast demand for the RAM use case.
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Figure2.6. Initial Regional Air Mobility Concepts (Lilium, 2022)

2.2.2.3 Emergency Services

Traditional Medevac flights are expensive with average cosipmoximately $25,000 per flight
(UAM Geomatics, 2021). By comparison, a UAM alternative could reduce healthcare system
costs by millions of dollars annually (UAM Geomatics, 2021). As the UAM passenger market
matures, it is anticipated that the emergeseywices market segment will generate approxinjatel
13 percent of t (MWAMGeanthics, POR3).6 s r evenue

2.2.2.4 Summary

In the near future, it is expected that major metro areas will witness the rise in airport shuttle
services and that the domestic mank@t transition into regional air mobility, emergency, and
corporate campus shuttle services shortly thereafter. As ground infrastructure becomes more
widespread, it will enhance the viability of air taxis, which will likely emerge thereatfter.

This sedbn has given an overview of the various UAM and RAM submarkets that have projected
growth over the next few decadeMarketSegmen@tion an al )
Analysi® on 4 age

2.2.3 Costs to Enter the Market

A variety of technological advancements and industry investments in electrification, automation,
VTOL aircraft, UAS, and air traffic management are enabling innovations in aviation, such as new
aircraft designs, services, and business models (Goyal et al., 2021). These advancements are
allowing the creation of an entirely new UAM passengearketplaceAs with any technological
advancement, the cost of service will directly impact utilization, or user demand.

The impact of price on UAM VTOL demand can be evidenced in study findings from Rimjha et al.
(2021). The research demonstrates that a user codt pérdmile would generate approximately
42,140 daily roundrips in Northern California; however, a cost increase of just 20 cerisifeer

would reduce demand in the region by 34 percent. Thus, having a thorough understanding of UAM
passenger vehicle litgcle costs (vehicle acquisition, operations, maintenance, replacement, and
upgrades) and other advanced passenger mobility cost structures is an invaluable component of
demand modeling.
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2.2.3.1 Lifecycle Costs
Vehicle Acquisition

Joby Aviation projects that itsiecraft will cog it $1.3 million apiece to build and thatvenue
earning aircraft purchased2026 willrecoup capitatostshy 2028 (Bogaisky, 2021). This payback
estimate is based on thesumption thatobywill operate its aircratin average of 4flights a day,

seven days a week, with an average of 2.3 passengers perdirghtan average distance of 26
miles (Bogaisky, 2021; Head, 2021a). Though Joby projections may be highly ambitious, they offer
a datapoint to better ascertain AAM passengeakatdifecycle costs.

Esqué and Riedel (2022) offer another guidepost for vehicle acquisition costs. They reviewed AAM
industry orders received for approximat@yB50 aircraft worth a total estimated value of $26.1
billion. This equates to an averagjecraft purchase price of approximately $3.8 milliondoewed

and uncrewed AAM aircraft.

As part of an ongoing ASSURE research project led by the National Institute for Aviation Research
(NIAR) at Wichita State University, a database was developed dbw@iains VTOL aircraft
specifications. This database is utilized in the market analysis and demand estimation sections of
this document and is subsequently referred to as the NIAR VTOL datdlbesdatabase contains
vehicle purchase prices for 21 VTOLUsat will serve the AAM passenger market. Findings have
been extracted and included Trable 2.1. It is anticipated that the aforementioned ASSURE
research project will be completed in the Fall of 2022.

Table2.1. VTOL Purchase Pricédoundin thePublic Domain(NIAR, ongoing)

OEM Mission Purpose Vehicle Cost ($millions)

Archer Air Taxi $5,000,000
Joby Air Taxi $1,300,000
Ehang Air Taxi $336,000
Samad Aerospace Regional $10,000,000
XTI Regional $6,500,000
ASX Air Taxi $1,000,000
Astro Aerospace Personal Air Vehicle $150,000
LIFT Aircraft Personal Air Vehicle $500,000
Flutr Motors Air Taxi $200,000
Daymak Avvenir Personal Air Vehicle $250,000
Doroni Personal Air Vehicle $150,000
Lilium Regional $4,500,000
Moog Air Taxi $200,000
Vickers Aircraft Company Personal Air Vehicle $180,000
EAC (Electric Aircraft Concept) Air Taxi $200,000
DelLorean Aerospace Personal Air Vehicle $275,000
Autonomous Flight Air Taxi $27,000
Horizon Aircraft Air Taxi $3,500,000
Transcend Air Regional $3,500,000
Scienex Air Taxi $200,000
HorizonHelicopters Air Taxi $1,000,000

Source:National Institute for Aviation Research (NIAR) at Wichita State Univera@®2 | ASSURE Project A86roject ongoing)
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Operations, Maintenance, Replacement, and Upgrades

Battery lifespans and their associated costs will have a P”CF Per Passlengelr Mile Cost
notable influence on advanced passenger mobility market Anaysis| Goyal etal. 2021
viability. In 2019, Uber Elevate (before being acquired by The itjthors ?nélllyzed nirtgpes  of
Joby Aviation) estimated that an amortized battery cost for arcall o A ir?cIIEuMd operator
electric Vertical Takedfand Landing (eVTOL) air taxis of T il a g

H H oaxial rotoo a aesign wi
$76 to $90 per flight hour, which would equate to $194,000 rotors mounted one above the

to $230,000 annually (Head, 2021a). Battery costs are other (e.g., GoFly)
anticipated to decrease substantially through advancements

in research and development. For example, on i@cta9, il L = D) ELEEEI Wit e
. . . . independent thrusters for cruise
2020, Joby Aviation filed a patent application for a battery and lift (e.g., Aurora Flight
thermal management system, which would offer Scienes).
improvements in battery life through the use ofaling o _
. L. . . 1 Tiltwingd an aircraft that uses
system, a reservoir, a denization filter, a battery charger, a wing that is horizontal for
and a controlle(US Patent & Trademark Office, 2020) conventional forwardlight and
rotates up foTOL (e.g., A3
There are sever al ot her COmMmpvar@Nt s geyond an

battery that should be considered when evaluating OEM _
lifecycle costs. As part of their efforts in a seminal market T compound NETSTHL: /e

| . X esign with a helicopter rotor
study, theUrban Air Mobility Market Studysubmitted to like system and one or more
NASA in 2018, and as part of a follewp article in the conventional propellers to
Sustainability Journal Goyal et al. (2021) thoroughly E:Si‘;'i‘:lzfﬁfl?é’;‘tr?etgr”Ztoi“g;;‘g
document thevarious cost componentthat should be o
evaluated as OEMs consider market entry. Their work 1 Tiltrotord an aircraft type that

provides a detailed accoumg of the various costs to enter generates ift and propulsion by
way of one or morgowered

the AAM passenger market. Their cost analysis involved an rotors mounted on rotating
in-depth evaluation ofine different aircraft types using engine pods or nacelles (e.g.,
electric, hybrid, and JetA powertrains, shoimthe blue Jelsyy wEie),

callout box to the right. The analysis also olwed a T T
literature review and consultation with a strategic advisory more than two rotors (e.g.,

group that led to an assessment of more than 70 aircraft Ehang and Volocopter).
designs and performance characteristics. Aircraft cost Autogyro-a type of rotorcraft,
specifications were calculated on a{geat basis and were which use an unpowered rotor

extrapolated foaircraft with more than one seat. in free autorotation 1o develop
lift (e.g., Carter).

Goyal et al. (2021) assessed AAM passengarket costs

by taking the sum of direct operating costs and indirect T Conventional helicoptéra

type of rotorcraft in which lift

operating costs. Direct operating costs include tegpi and thrust are supplied bytors
energy, Dbattery, crew, maintenance, insurance, (e.g., Robinson R22)
infrastructure, and route costs, whereas indirect operating

. . . . Tilt ductd an eVTOL in which
costs include marketing and reservation costs. By using a propeller is inside a duct to

these cost components, the authors developed a pricing increase thrust (e.g., Lilium
model to calculate the price that would be needed to charge L

passengers to generate affgfrmargin of 1630 percent. The

authors used costplus profit pricing strategy and assumed
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that OEMs would be subjected to taxes and fees, comparable toataki§ransport Network
a sdarehnop Goyahej al.t o Ar
(2021) is used to demonstrate the costs OEMs face to enter the market. Based on their assumptions,

Companies (TNCs) .

it is estimated that a fiveeat eVTOL will cost approximatey6.25 per passenger mile in the near

term, as shown imable2.2.

nstead

of

Table2.2. OperatingCost per Passenger Mil&gyal et al. (202)).

Aircraft 2-seat 3-seat 4-seat 5-seat
Multirotor $19.25 $14.00 $12.00 $11.00
Tilt Duct $10.00 $7.50 $6.50 $5.50
Tilt Rotor $10.25 $8.00 $7.25 $6.25
Tilt Wing $9.75 $7.25 $5.50 $4.90
Lift and Cruise $9.90 $7.50 $6.00 $5.10
Compound Helicopter $9.25 $6.45 $4.80 $4.75

Average $11.40 $8.45 $7.00 $6.25

2.2.4 Ground Infrastructure Requirements
AAM infrastructure not only encompasses physical ground infrastructure for the vehicles (
example vertiportsandvertistops), butlsorequires the means for traffic management based on

digital technology and telecommunications (Fadhil, 2018). Tdkand landing, air traffic control,

charging, parking, maintenanc@nd other facilities are widely accepted as foundational

components ofite AAM infrastructure networkBooz Allen Hamilton 2018; CAAM, 2020;
Roland Berger, 2018; Porsche Consulting, n.d.).

Dedicated infrastructure will be required for the AAM passenger market to grow over time, and it

is anticipated thaafter appropriate mafication existing heliports (and airports) will play a vital
role during the early stages of AAM adoptidhhis is largely due to the wide availability of existing

infrastructure, the precedent of helicopters successfully navigating urban environmmhts, a

constraints related to affordable or available land indtighsity locations (FAA, 2020; Nicklafs et
al., 2020;Black and Veatch, 2019s of February 202Ghereweremore than 5,800 heliports in
the US; however, only a small fraction (approximatelpetcent)was available for public use

(Salas, 2021). As the AAM industry evolves, it will require a concerted effort to remediate publicly
accessible heliports, construct new vertiports, and create a robust network of vertiports with electric
charging caabilities that meet thE A A0 s

verti

port

.engi

neer.|i

ng

gui

Initial AAM markets will use existing ground infrastructure and primarily serve airport shuttle use
cases (Mayor and Anderson, 2019). This will involve transporting passengersioaiified

existing heliports to an airport (or vice versa). For AAM growth to expand to highly sautgint
passenger markets, new vertiport infrastructure will be required.

2.2.4.1 GeographicCoverage Requirementf Vertiports Over Time
A vertiport is a landing pad that enables VTOL operations to toloetn or liftoff of the ground
safely. Vertiports may serve as origin, destination, or layover points for charging or refueling.
According to the European Union Aviation Safety Agency (EASIA)s likely that vertiport
infrastructure will vary in size and quantity among different cities depending on expected travel

volumes (EASA, 2021).
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Similar to the hub and spoke model used by the airline industry, it is anticipated that UAM will rely
on core and feeder vertiports (Rimjha et al., 2021). Core vertiports will exist in dense employment
areas, or household locations with a higti@maverage income level, while feeder vertiports will
provide service in lowedemand areas (Rimjha et al., 202The efficacy of UAM passenger
networks will depend on a minimum level of vertiport infrastructure to support the basic needs of
those commuting in the urban core or surrounding exurbs (FAA, 2022c).

In large, dense, higincome urban areas, approximatdl0-18 vertiports (460 landing pads)
would be required to facilitate a UAM passenger network (EASA, 2021). This equates to
approximately one landing pad for every 46,000 individuals living in these large, dense, urban
areas’ Meanwhile, medium, less de®, moderate income, urban/suburban areas would reguire 7
21 vertiports (2045 landing pads; EASA, 2021), which equates to one landing pad for every 21,500
individuals living in medium, less dense urban aredertiport, landing pad, population, and city
characteristics are summarizedliable2.3.

Table2.3. Vertiport Estimates of European Cities for InitNetwork Efficacy(EASA, 2021).

Estimated Estimated 1 Pad per No. of
Vertiports Landing Pads individuals

European City Characteristics Population

Large, dense, higlncome urban city,
e.g., Paris, Berlin, Madrid, Hamburg, 1.4-3.4million 10to 18 40-60 46,000

Vienna, Barcelona

Medium, less dense, medium income,
urban/ suburban city, Sevilla, Lisbon, 0.5-0.8 million 7to21 20-45 21,500
Dusseldorf, Riga, Athens

Source: EASA 2021

Table2.4. Estimate of Vertiport Requirements by Geography and Time Period
Vertiports Required

Region Time Period Low Estimate H High Estimate
Large, dense, higlncome city Nearto-Mid Term 10 18
EASA (2021) ) - - -
Mediumsize and incomdess dense Nearto-Mid Term 7 21
Rimjha et al. (2021) Northern California Mid-to-Long Term 75 200
Washington, DC Mid-to-Long Term | 10 distributed hubs with 33 vertiport
Hasan (2019) Large Metropolitan Statistical Areay Mid-to-Long Term 100 300
us Mid-to-Long Term 2,500 3,500
UAM Geomaitics (2021) | Worldwide Mid-to-Long Term 3,060 vertiports

Sources: EASA, 2021; Rimjha et al., 2021; Hasan, 208M Geomatics, 2021

Vertiport estimates given by EASA (2021) and showrTable 2.3 represent the infrastructure
requirements for European cities to sustain an AAM passenger market in the mearterm. As

the AAM passenger market grows and evolves, it is anticipated that a larger concentration of
vertiports will be required. Findings from AAM research demonstrate that an estima8&iD 75
vertiports will be required per metropolitan statistiaegda (Hasan, 2019; Rimjha et al., 2021) and

3Derived from EASA, 2021. Estimates were calculated by taking the average from the range of values provided.
4See footnote above.
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approximately 2,504,500 total vertiports will be needed to establish a madtlA® passenger
network (Hasan, 2019; UAM Geomatics, 202able2.4 summarizes these vertiport estimates.

Using the information provided iable 2.3 and Table2.4, as well as studies containing AAM
market projection’s an estimate of vertiport requirements by MSAswneveloped. Vertiport
requirements for evolving, mature, and lyuldeveloped markets are shown irable 2.5.
Additionally, the table includes the number of small public airports and heliports within each
metropolitan statistical area to demonstrate existing infrastructure that could potentially be
leveraged for vertiport development.

New York, Los Angeles, Orlando, Miami, and their respective metropolitan areas are anticipated
to operate as the first four launch sitesAAM passenger services in the US, beginning flights as
early as 2024 (SMG Consulting, 2021). These nascent markets will then likely be joined by a
multitude of other markets. According to market research, approximately 60 metropolitan locations
have leen cited as potential markets for UAM passenger 8Bightaan et al., 2020; UAM
Geomatics, 2021; Booz Allen Hamilton, 2018; Mayor and Anderson, 2019; Joby, 2021; Lilium,
2021). Across the US, it is projected that approximately 2,500 to 3,500 vertipors veorequired

to meet the needs of evolving and mature UAM markets, respectively (Hasan, 2019). Though this
requisite level of vertiport infrastructure seems daunting, there are a substantial number of existing
sites that could potentially be retrofittéa support UAM passenger networks. For example, if all
existing heliport and small public airport sites shown in the UAM marketBabvle 2.5 were
retrofitted and used, approximately 69.5 percent of the infrastructure needs of these markets would
be metin a fully developed UAM network scenario.

5 AAM passenger markets were identified using SMG Coimgl2021; Haan et al., 2020; UAM Geomatics, 2021;
Booz Allen Hamilton, 2018; Mayor and Anderson, 2019; Joby, 2021, Lilium, 2021
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Table2.5. Estimated Vertiport Sites Required for Evolving, Mature, and Fully Developed AAM Networks by MSA.
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New YorkNewarkJersey City, NNJPA 19,216,182 | x X X X X X 16 | 196 | 212 | 254 | 356 | 418
Los Angelesong BeaclAnaheim, CA 13,214,799 | x X X X X X 10 | 193 | 203 | 175 | 245 | 287
WashingtorArlington-Alexandria, D&/AMD-WV 6,280,487 X X X X X X 9 58 67 83 | 116 | 137
Miami-Fort Lauderdald?ompano Beach, FL 6,166,488 | x X X X X X 11 65 76 82 | 114 | 134
DallasFort Worth-Arlington, TX 7,573,136 X X X X X 24 | 136 | 160 | 100 | 140 | 165
HoustonThe WoodlandsSugar Land, TX 7,066,141 X X X X X 10 | 166 | 176 94 | 131 | 154
San Francise@aklandBerkeley, CA 4,731,803 X X X X X 7 20 27 63 88 | 103
ChicageNapervilleElgin, IHN-WI 9,458,539 X X X X 17 | 110 | 127 | 125 | 175 | 206
PhiladelphiaCamdenWilmington, PANJDEMD 6,102,434 X X X X 10 | 136 | 146 81 | 113 | 133
BostonCambridgeNewton, MANH 4,873,019 X X X X 8 | 102 | 110 65 90 | 106
OrlandoeKissimmeeSanford, FL 2,608,147 | x X X X 4| 32| 36 35 48 57
Atlanta-Sandy Spring8lpharetta, GA 6,020,364 X X X 18 68 | 86 80 | 112 | 131
PhoenixMesaChandler, AZ 4,948,203 X X X 19 72 91 66 92 | 108
DenverAuroraLakewood, CO 2,967,239 X X X 3| 53 56 39 55 65
DetroitWarrenDearborn, Ml 4,319,629 X X 11| 48| 59 57 80 94
MinneapolisSt. PauBloomington, MNWI 3,640,043 X X 18 25| 43 48 67 79
Baltimore ColumbiaTowson, MD 2,800,053 X X 4| 30| 34 37 52 61
CharlotteConcordGastonia, NGC 2,636,883 X X 10| 23| 33 35 49 57
PortlandVancouveiHillsboro, ORVA 2,492,412 X X 9| 33| 42 33 46 54
Las VegasiendersonParadise, NV 2,266,715 X X 9 16 25 30 42 49
Cincinnati, OFK¥IN 2,221,208 X X 9| 35| 44 29 41 48
ClevelaneElyria, OH 2,048,449 X X 7 37 44 27 38 45
NashvilleDavidsor-Murfreesboro-Franklin, TN 1,934,317 X X 10 16 26 26 36 42
Virginia BeactNorfolk-Newport News, VANC 1,768,901 X X 4| 26| 30 23 33 38
RaleighCary, NC 1,390,785 X X 2 8 10 18 26 30
New OrleandMetairie, LA 1,270,530 X X 4 46 50 17 24 28
Salt Lake City, UT 1,232,696 X X 3 25 28 16 23 27
Hartford-East HartforeMiddletown, CT 1,204,877 X X 2| 30| 32 16 22 26
Columbus, GAL 321,048 X X 2 4 6 11 15 18
SeattleTacomaBellevue, WA 3,979,845 X 13 70 | 83 53 74 87
San DiegeChula VisteCarlsbad, CA 3,338,330 X 11 20| 31 44 62 73
TampasSt. Petersburglearwater, FL 3,194,831 X 7 27| 34 42 59 69
St. Louis, MAL 2,803,228 X 9| 51| 60 37 52 61
SacramenteRosevilleFolsom, CA 2,363,730 X 14| 14 | 28 31 44 51
Pittsburgh, PA 2,317,600 X 8 52 60 31 43 50
Kansas City, MBS 2,157,990 X 12 32 44 29 40 47
IndianapolisCarmelAnderson, IN 2,074,537 X 9 36 45 27 38 45

Sources: US Census Bureau, 2019; SMG Consulting, 2021; CURAM, 2020; UAM Geomatics, 2021; KPMG, 2029; Joby, 2021; LilESRRZR1
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San Jos&unnyvaleéSanta Clara, CA 1,990,660 X 5 7 12 26 37 43
ProvidenceWarwick, RIMA 1,624,578 X 8 21 29 22 30 35
MilwaukeeWaukesha, WI 1,575,179 X 4 14 18 21 29 34
Jacksonville, FL 1,559,514 X 6 19 25 21 29 34
Oklahoma City, OK 1,408,950 X 11 23 34 19 26 31
Louisville/Jefferson County, KM 1,265,108 X 3 15 18 17 23 28
Grand Rapid&entwood, Ml 1,077,370 X 7 4 11 14 20 23
Urban Honolulu, HI 974,563 X 2 9 11 28 39 45
AlbanySchenectadyiroy, NY 880,381 X 2 9 11 25 35 41
New HaverMilford, CT 854,757 X 3 12 15 24 34 40
Allentown-BethlehemEaston, PANJ 844,052 X & 39 42 24 33 39
DaytonKettering, OH 807,611 X 4 7 11 23 32 38
GreensboreHigh Point, NC 771,851 X 2 2 4 22 31 36
Akron, OH 703,479 X 3 12 15 20 28 33
PoughkeepsidNewburghMiddletown, NY 679,158 X 3 23 26 19 27 32
Syracuse, NY 648,593 X 2 6 8 18 26 30
Toledo, OH 641,816 X 8 16 24 18 25 30
Wichita, KS 640,218 X 7 7 14 18 25 30
HarrisburgCarlisle, PA 577,941 X 18 18 16 23 27
Scranton-WilkesBarre, PA 553,885 X 2 19 21 16 22 26
Reno, NV 475,642 X B 5 8 16 23 26
Atlantic CityHammonton, NJ 263,670 X 2 11 13 9 12 15
Greenville, NC 180,742 X 1 2 3 6 9 10
Totals fromldentified Markets 176,005,336| 4 | 40 | 37 | 10 | 12 | 8 14 | 444 | 2,411 | 2,855 | 2,500 | 3,500 | 4,105

Sources: US Census Bureau, 2019; SMG Consulting, 2021; CURAM, 2020; UAM Geomatics, 2021; KPMG, 2029; Joby, 2021; LilESRRER1
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Figure2.7. Vertiports and Passenger Demand in Northern California (Rimjha et al. 2021).

Vertiports will play a critical role in supporting AAM passenger market demand. The more
locations that exist for VTOL opations, the greater the convenience of AAM passenger transport,
and the greater the likelihood of user adoption. A commuter demand analysis by Rimjha et al.
(2021) assesses the importance of vertiports in roupddaily UAM passenger flight. The
analysisassumes a user cost of $1.80 per mile in North California. Within this region, if 50
vertiports were to exist, daily UAM demand would reach 9,105 ratipdiights. However, if
vertiport investment were to increase so that 400 vertiports would exiseiregion, demand
would nearly double. An estimated 17,405 daily round trips would result, as sh&igune2.7.

Though outside the scope of thisearch, it is important to consider whether the public or private
sector would internalize the capital costs associated with vertiport construction. As a point of
comparison, automobile travel is made possible through extensive road networks that ailg primar
constructed and maintained through public investments or ppiliatepartnerships generated

by motor fuels taxes, sales taxes, tolls, general fund appropriations, or bonds, among other revenue
sources. The approaches used to fund vertiports and AAdbling infrastructure will have a
notable effect on market adoption rates. The recent proposal for the Advanced Aviation
Infrastructure Modernization Act, which passed the US House of Representatives on June 14,
2022, provides starting poinfor addresing howto fundvertiports(eVTOL, 2022).

2.2.4.2 Vertiport Site Specifications

Inthe US, itis expected that the average vertiport would be capable of accommodinteig8es

at one time and expected to range from 24,000 to 50,000 square feet (Hasariy&Q@ipdrts will

include landing areas and additional space that will enable passengers to embark, disembark, and
allow vehicle fueling, charging, or battery swap (Hasan, 2019; Black and Veatch, 2019).
Considering the high volume of vehicle landings anhestructure, it is anticipated that a vertiport

will have a useful life of 120 years (Hasan, 2019).
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At-grade takeoff and landing areas will likely be the most common vertiport treatment
implemented during the shetb mediumterm. These treatmentsaminvolve retrofitting regional
airports and helipads, which would require relatively minimal structural analysis compared to the
installation of a new agrade vertiport structure (Black and Veatch, 2019).

Rooftops and other elevated taladf or landingareas may also serve as important locations for
vertiports. Highrise buildings with existing helipads have great potential to serve as vertiports, as
they already have much of the necessary existing infrastructure to support AAM services. These
buildings as well as the top of parking garagesuld potentially be retrofittetb support eVTOL
operationsThe types of vertiport infrastructure and their associated costs are shboaliei2.6.

Black and Veatch (2019) conducted an industige investigation to understand battery and
charging technologies for eVTOLs. While eVTOLSs currently in development are estimated to be
able tocharge at a maximum of 350kW, it is expected that eVTOL vertiport infrastructure should
possess the capacity to utilize 600kW chargers (Black and Veatch, 2019). This will futureproof
the design of the infrastructure required, as renovation of a sitergasecits individual charger
capacity would effectively require fudlite demolition and reconstruction (Black and Veatch, 2019).

Talde 2.6. Vertiport Infrastructure and Associated Costs (Black and Veatch)201

Description Estimated Cost (2022 USD)
Ground landing site without charging stations 3 Landing Pads, 0 Charger $397,000
Existing rooftop landing site with charging station install 1 Landing Pad, 1 Charger $1,002,000
Existing parking garageith charging stations 3 Landing Pads, 3 Charger $2,128,000
Ground landing site with central charging station only 3 Landing Pads, 1 Charger $2,903,000
Ground landing site with charging stations 3 Landing Pads, 3 Charger $2,983,000

*Estimated cost values have been adjusted from 2018 to 2022 dollars

2.2.5 Competition for UAM Passenger Services

Emerging UAM technologies have the potential to disrupt several sectors, but these sectors also
have strongexisting competitors. UAM services arexpected to enter the markets for short
journeys (as air taxis), trips to and from airports, regional air travel, and ambulance services,
However, in all of these use cases, the new entrants will face entrenched incumbents, some of
which have significant@vantages in certain parameters. Moreover, other emerging technologies,
such as grounthased Autonomous Vehicles (AVs), may concurrently enter the market, further
heightening the competition AAM services will face. Finally, there is a small but substantsst

of passengers that is resistant to any of the emerging technologies and that will continue to prefer
to take traditional modes (Garrost al, 2020). These travelers will be among the last to adopt
UAM travel if they do so at all.

One of the mospromising use cases for emerging UAM technologies is as an air taxi service in
congested urban areas. Although a potentially large market, it is also a market with many
competitors that are already being used to make trips of similar distance and frequency
Widespread alternatives to air taxdbeady exist in the forms of personal automobiles, public
transportation systems, and ridearing/taxis/TNC services. The most formidable competitors of
the existing modes of transport are showrrigure 2.8, which demonstrates hypothetical price
points and travel times that would likely enable Joby services to become viable. In addition to
these traditional compieors, a UAM air taxi service could face notable competition from other
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emerging technologies such as grodraged AVs, which are poised to offer a service with many
(though not all) of the same benefits at a lower cost.

To compete with these alternatsy@n air taxi service must offer derdoor travel time savings.

While eVTOL aircraft may operate at speeds between 100 mph to 150 mph in urban areas, time
spent within the UAM vehicle is not the only component that needs to be considered. A passenger
will need to travel to the vertiport, potentially wait for a vehicle or other passengers, board the
eVTOL vehicle, travel in the vehicle, alight at the destination, exit the vertiport, and travel to his
or her final destination. Studies in a diverse rarfgeetiings have consistently found that potential
market share for UAM service is sensitive to access and egress times to and from the vertiport, as
well as time spent waiting for, boarding, and disembarking the aircraft (Kreimer et al., 2016;
Swadesir& Bil, 2019; Garrow,et al, 2020; Bulusu et al., 2021). Many conceptions of air taxi
services envision vehicles in urban cores departing and arriving from buildings or parking structure
rooftops (see, e.g., Boddupadi al, 2018); it is likely that simplyhe time spent by passengers
beginning or ending their journeys at these facilities in reaching the vertiport from ground level
will be substantial. Given these time costs, many passengers making short journeys would save no
time at all by choosing to usm air taxi (and therefore presumably would not choose to do so);

time savings are generally only possible with journey distances of 15 kdad%etersor more
(Roland Berger, 2018).

Theoretical Trip Alternatives by Mode and Cost

Pooled Rideshare (53 I 72 min

Rideshare (572) [ eomin

Joby ($90) [INEG_— B 315
0 10 20 30 40 50 60 70 80
Personal Vehicle . Pooled Rideshare
Joby ($90) (Cost to Operate) Rideshare ($72) ($39)
m Minutes by Car 10 60 69 72
H Minutes Waiting 15 0 0 0
Minutes by Aircraft 14 0 0 0
Minutes Waiting 1 0 0 0
m Minutes Walking 5 0 0 0

Figure2.8. Example Mode Choice Scenario Presented to Joby Survey Parti¢ipzbys2021).

The COVID-19 pandemic, too, may have shifted the competitive landscape for air taxi services.
Garro, Roy, and Newman (2020) have found thdivikluals are less likely to choose to travel in

an air taxi (as well as in an AV) thatskaredwith strangers, and this is especially true of younger
people. However, the survey data underlying this and other research into sharing vehicles was
conductedore-pandemic, and it is not yet clear how attitudes to sharing a vehicle have changed in
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light of new norms and attitudes surrounding public health. A further shift in public attitudes away
from sharing vehicles may necessitate future air taxi serviogdans tomovetowards offering

more expensive private services and fewer shared services and therefore may further shrink the
size of the potential market for UAM. Unclear, too, is how pa@demic has shiftedhgterm

travel patterns, especially for taicommutes. It is, of course, possible that the disruption to
commuter travel patterns due to the pandemic will prove to be an aberration and that past patterns
will return; however, even a modest change in the number of-ihtgime, long-distance
commutes could cause significant complications for the business plans of future UAM operators.
Higherincome commuters who live far from their workplaces and value the ability to complete
other tasks whildravelingto and from work have been considered a camapraphic for
designing UAM air taxi services; these individuals, however, are among the most likely to have
jobs that are welsuited to hybrid or fully remote work arrangements and, living so far from their
traditional workplaces, are among those whailddbenefit the most from such arrangements.
Conversely, there may be a large increase in the number ointdgme, hybrid workers who will

wish to live further from their workplace while also benefiting from, and being willing to pay for,

a faster trip ia air taxi for those times when they do need to go to the office.

2.2.5.1 Private Automobiles

The most obvious competition for an air mobility service is private automobile travel, by far the
dominant form of transportation for journeys to and from work in the TU& market for
automobiles in the US is saturated with an estimated 290 million registered vehicles in 2021
(Hedges & Company, 2022). Al though the car ma
that vehicle ownership is often restrictive for kamcome households. According to the Bureau of
Transportation Statistics (2011puseholds with an annual income of less than $25,000 are almost
nine times as likely to be a zewehicle household than households with incomes greater than
$25,000 Turnovertimes for the vehicle fleet are long: the average age of vehicle use in the US is
12.1 years (Ferris, 2021). As both a cause and a consequence of this, the North American built
environment has been shaped in a way that significantly favors travel byn@easgtomobile,

giving this mode a large fixemhfrastructure advantage. While air taxi users may face significant
access and egress timesvelingto and from vertiports, the overwhelming majority of origins and
destinations in the US have vehicle pagkneadily available, ofteatno or a low cost. Further, as
Bulusu et al. (2021) point out, by choosing to take an air taxi, a commutdoseilthe flexibility

to travel between destinations by car after (and possibly before) his or her eVTOL jourhesy(Bu

et al., 2021); in many American cities, the inability to easily access locations other than the initial
destination could prove to be a significant drawback to using an air taxi. Further, even considering
the total cost of ownership, private automebikare likely to remain considerably cheaper in the
long term. Booz Allen Hamilton predicts that air taxi journeys are likely to cost $6.25/mile at first,
with the potential to decrease to $3.75/mile in the long term (Reiche et al., 2018). By contrast, the
average ownership cost, including all expenses, for a car driven 10,000 miles per year is $0.83/mile
and for a car driven 15,000 miles per year is $0.64/mile (AAA, 2021); the average car or light
truck travels 11,500 miles per year (AFDC, 2020).

2.2.5.2 Ridesharing/Taxis/TNCs

Il nterest in air taxi services is higher among
and Lyft (Boddupallli et al., 2020). However, ridesharing already has a broad, established user
base: in focus groups conducted in Washing@C, and Los Angeles, 60 percent of respondents
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mentioned ridesharing services as a preferred travel mode favordtrips (Reiche et al., 2018).

The premium these respondents were willing to pay for an air taxi, however, varied, with some
willing to pay only 10 to 20 percent more while others were willing to pay larger premia, such as
$2540 per trip (Reiche et al., 2018). Before selling its eVTOL development unit to Joby Aviation,
Uber estimated that, considering travel times, operating expensespasslons, air taxi fares
would ultimately be competitive with its traditional groubdsedide-hailing service (Holden &

Goel, 2016).

2.2.5.3 Other modes of transportation

Because of the distances involved and rider demographics, air taxis are unlikely toecompet
directly with traditional bus services. However, at intermediate distances, air taxis may compete
with urban heavy rail transit systems and commuter rail systems for some journeys in the metro
areas where these systems exist.

2.2.5.4 Air ambulance services

Urban air mobility aircraft are also being considered fair ambulance services. UAM is
envisioned to be a potential competitooth to traditional air ambulance services and ground
ambulance services. However, an analysis by Booz Allen Hamilton fouridUh& air
ambulances would have similar costs to existing reteing (i.e., helicopters)and fixedwing
providers, in part due to high ngoiot staffing requirements, and would have much higher costs
than ground ambulances (Reiche et al., 20Bjmately, the analysis concluded that UAM
ambulance services will struggle to compete with fixedg air ambulances due to the range
requirements required and with ground ambulances due to much higher cost.

Legislative changes also introduce new revensleto the US air ambulance sector that was not
accounted for in previous analyses. Air ambulance services are provided only rarely, and their
clients are highly inelastic. Not coincidentally, their operators are rareigtimork participating
providerswith commercial insurance plans, and so over tugarters of their patients are billed

on an owof-networkbasis(Fuse Brown et al., 2020). Air ambulance services arepasempted

from state and local price regulation by the Airline Deregulation(Rase Brown et al., 2020).

With the ability to set charges free of state and local regulation, with little incentive to participate
in insurer contracts, and with a customer base thatitti@ choice about using its services, the
median standard chargetdy a rotarywing air ambulance provider is 5.3 times the Medicare
billing rate, an unusually high ratio (Bai et al., 2019). These lucrative aspebtsaf ambulance
market have also made it attractive to private equity firmso®R&ed poviders conlled over 60
percent of the rotarwing market for Medicare patients in 2017, and their standard charges are
67.5 percent higher than those of fmublicly or PEowned providers (Adleet al, 2020).
However, these lucrative aspeatsihvestors also &tacted attention from Congress, ialinpassed

the ANoO Surprises Acto as part of theAsoécond ¢
January 1, 2022he law will force insurers and air ambulance providers to engage in binding, final
of f er sdbats t yilbead ) ar bet dl,r2021)i Aomong 6tiAed faceors, arbitrators are
specifically instructed to consider existingnetwork rates, the market share of the provider and
insurer, and the type of vehicle used (Adbéeral 2021). Existing stte arbitration systems tied to
in-network rates do not tend to be especifdlyorableto providers (Adleret al 2021), and the
explicit instruction to consider vehicle type and market concentration may also be damaging to
existing air ambulance provideseeking to use AAM vehicles. A mitigating factor working in
favor of providers is that the existing-imetwork rates for air ambulance services are inflated by
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the leverage that providers hitherto held over insurers and patients (Fuse Brown et al., 2021)
Overall, however, air ambulance providers will likely experience a negative impact on revenue

compared to the status quo, and this may further damage the prospects of AAM air ambulance
services.

2.2.6 COVID-19 Related Impacts on UAM Passenger Markets

The COVID-19 pandemic caused the global economy to contract by 3.5 percent in 2020, making
it the deepest global recession since the end of World Wardyati and Filippini 2021).
Industrial production, manufacturing, and world trade volumes all decreasednsialigtauring

2020, and supply chain disruptions and talent shortages are cited as the top risks to company
growth in 2021 and 2022 (McKinsey & Company, 2021a,b).

The global pandemic has had an unprecedented impact on all industries with notable setbacks
research and development for advanced air mobility (Santha, 2020). This can be attributed to the
substantial setbacks experienced by d@kv@tion industry, which contracted an estimated $84
billion in 2020 (Santha, 2020).irfg&e most of the majaxdvaned passenger mobilifylayers are
directly or indirectly related to the aviation sector, the pandemic has had a ripple efferg on th
sector (Mordor Intelligence, 2021)

Prior to the onset of the pandemic and in the first few months of 2020 alone, dviéiodlwas
invested in advanced air mobility, with Toyota leading a $590 million investment in Joby and
EHang undergoing its IPO at $650 million (Santha, 2020). However, with the onset of the COVID
19 pandemic, advanced passenger mobility experiendeglckst Before being acquired by Joby,
Uber Elevate disclosed that remote working has impacted the ability of their vehicle partners to
conduct research and development activities (Santha, 2020). Additionally, labor and supply chain
disruptions were notedybEHang as hampering overseas development (Santha, 2020). Core
perceptions shaped by the COVID pandemic, and their duration, are difficult to fully
understand, but could potentially affect the willingness of consumers to travel in confined spaces,
suchas an eVTOL.

TheCOVID19 pandemic has al so fundamentally chang:t
to the pandemic, less than six percent of Americans worked primarily from home; however, in

May 2020, more than ort@ird of employed Americans woekl from home (Coate, 2021). If the

work from home trend continues, surface level peak congestion periods may ease. Though
beneficial for vehicular travel, congestion reduction may have a negative impact on the AAM
market.

The revenue impacts of the pandemran be witnessed through changes in market forecasts made
before and during the global pandemic. For example, UAM Geomatics released a series of three
market forecasts for UAM passenger flight services in the US in 2019, 2020, and 2021, which had
notabk differences in projections from one year next, as showilihe2.7 andFigure2.9. US
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advancedhassengemobility cumulative revenue forecadts the year 2045%vere revised from
$155.6billion to $130.9 billion-a reduction of 18.8 perceht

Table2.7. Revenue Forecast8efore & During the Pandemic (UAM Geomati@91932021).

Cumulative Revenue

SY2019 SY2020 SY2021 % Change
(SY20185Y2021)
2022 $1,543,200,000 $614,400,000 $169,500,000 810.4%
2025 $15,851,000,000 $7,167,600,000 $2,974,000,000 433.0%
2030 $34,143,500,000 $24,460,200,000 $19,453,400,000 75.5%
2035 $59,580,800,000, $47,427,700,000 $42,709,700,000 39.5%
2040 $93,225,600,000 $83,139,800,000 $77,470,000,000 20.3%
2045 $155,600,700,000 $143,758,200,000 $130,980,000,000 18.8%

*SY is an abbreviation fatudy year

Cumulative Market Revenue (§USD Billions)
$180.0

§160.0
§140.0
§120.0
§100.0

$80.0

$60.0 -

2022 2025 2030 2033 2040 2045

B UAM Geomatics (2019) B UAM Geomatics (2020) UAM Geomatics (2021)

Figure2.9. Revenue Forecast8efore & During the Pandemic (UAM Geomatics, 2A®1)

6 The ASSURE A41/A42 research team analy&tity revenue estimates available on the UAM Geomatics online
dashboard. Revenwestimates were available for year 2021. Revenue estimates were then fitted to previous study
years by comparing global revenue estimates in 2021 to global estimates in study years 2020 and 2019. Global revenue
estimates from all study years could then beduto chain US market share in 2021 (identified in the 2021 UAM
Geomatics online dashboard) to estimates of US market share in study years 2020 and 2019.
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Among study release years, shtetm differences in cumulative revenue projections were the

most prominent. Cumulative revenue forecasts for the year 2022 declined by 810 percent from
study year 2019 to 2021 and forecasts for the year 2025 fell by 488npeirhough a direct
explanation was not provided by the study authors for their amended projections, substantial
economic setbacks resulting from the pandemic
anticipated advances in the industry andgbstpandemic reality. According to the study authors,
several essential advances would need to occur to enable UAM development, as cited below:

The next decade (202D30) will be critical to the design, launch and acceptance of
the UAM Industry. Durindhis decade, standards for safety, security, interoperability,
UATM architecture, and noise will become cruéial his decade will provide a proving
ground for aircraft manufacturers to refine and certify an array of eVTOLSs including
all-battery, hybrid eletric and hydrogen cell based designs.

Some of the critical path components for UAM advancement have been halted or notably delayed
due to the onset of the pandemic. This especially includes the acceptance of the UAM industry. A
survey by thdnternationalAir Transport AssociatioflATA, 2020) found thathe willingness to

travel by air will be significantly decreaseuthe near futur@ue to safety and social distancing
precautions. Though this survey was intended for traditional air travel, its firati@géso relevant

for UAM services. In addition to public acceptance setbacks, UAM aircraft manufacturers were
notably impacted by supply chain disruptions and research and development challenges (Santha,
2020; Mordor Intelligence, 202NicKinsey & Compap, 2021a,b. With a number ofmarket

factors at playthe change in market projections between UAM Geomatics study release years can
help shed light on the large influence of the pandemic.

Despite the challenges imposed by the pandemic, there are sigoats ¢hat the advanced air
mobility industry is recovering. In 202he industry attracted $7 billion in new investnémhore

than doubling the total disclosed investments made over the previous desgqdé and Riedel,
2022).Five UAM passenger mobiltcompanies went public in 2081Blade Air Mobility, Joby
Aviation, Lilium, Archer Aviation, and Vertical Aerospageall through mergers with special
purpose acquisition compani€aPACs) with a combined market cap of $10.7 billi@squé and
Riedel, 2022).Furthermore, in accordance with the strong medi@and longterm market
projections that preceded the pandemic, the AAM industry may see strong investments continue
as the industry furthers its recovery.

SMG Consulting (2022) may provide the most compraive snapshot of UAM industry growth.
It tracks theOEMsthat have receivesignificant investment from venture capital, private equity,
SPACs, automotive companies, legacy aerospace OEMs and tech comipaastsnents are
summarized iMable2.8.
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Table2.8. AAM Industry InvestmentéSMG Consulting, 2022

OEM (stock ticker) Funding ($M) Use Case First Flight ‘ EIS ‘ Country
Joby Aviation (NYSE: JOBY) $1,844.60 Air Taxi 2018 2024 USA
Volocopter $579.00 Air Taxi 2021 /2022 2024 /2026 Germany
Beta Technologies $796.00 Cargo, Air Taxi 2020 2024 USA
Lilium (NASDAQ: LILM) $938.00 Regional, Cargo, Biz Av 2025 Germany
Wisk $775.00 Air Taxi 2018 USA
Archer (NYSE: ACHR) $856.30 Air Taxi 2021 2024 USA
Ehang (NASDAQ: EH) $132.00 Air Taxi, Tourism 201872021 2022 /- China
Kitty Hawk Privately funded Air Taxi 2018 USA
Vertical Aerospace (NYSE: EVTL) $337.30 Air Taxi, Cargo, EMS 2022 2025 UK
Airbus Corporate backed EMS, Tourism, Air Taxi 2023 2025 France
Eve Holding (NYSE: EVEX) $362.40 Air Taxi 2022 2026 Brazil
Supernal Corporate backed Air Taxi 2023 2028 South Korea
Overair $170.00 Air Taxi 2023 2026 USA
Honda Motor Company Corporate backed Air Taxi 2023 2030 Japan
Eviation $200.00 Regional, Cargo, Biz Av 2022 2025 USA
REGENT $27.00 Regional 2023 2025 USA
AutoFlight $200.00 Air Taxi 2022 2025 China
Dufour Aerospace $11.00 EMS, Regional 2022 2026 Switzerland
Electra $49.00 Regional, Air Taxi,Cargo 2022 2027 USA
Ascendance Flight Technologies $11.90 Regional, Cargo 2023 2025 France
Jaunt Air Mobility $3.10 Air Taxi 2023 2026 USA

Aviation OEMSs, suppliers, and operators hdeen takingoublic stepgo help scale and develop

the UAM industry By the end of 2021, five of the ten largest aerospace OEMs had publicly
launchedJAM programs or made investments in other playEssjué and Riedel, 20223mong

major suppliers, the sine was even higher, with seven of the ten largest aerospace suppliers
publicly active in the spacdsqué and Riedel, 20223dditionally, even among the ten largest
airlines, four have publicly entered thelvanced passenger mobilgpace(Esqué and Riel,

2022)

The UAM industry is receivig aircraft purchase orders and letters of intent that reflect increasing
demand. The industry received orders and letters of intent in 2021 for approximately 6,850 aircraft
worth $26.1 billio® outpacing the order vome for conventional aircraft orders that year by a
factor of ten (Esqué and Riedel, 2022). Many of these orders are conditional apicdiog, but

the spike in order volume is a clear signafrefovery demonstrating interegtom a range of
players, hcluding importangaviation industryincumbentgEsqué and Riedel, 2022)
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2.2.7 Market Segmentation Analysis

2.2.7.1 Segmentation Overview

The literature review summarized market information for AAM mobility operations from a wide
range of sources, including industgsearch, academic papers, and govermnfugrted research.

The literature review included summary analyses on the market potential for AAM, the costs of
entry and operational viability, the competitive environment, consumer acceptance, public
acceptancedriers, and legal and regulatory barriers.

The segmentation analysis contained in this section builds on this work and combines academic
work with industry reports, data on advanced passenger mobility, and media coverage to give
further insight into the AM market.

First an overall summary is given of the potential customer base for the ad@nced passenger
mobility markets. The markets included are UAKRHRAM. First, a highlevel overview is given

of each segment, along with a summary oftreeket potential for each segment of the market.
Following this, analysis is given that aggregates demand forecasts for the previously described
segmentsand then some analysis is given of subsegments in the overall segmentation market.

The process of gement ati on can be thought of as a Amix
segmentation procedures has been developed over the last fifty years to segment both perceptual
and behavioral customer data (France & Ghose, 2019). Methods of segmentatia ancage

of clustering methods (e.d?unj& Stewart,1983)and modebased latent class approaches (e.g.,

Grover & Srinivasan, 1987). However, purely technical segmentation solutions that are not
grounded in business realities may have limited usedglne predicting customer behavior
(Yankelovich & Meer, 2006). Technical methods can be combined with business intuition and
domainspecific knowledge to ensure that segmentation solutions are realistic and have face
validity. For exampleBarron and Holhgshead (2002), noted the need for broad multi
disciplinary teams to increase the applicability and validity of segmentation solutions.

The segmentation approach followed in this paper is designed to be qualitative and descriptive in
thatit gives infomation on different market segments with information summarized from the
literature review and other sources. However, where suitable data are available, technical
segmentation is used to provide additional information on segmentation structure andissmmar
of past reports are used to gstemmary predictive estimates of market potential.

2.2.7.2 Macro Consumer Segmentation

Consumer market segmentatioan be thought of as the process of splitting a consumer market
into subsets of more homogenous consumers (SrhAB6) and is used to better target the
marketing effort (in terms of product, price, place, and promotion) to specific groups of consumers.
The market can be split using different consumer characteristics, which in the context of
segmentation are callédds e g ment ati on baseso. Segmentati on
variables, including, but not limited to, psychographic characteristics (e.g., beliefs about travel
safety), behavioral characteristics (e.g., trip frequency and distance), lifesiygetehistics (e.qg.,
preferred leisure activities), soeezonomic characteristics (e.g., income) and demographic
characteristics (e.g., age). Dhalla and Mahatoo (1976) noted that no one type of segmentation base
can fully describe consumer characterstifor example, purely psychographic segmentation
cannot adequately predict customer purchases and behavioral segmentation on purchase data
cannot account for customer motivations. A key point is that segments must respond differently
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to marketing efforts For example, a promotion targeted to a certain segment should elicit different

behavior in that segment than in other

segment

attribute of a consumer segment. A segment should be identifiable,lsjzaetessible, stable,
actionable, and responsive (Kotabe & Helsen, 2021). These attributes are expl3iabled 29

with examples related to the market for AAM.

Table2.9. Segmentation Characteristics.

Characteristic Description

Identifiable The segment can be defined in terms of travel distance. Larger
of-metro travel will come under the banner of RAM whdlleorter
distance travel will come under the banner of AAM.

Sizeable Several sources cited in the market analysis show the potential ¢
the AAM mohbility, for example, the survey by NASA and McKins
(McKinsey & Company, 2021c). To be commercialhable, a
segment must have enough potential consumers to be profitable

Accessible The segments can easily be targeted. For example, if a segm
consumers did not have access to the internet, they would not b

to access online ticket promotions

Stable Is the segment stable? A stable segment is easier to target. Ho

for a new product, this may not be possible (or desirable).

example, the segment of consumers interested in utilizing A

would need to grow rapidly for AAM to be viable

Actionable Can the marketing effort be adapted to the segment while ke
alignment with core competencies? For example, there may

segment of costonscious budget travelers.

The market segmentation analyses in this document utilize thectdrastics described ihable

2.9 but in the context of determining overall market potential rather than just targeting

a specific

commercial product or service to a market. The sizable characteristic is particularly important, as
it is directly related to overall market potential. Alle described segments will be described in
terms of consumer attributes, so should be identifiable. Potential market segments will be
evaluated in terms of accessibility and actionability. As these concepts overlap, they are combined.
In addition, thoup cost can be analyzed with respect to customer accessibility, given the
importance of cost information to the viability of AAM operations, a cost attribute is given as a
standalone segmentation criterion. Given the context of implementing a new premdice/she
segment stability characteristic is less important than the other characteristics, though some

analysis is given of the market potential of the segment over time.
2.2.7.3 UAM (Urban Air Mobility)

Urban Air Mobility refers to the segmentation of withimetro urban trips. UAM can encapsulate

a range of airport trips including air taxi trips, airport commuting trips, and leisure trips.
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2.2.7.3.1 Identifiable

Using theBooz Allen Hamilton NASA Stu(heferredto as the BAH_NASA study), UAM can be
thought to encapsulate trips of less than 50 miles. Different studies have defined the boundaries
of UAM in different ways. For example, the BAH_NASA study and associated publications (Booz
Allen Hamilton, 2018,Goyal & Cohen, 2022; Goyal et al. 2021; Reiche et al., 2018) focus on
UAM as a commuter transportation and airport shuttle service Mbingan Stanley (2018) report

gives a much broader scope of operations, and include a range of customer applications (e.g.,
shared ride air taxi) and also cargo and military applications. For the purpose of this analysis,
UAM is defined as an customer carrying air mobility application using electric or hybrid eVTOL
vehicles (either piloted or autonomous), within an urban oreatea and with a trip range of less

than 50 miles.

2.2.7.3.2 Sizeable

There are multiple estimates of market size availablén®pbtential UAM market. Though these
estimates, may differ slightly in time period and scope, there is some commonality between the
egimates. Several of the estimates are outlined below and a summary is made of some of the
general trends. A more detailed analysis is carried out in the demand estimation section of this
paper. Most of these estimates assume a commercial start date dregperiod 2022025, with

Blade, Archer, EHang, Volocopter, Joby, and Lilium planning to launch operations within this
period (Research and Markets, 2021b; SMG Consulting, 2021). OnlwitlsSforecasts are
included.

1 From a commercial study (ResearchidMarkets, 2021), it was estimated that the US UAM
market will grow to $18.81 billion by 2035, with a compound annual growth rate of 23.12%
from 20232035.

1 A case study by Morgan Stanley (2018) found that for a base case, for the UStahe
Addressald Market (TAM) for UAM will be $2 billion in 2025, $12 billion in 2030, $66
billion in 2035, $279 billion in 280, $1081 billion in 2@5, and $2450 billion in 2050.

This analysis gives a broad overview of overall market potential and assumes penetration
in many different subsegments of the market including shaledaxi, commuter services,
and includes potential goods transportation and millitary revenue.

1 Inthe BAH_NASA study and associated publicatig@syal & Cohen 2022 Goyal et al.
2021;Reiche € al., 2019, it is stated that combined, the Air Taxi and Airport shuttle
markets have a potential demand of 55,000 daily trips (82,000 daily passenger). This
results in an unconstrained demand of 11 million daily trips with a market size of
approximategf $500 billion. With constraints, it is estimated that UAM can account for 0.1
percent of total daily commuter trips and will have a market value of $2.5 billion, with
potential for 4,000 operational aircraft.

1 The survey by KPMG Mayor and Anderson, 202QGakes a conservative approach to
demand estimationlt hasan assumption of full commercialization of UAM services
starting in the 2030s, with estimated global passenger enplanements of 12 million per year
by the end of the 2030s, increasing to 400 millper year by 2050.

1 UAM Geomatics createrhultiple demand estimatelrough year 205QUAM Geomatics
2021a,b) These demand estimates were analyzed, synthesized, and combined as part of
the Site Suitability Analysis(SSA)and staggered based on known comuiaé start dates.
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Overall estimates are approximately 300,000 flights in 2025, 6 million in 2030, 14 million
in 2035, 35 million in 2040, and 68 million in 2050.

Overall, this section has summarized a wide variety of demand estimates. These estedates us
very different methodologies and produced quite different results, but there are some
commonalities within the estimates. The forecast start dates ranged fror2@822 Though

there is some uncertainty as to commercialization dates, initial implatoerst are seen in 2024

2025 (see accessible/actionable section). In most of the forecasts, the 2030s are seen as a major
rampup period, where UAM transitions from isolated metros to a more integrated system, with
the full potential of UAM realized in #12040s.

2.2.7.3.3 AccessibleActionable

The accessibility/actionability of this segment depends on i) sufficient infrastructure to support
UAM services, ii) commercial deployment of UAM services, and iii) regulatory/government
support via the FAA and other agergitat will allow UAM services to be integrated into the
NAS. Cost considerations are important to accessibility, though these are discussed in the next
section.

A primary infrastructure consideration is the placement of UAM flight departure/arrivaidnsat

UAM specific facilities are often referred to
initial UAM implementation may be able to use existing infrastructure, such as heliports/airstrips,

for UAM to be commer citailpoyr tsscéa |l vacbu led bdee dn ecead eedc
and charging stations.

Guzzetti (2021 plso noted that in conjunction with regulatory authorities, a viable UAM service

would need a specific corridor within the NAS. The FAA defined the concept of suchidocor

in the UAM CONOPS (v.1) report (FAA & NASA, 2020). Here a UAM corridor is defined by

t he FAA as fbaseduiespalceoof defimed dimensions in which aircraft abide by UAM
speci fic rul es, procedures, and performance r ¢

There has &en a range of initial academic work on the development of vertiport infrastructure.
Examples of this work include analyses of vertiport development and capacity based on
operational constraint&{erreiroet al., 2020Rimjha & Trani, 2021;Vascik & Hansnan, 2019),
vertiport location selection and optimization (Chen et al. 2@#Akilewiczet al. 2018 Shaoet

al. 2021;Venkateshet al., 202}, and UAM airspace design/vertiport integratidofiget al.,

2021). In addition,iie FAA has recently producea engineering brief for vertiport design (FAA,
2022c). This brief gives guidance in areas such as vertiport design, electrical infrastructure, and
site safety. Itis expected that this guidance will be updated once further knowledge is gained from
initial vertiport implementations. NASA, in conjunction with commercial partners, have also
produced a comprehensive report on vertiport implementation (NASAcR20R e report has an
operations orientation and gives guidance for operational managemerdliabhodration between
partners and for integration of vertiport integration into the NAS. In total, this work helps provide
the foundations for moving the concepts of vertiports forward.

The ability to implement UAM solutions will depend on the commemtigport and infrastructure
for these solutions. There are several current commercial projects to bring eVTOL UAM to the
US market. The four most realistic implementations in the US, chosen using the AAM reality
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index (SMG Consulting, 2021), are listedids@. Only implementations that include proposed
infrastructure at specific locations are listed/included.

1 Joby Aviationhas obtained Part 135 Certification from A to run air taxi service and
aims to have full FAA vehicleertificationand initial flight implementatiorby 2023(Joby,
2022b) The trip from Los Angeles to Newport Beach is stated as a potential initial route
(Alamalhodaei, 2024). In addition, Joby hagartnered with a parking garageeoator
REEF, to allow vertiports to be built on top of garages (Dahlberg, 2021b) and may
additionally look at the San Francisco, Miami, and New Y ork markets.

1 Lilium (Parker, 2021) hainvested approximately $20 million inveeriport at Lake Nona
in Florida. The plan is to begin initial service in 2025. This development has RAM aspects,
as Lilium eventually hopes to buildRAM infrastructure (Alcock, 2020).

1 Archer Aviationis aiming to enter the Miami and Los Angeles markets with a shaded
air taxi ®rvice in late 2024 (Dahlberg, 2021b). The services are designed for journeys
from 10 miles to 50 miles. There are no specific vertiports mentioned in the article, though
as with Joby, Archer has partnered with REEF to use vertiports built on top gegara
(Head, 202t).

91 Blade mobility acts as a booking service for charter helicopter/saniitprivate jets with
a focus on the Northeast corridor and West Coast and also supplies medical transportation
services Nanalyze 2022). Blade has ordered 20 AB®TOL vehicles from Beta (Head,
2021b) and has facilitated the purchase of these vehicles for other flight partners. From
initial news releases/articles it seems that Blade will aim to integrate eVTOL vehicles into
current services and adapt current isfracture.

In summary, detailsfofour neart e r m A r eAM limplerhentations ate described above.
These implementations range from entirely new services to services that introduce an eVTOL
component to existing services. In terms of the infrastractequired to make the services
accessible, there is a mix of new development (e.g., the Luartiporf) and utilization or adapting
existing infrastructure. UAM infrastructure needs will only be finalized once certification
requirements are cquteted and initial UAM implementations come to market. Thus, it may take
until after these initial implementations to fully understand how much new infrastructure will be
required by UAM services.

2.2.7.3.4 Cost
The ultimate market potential for UAM is strongly @eplent on cost considerations. There are
several studies that give estimated costs for UAM travel. These studies are listed below.

1 The BAH_NASA study provided a detailed set of cost per mile estimates for UAM
compared to other modes of transportati@uost estimates per mile range from $11 for a
two person UAM vehicle to $6.25 for a five personUAMe hi cl e (al so noti ncg
of $5.75 for a five person UAM). These costs compare with $9.00 USD for a helicopter,
$11.75 for a limo, $4 for luxury/gh end ride share, and $1.50 for a taxi.

1 The KPMG study did not give specific cost estimates, but noted a target price per mile of
$3-$5 if eVTOL UAM is to be competitive in the luxury rideshare market.

1 Garrow, Roy, & Newman (2020gxamined cost considerabs from a consumer
perspective using a consumer survey and multinomial logit choice model and calculated
Value of Time (VOT) parameters for different models of commuteretra These were

53



$12.96/hr. for transit, $15.14/hr. for automated vehicles, $1t.2fr auto, and $25.41/hr.
for air taxi/eVTOL.

1 Rimjha et al. (2021) created a feasibility and lagibice model for UAM consumer
demand in Northern California. Using the results of the model and assuming 75 vertiports
in the region, metro demand wastimated using a sensitivity analysis for prices ranging
from $1 per mile (45,000 passengers per day) to $3 per mile (<5,000 passengers per day).
The authors noted a large droff in demand as prices rise above $1, with demand at $1.20
reduced by 35 peent. The authors gave a detailed analysis of feasibility for high-price
low demand ($1.80 per mile and 75 vertiports) and low ghigh demand ($1.20 per mile
and 200 vertiports).

1 A similar tradeoff study was carried out bylayakondaet al. (2020), wh@xamined US
demand for 15 US cities across a tway table of UAM ticket cost ($0.30$7.20) and
vertiport density. For the median value of vertiport density, the estimated potential UAM
share of the transit market was 8.5 percent for a $0.30 per milarcd$.002 percent for
a $7.20 cost per mile. The market share broke through 1 percent (1.2 percent) for a $0.30
per mile cost and through 0.1 percent (0.127 percent) for a $2.40 per mile cost.

A range of cost and pricing studies are listed above. TAE BIASA study is the most
comprehensive of those listed and the costs generated by this study have been utilized in
subsequent researchhis research gave a cost per mile between $6 and $11 dependime size

of the UAM vehicle. These values may desse with economies of scale. As per some of the
other studies, lower cost values may be needed if UAM is to expand beyondemtligiche. For
example, the KPMG study assumes values e$%3or UAM to be competitive in the higénd
rideshare market genent. The price/revenue trad# simulations given irRimjhaet al. (2021)
andMayakondaet al. (2020) both assume lower cost per mile values of less than $3 to break into
the mass transit market. The change in cost as UAM is implemented commeraadgomomies

of scale takeoff could determine the eventual positioning of UAM in the overall transit market.

2.2.7.3.5 User Acceptance
There have been several studies that include surveys on user acceptance of UAM. These are
detailed below.

1 The BAH_NASA study asked series of questions on UAM acceptance to a panel of US
consumer s. A major question was Mfdare you
aircrafto, with five Likert scale responses
around 60 percedf consumers answered with fistrongl
The authors found that younger age groups, males, and people who had previously been
exposed to UAM had higher levels of user acceptance. Wereealso higher preferences
for piloted over fully autonomous flights and travelling with friends.

1 A user acceptance study by McKinsey (Kloss & Riedel, 2021) found that in the US,
willingness to adopt UAM was 14 percent for commuting, 14 percent for running errands,

26 percent for business? Ipercent for short distance leisure travel, and 18 percent for
airport travel.

1 An airbus and air traffic management study (Yedavalli & Mooberry, 2019; subsequently
referred to as AAirbus_ ATMO in this documer
countries. The survey both measured perceptions of concern for safety and noise for certain
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UAM scenarios and for general willingness to adopt UAM. A Hpeent Likert scale
ranging from very unlikely to very likely was used to indicate willingness to adiopie

US, 23 percent of respondents were very likely to adopt and 18 percent were likely to
support UAM as a mode of transportation. Across all countries, there was higher adoption
for younger people, males, urban dwellers, higheelteof educationpeople with longer
commutes, and people who already rely on ridesharing.

Overall, there are some large commonalities across all three studies. Younger, more educated
males, with longer commutes were more likely to adopt. Initial customer targeting effegtoe
aimed at segments with some or all of these characteristics.

Safety and noise issues were examined in the Airbus_ATM study. Around 40 to 50 percent of
respondents showed high levels of concern about these issues. It may be possible to regegate th
concerns with targeted promotion and advertising to improve percegeoms Maclnnis &
Jaworski, 1989)particularly given that most consumers do not have-feathed opinions on

UAM, though actual operational characteristics (e.g., noise) andt@tsafety instances will
strongly impact opinion.

2.2.7.4 Regional Air Mobility

RAM refers to the segment of travel within a region, but not within a city. Examples of RAM
include business trips between cities within a region (for example, Orlando and Tantpa)
regional leisure trips. While much of the initial emphasis of UAM implementations is on within
metro applications, such as air taxi/commuter traglesal sources cited in the market analysis
show the potential size for RAM markets to\nablein densely populated areas, even after all
constraints are applieés documented in tH2AH NASA study(Booz Allen Hamilton 2018
Goyal et al, 2021; Reiche et al., 2018A report by NASA (2021b), noted that if operating costs
could be reduced from more ifent electric propulsion methods and from automatization of pilot
function then this could expand the RAM market and make it more feasible for a wider range of
customer segments.

2.2.7.4.1 Identifiable

As per the BAH_NASA body of work, RAM can be thought to ena&gise trips ranging from 50
miles to 500 miles, with UAM covering trips less than 50 miles. This gives a wide range of
performance attributes. The NIAR VTOL databases analyzed to see how current and planned
VTOL vehicles match this specification. Figure 2.10, box plotg of the vehicle ranges were
plotted by the maturity level (preliminary design, prototype build, subscale flight test, and ongoing
certification) All vehicles undergoing current flight testing have a range of less than 250 miles,
so only cover the lower end of the-&83500-mile range for RAM. However, going forward to
vehicles in the prototype build and preliminary design stages, there aromgeerange vehicles,

with the 79" range percentile for vehicles in the preliminary design stage reaching 500 miles.
Thus, vehicles are planned that can cover the entire range of regional air mobility.

The market for RAM is expected to be part of general market for regional travel, including
regional jets, private jets, and regional helicopter services. However, there is very little overlap
with the regional jet market. THeAA Aerospace Forecast 2022041 (FAA, 2022b) noted that

"The center of a box denotes the median, the bottom of the boxXtper28ntile, the top of theola the 75 percentile,
and the top/bottom lines the lowest/highest values excluding plotted outliers.
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while the regional jet market is a substantial market, with 86 million domestic enplanements in
2020 (down from a preovid 159 million in 2019), the market is moving from 50 seat planes to
larger, more fuel efficient, 700 seat [anes.The FAA Aerospace Forecast predicted that the
average number of seats will rise from 61 (in the 2PQ@P1 period) to 68 over the next two
decadesSummary box plots of maximum passenger capacities for different maturity levels are
given inFigure2.11. In all stages of the vehicle maturity process, tHeg&centile of maximum
passenger capacity is 4 passengers, with a maximum proposed size of 10 passEnigers.
indicates that RAM vehicles will be competing with private jet and helicopter services.

1000+

500_ - ﬁ ﬁ
Preliminary Design Prototype Build Subscale Flight Test Ongoing Certfication

(N=25) (N=26) (N=24) (N=6)
Maturity Level

Max Range in Miles

Figure2.10. Maximum Range in Miles by Maturity.

StarryandBernstein(2008)s u mmar i zed the different classes o
with a maximum range of 1,132,200 milesand-4 1 passengramsge,t® Wi tomga
of 4,469-6,305miles and 1719 passengers. In addition, tRAA Aerospace Forecast 2022041

(FAA, 2022Db, p131) lists the average regional domestic trip as 489 miles in 2020, which is at the
high-end of current RAM specifications.

Given the aforementioned vehicle specifications, eVTOL aircraft will be competing with
light/medium jets in the regnal flight market. Current regional helicopter travel, being of small
capacity and with VTOL vehicles is probably the closet match to eVTOL travel.
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Figure2.11. MaximumNumber of Passengeirs Miles by Maturity

Another potential performance characteristic for UAM vehicles ispleed of vehicleSunmary

box plots of maximum passenger capacities for different maturity levels are givegune2.12.

Here, all the top speeds for the more advanced maturity stages (subscale flight test, ongoing
certification, and certified) are less than 200 mph. However, there are higher speed vehicles
planned in therototype build and preliminary design stages. Here, top speeds are up to 500 mph;
however, the majority of speeds are still less than 200 mph. This puts the performance
characteristics in a similar range to helicopters rather than small jets. Forlex#mepverage
helicopter maximum speed is approximately 160 nfpat{o, 201} anda widely used modern
mid-sized helicopter, the Airbus H160, has a top speed of 202 Miptaly Factory, 2021), while

a characteristic small private jet, the Lear 45,d&sp speed of 533 mpfidylor, 1999)
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Figure2.12. Top Speedh Miles per Hourby Maturity.

To further explore the characteristics of vehicles suitable for RAM, a visual scatterplot was created
of vehiclessuitable for RAM. To be included in the analysis vehicles needed to have a minimum
maximum range of 50 miles (i.e., the lower bound of RAM), a minimum maximum speed of 150
mph (below the average helicopter maximum speed of 160amghp passenger capaciof at

least four. Twelve aircraft satisfied the criteria and the top speed in mph was plotted against the
maximum range in miles for éa®f these aircraft. The name labels were colored by maturity
level. The resulting visualization is givenkigure2.13. Visually, one can make out three specific

clusters. The first consists of Aborderlineod
and cancoverth fil ower endo of RAM journeys, up to a
Ai Nt er medi at ed s e fganamAircradtiCavorikeeXd p m AIXTPMOBI{ONE 1

V1o, which have operational charact erspeedtin cs be

mph and max range in miles both around 300), and finally a single item segment, consisting of the
fiPegasus Universal Aerospace Vertical Business Jet whi ch has perfor manc
similar to current private jets (top speed 495 mph andeari 1,320 miles). If this vehicle and

similar come to market then RAM with eVTOL vehicles can compete in the segment currently
served by private jets.
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Figure2.13. Visual Segmentation of Vehicles with RIACharacteristics.

Overall, there is a strong concordance between the market for RAM and the existing commercial
helicopter market, though potential improvements in vehicle specifications and new usage
scenarios could allow for RAM to develop new markaatsl to move into areas covered by the
private jet market.

2.2.7.4.2 Sizeable

As noted in the previous section, there is strong overlap between the RAM market and the
commercial helicopter market, as well as some overlap with the private/business jet market. Given
the lower capacities and speed of the eVTOL vehicles, there is little overlap between the eVTOL
RAM market and the regional commercial jet market. Several sources are given below, but given
the smallscale private ownership for these segments, accurateagss of market size are
difficult.

1 A 2022 survey of the private jet market (Deane, 2022) estimated an overall market size for
private and jet charter aircraft $24.4 billionin 2019, dropping to $23.1 billion in 2020,
but rising pospandemic in 2021.

1 The FAA Part 135 certification covers small private planes and helicopters. Usage
statistics are available from the FAA (FAA, 2022b). For private aircraft with paid pilots
there were 2,362,000 hours of flying time in 2019 and 1,617,000 hours of flynegiri
2020. Similarly, there were 2,765,000 hours of flying time for air taxis in 2019 and
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2,356,000 hours of flying time in 2020. Both of these markets includ&ddn segments

(e.g., shorter distance flights for air taxis and 4paigssenger applicatiorisr the private
aircraft figures, but they provide useful upper limits on demand), so should be considered
constrained upper bounds for demand. The most recent available data is from 2020, but
given the fast recovery from the pandemic in 2021 shownhieratata sources, a similar
bounceback would be likely in these figures.

WINGX (2022a) is a service that collates private business aviation market information. As
of April 2022, over the last 30 days there have been 355,647 private flights in the US
(11854 per day), shared between propellor (32%), small jet (31%), medium jet (23%), and

large jet (14%) flights. A graph of global private air traffic over the last few years
(WINGX, 2022b), shows a drop in flights during the COVID pandemic, but strong

recowery postpandemic, to levels approximately 20 percent higher tharpgndemic
levels.

1 The FAA Aerospace Forecast 202041 (FAA, 2022b) shows 86 million domestic

enplanements for regional jets in 2020 (down from agargd 159 million in 2019). This

volume is expected to recover strongly through 2021 and 2022. As noted previously, this

market is unlikely to intersect significantly with te® TOL market.

The overall current market amenable to RAM with eVTOL jets is difficult to forecast and calculate

asit overlaps several different markets, including, but not limited to gteout corridor air traffic

and regional Amtrak rail service. The commercial regional jet market is the closest market to
RAM in terms of distances travelled, but the current lovacétp of eVTOL jets makes penetration

into this market unlikely in the near future. The market served by business jets and helicopters is
much more amenable to penetration by eVTOL vehicles, due to a larger overlap of vehicle sizes
and other operationaharacteristics. These segments have seen strong market recovery since the

pandemic.

It is possible to use some of the figures above in approximatediahk-envelope calculations
(e.g., Purcell, 1985) and scenario analysis (e.g., Huss, Pa88na& Liebl, 2005). Consider a

scenariax with private aircraft flights of roughly 10,000 a dgypercent of these flights devoted

to RAM, with an average RAM distance omiles, and based on the costing analysis described in
the UAM section of this reporina taken from the BAH_NASA analysis a price per mile of $6.25

for a five person UAM. The flights per day number is fixed at 10,000, which is a rough estimate

of the WINGX (2022a) number. Scenarios are given in away table for different proportions

of the overall private jet market being dedicated to UAM and the average trips per miles (i.e., are

most trips closer to the &@ile boundary or 50@nile boundary?).

The spreadsheet is shownFHigure2.14. The median revenue scenario generates a yearly revenue

of $13.97 billion. This has good face validity. The Deane (2022) consulting numbers the medium

revenue scenario ($14 billion/$25 killi = 56 percent) approximately match the proportion of the

private jet market devoted to RAM. Within the tway table, it is relatively easy to alter the
variables. For example, given specific market estimates, it could be estimated that RAM has 50

pere nt of the overall mar ket , and the fAProport

AFlights per dayo di mension with a range
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A B C D E F G H J
Flights per day Proportion RAM Average Mile: Passengers Cost Per Mile
10000 0.5 200 5 6.25

1

2

3

4 Overall Revenue
5 | 11,406,250,000
6
7
8
9

Average Miles

100 150 200 250 300 350 400 450

0.1 1.14 1.71 2.28 2.85 3.42 3.99 4.56 5.13

10 0.2 2.28 3.42 4.56 5.70 6.84 7.98 9.13 10.27
11 0.3 3.42 5.13 6.84 8.55 10.27 11.98 13.69 15.40
12 Proportion 0.4 4.56 6.84 9.13 11.41 13.69 15.97 18.25 20.53
13 RAM 0.5 5.70 8.55 11.41 14.26 17.11 19.96 22.81 25.66
14 0.6 6.84 10.27 13.69 17.11 20.53 23.95 27.38 30.80
15 0.7 7.98 11.98 15.97 19.96 23.95 27.95 31.94 35.93
16 0.8 9.13 13.69 18.25 22.81 27.38 31.24 36.50 41.06
17 0.9 10.27 15.40 20.53 25.66 30.80 35.93 41.06 46.20
18 1 11.41 17.11 22.81 28.52 34.22 39.92 45.63 51.33

Figure2.14. Scenario Analysis with Revenue in Billions for RAM

2.2.7.4.3 Accessible/Actionable

Most of the initial commercial eVTOL implementations are designed for UAM implementations.
As a precondition for RAM air mobility there must be infrastructure available in multiple regional
areas/cities before RAM can take off. i3s the view posited by the KPMG study on air mobility
(Mayor and Anderson, 2020). Here they posit that the focus on initial eVTOL implementations
will be on within-city UAM implementations from 203Q050, but that by 2050, there may be
some scope for RM travel, with RAM travel up to 120 miles expected by 2050. However, this
estimate may be overly conservative, as some providers, e.g. Lilcock, 2020, are aiming to
introduce regional services relatively shortly after initial UAM commercial depéot. As per
Figure2.10 andFigure2.12, given an increasing number of veleis with longer range and the
potential to fly at higher speeds, there may be scope for faster growth in RAM services.

2.2.7.4.4 Cost

The cost per mile estimates given in the UAM section are general and could be adapted to the
longer RAM journeys. There may Beecific influences for longer journeys (e.g., lower relative
fixed costs, but higher sts needed for larger batteries), but therpiée estimates described in

the UAM section can be used for base estimates.

2.2.7.4.5 User Acceptance

The surveys outlined in the WM section are mostly general in nature and do not differentiate
based on the difference. There are some slight indicators of advanced passenger mobility adoption.
For the McKinsey studyKloss & Riedel, 202}, willingness to adopt for long distance lesu
purposes is 10 percent, which is lower than willingness to adopt for UAM applications. One
potential reason for this is that as noted by the BAH_NASA study, people with previous exposure
to air mobility display higher willingness to adopt, and mostsiexposure to AAM is on the topic

of UAM/air taxi applications.

In addition, the choice set for regional travel is a little different in that competitors include
helicopter travel and private jet travel, which have some commonality in safety perceptions wi
UAM, due to all of these modes being air travel modes.
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2.2.7.5 Ambulance/Air Ambulance

Together, ambulances and air ambulances form part of an overall emergency management
infrastructure in the US. Ambulances provide local emergency response, while airrcebualee
particularly useful in situations where high speed service is needed and where road/transportation
difficulties can make ambulance service difficult, for example rural areas with poor road
conditions and long distances to trauma centersNécoll et al., 1994), or congested urban areas
(Eckstein et al., 2002prnd in situations where severe trauma makes speed an important factor.
For example, Larson et al. (2004), noted how air ambulance services could improve outcomes in
pediatric trauma casendRhinehartet al. (2013) noted that mortality rates were lower for people
who were close to air ambulance infrastructure.

There has been much recent interest in incorporating eVTOL vehicles into the air ambulance
infrastructure. For exampl®eichmam ( 202 1) , citing a study by nC
ADAC Luftrettungo noted that wusing eVTOL ambu
and cost. This article also notes efforts from American company Jump Aero to develop eVTOL

to decrease emerggnresponse time and posits te®TOL Volocopter aircraft have a significant

speed advantage over conventional emergency medical response, being able to reach emergencies
twice as fast in rural areas compared to the conventional emergency medical service

There have been several initial commercial attempts to produce eVTOL based air ambulance
services. For example, Cowan (2002) describedtheb a n Aer onauti cso Cityl
eVTOL air ambulance), which was created with the aim of reducing currgyanss times and

improved cardiac arrest outcomes.

2.2.7.5.1 Identifiable

Mostinitial work oneVTOL air ambulances assumes a similar set of vehicles to passenger UAM
vehicles (e.g., thBAH_NASA study,Reiche et al., 2018) and so the vehicle summary ranges are
similar to those examined in the Aldenti fiabl
segmentis definedas containingEmergency Medical Service€MS) using eithereVTOL

vehicles or hybd eVTOL vehicles. As vth standard passenger applications, it is expected that

initial services will be piloted, with the potential for some automation at a potential future date.

Of the initial proposals for eVTOL, the majority have been developed fot/stediumrange
travel with multiple passengers. Fotenple, the proposed CityHawk EMS eVTOCifyHawk
EMS, 2002)has a listed range of 90 miles and the Orca Aerospace EMS eVIli@hsport Up
2021 has a range df10-130 km(68-81 miles), with a top sed around 300 kilometers per hour
(186.4 mph).

2.2.75.2 Sizeable

Air ambulance eVTOL solutions are posited as intermediate solutions to both the conventional
ambulance market and the air ambulance market, there is potential to take potential market share
from bothmarkets. As per KBV Research (2021), the Global Air Ambulance services market is
expected to be worth $12.1 billion by 2027 with an average compound annual growth rate of 11.4
percent from 2022027. In an analysis of the overall market, precedenceaR#s¢2022)
estimated the overall global value of ambulance servicddS$29.49 billion in 202Wwith a

forecast of 13.9 percent compound annual growth between 2021 and 2030, giving an estimated
market size 0fJS$ 95.1 billionin 2030. A discussion in @gan (2022) notes the potential for
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eVTOL vehicles to take a market share of up to 5 percent of the overall mahiel, given
projected 2030 numbers would be approximatehb$Hillion.

2.2.7.5.3 AccessibleActionable

The accessibility an@ctionability of theeVTOL air ambulance segment will depend on both
commercial and regulatory issueshe BAH_NASA study found that the air ambulance market
could be potentially viable given the commercial deployment of hybrid VTOL aircraft, but
expressed some skepticism on thessible use of eVTOL aircraft in the near future due to
limitations with respect to battery weight and recharging times. Another possible limitation is the
implementation of FAA certification standartteat may be specific to the air ambulance market.
However, a report detailing UAM potential in OhiD€l Rosarioet al., 202} noted a range of
factors to be dealt with before UAM can become feasible. These include providing medical
infrastructure at UAM hubs, dealing with excgsssenger weight, helipad accessibilggtential
weather issues affecting availability, and EMS coverage/integration with the overall EMS
ecosystem. The weather issues in this area are particularly pertinent for emergency travel, as what
may be an incorenience for commuter applications (e.g., Reiche et al., 2018) is possibly a major
restrictive factor for EMS trauma applications.

2.2.7.5.4 Cost

The cost factors for eVTOL air ambulance-aigis ground transportation and traditional air
transportation are simildo those for UAM for shorhaul journeys and RAM for longer journeys.
However, there have been several attempts to price eVTOL air ambulance trips relative to
traditional trips. The BAH analysis includes a simulation st(Rligiche et al., 20185oyal &

Cohen 2022)of potential ground ambulance, air ambulance, and eVTOL vehicles. They found
aggregate costs per trip of $500 for ground ambulances, $9,000 for battery/electric eVTOL
ambulances, $9,800 for hybrid eVTOL ambulances, and $10,000 for traditiataay-wing
helicopters. Thus, it is likely that eVTOL ambulances will fill a similar niche to traditional rotary
wing helicopters in being more expensive than ground ambulances but offering faster
transportation and improved survivability for trauma cases

An additional factor in eVOTL air ambulance competitiveness is the billing structure of air
ambulance flights. As noted in the discussion in section 2.5.4 and the previously cit&f&use

et al. (2020) work, air ambulance bills are often-ofshetwak for health insurers and charges are
433 percentof the Medicare base rate. Approximately 52 percent of bills not fully covered by
insurers, with an average balance to be paid by the patient of around $20,000. Toépmokiet
charges and the assaed controversy (e.g., Sison, 2019) may spur state and federal regulation,
which may restrict the potential for air ambulance profitability.

In summary, the overall competitiveness of eVOTL aircraft will depend on maintaining a price
advantage over tradinal rotary wing helicopters, the regulatory environment at federal, state,
and local levels, and the fee structure set by medical insurance providers and Medicare.

2.2.7.5.5 User Acceptance

User acceptance for eVTOL air ambulances will depend on many of the szare &8 acceptance

for advanced passenger mobility applications. In fact, an interview with an eVTOL provider in
Cowan (2022) raised the point that integrating eVTOL vehicles into the emergency response
infrastructure could help improve general trust aser acceptance of eVTOL vehicles for general
applications. The Ohio UAM studyp€l Rosaricet al., 202) gave a use case for air ambulances
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and noted that air ambulances can be utilized for-8eresitive norpassenger applications, such
asorgan delivey. The utilization of eVTOL vehicles in such applications could help gain the trust
necessary to utilize such vehicles in human passenger transportation applications.

2.2.7.6 Macro Consumer Segmentation Summary

Overall, this section has analyzedhr ee majpor s@gament s of Theshee AAM
segments were analyzed using a general segmentation framework where the segments were
analyzed using the generalentifiable,szeable,and a&cessiblectionableattributes, and also
domain specific cost, user, andcaptance attributes. Of the three segments, the air ambulance
segment was something of a standalone segment, while the UAM and RAM segments both are
standard customer transportation segments but are defined primarily in terms of the length of the
custome journey. The analysis focused on the potential for new and existing services (e.g.,
commuter helicopters, private jets), where existing vehicles are replaced by potentially more
efficient and environmentally friendly eVTOL vehicles. While the UAM akdMRsegments were

treated separately, there is bound to be some integration in termsetriom and between metro

travel, particularly at the boundary area between UAM and RAM (journeys between 50 and 100
miles).

The segmentation was taken at alowlewdi gr anul ari ty, with the ar
segments. As more information becomes available on potential UAM implementations, it may be
possible to carry out a more detailed segmentation analysis for specific usage situations (e.g.,
commuters, hatlay travelers, etc.). The scope of such an analysis would need to be defined
carefully and may be metro specific. For example, segments in more sutedalwerdensity

metros, such as the Greater Los Angeles area, may be different from a densesunbtes, the

New York City metro. Such analyses could use both behavioral and perceptual data. Behavioral
segmentation (e.gBucklin et al., 1998) could be derived from actual travel data, for similar
services or from a consumer panel where participausrd travel behavior in a similar manner

to how panel members record purchases for a Nielsen consumerkiaaglet al., 2008). There

have been several perceptual surveys of AAM travel, with some surveys focusing on user
acceptance (Kloss & Riedel, 2021; Reiche et al., 2018; Yedavalli & Mooberry, 2019) and some
focusing on the use of stated preference surveygitoae consumer demand (e @arrow, Roy,

& Newman 2020.

The market segmentation section ties into the subsequent demand analysis in several ways. First,
the analysis collated and synthesized multiple data sources to examine and give contexttto marke
demand estimates for multiple areas of AAM (including UAM, RAM, and air ambulance services).
The demand estimate section follows this by examining and estimating demand scenarios for
focused metro area UAM demand, which given previous studies and ugronplementations

is thesdgmentod with the most overall visibili
calculations are given for RAM demand. These calculations give further context to any demand
calculations. Third, in the demand calculatiortsm, Bass modeling is used to help construct

low, medium, and high demand scenarios for UAM. The information given in this section can help
put these estimates into context, enable decision makers to understand the likelihood of these
different scenarigsand intelligently choose modeling parameters.
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2.3 Estimating Demand 2022° 2045

2.3.1 Target Markets and Suitable Market Conditions

Currently, more than 200 companies worldwide are developing transformative eVTOL aircratft,
with more than a dozen projececeiving significant private investment (eVTOL, 2019). Though
UAM passenger operations have yet to launch in the US, OEMs are actively working to enhance
their aircraft technologies, obtain certification, and prepare for-stdle manufacturing.
According to SMG Consulting (2091five companies are targeting operations in the US from
20242026, as shown imable2.10.

Table2.10. AAM Passengetaunch Cities (SMG Consulting, 2021)
Launch City Original Equipment Manufacturer

Orlando, FL Lilium (2024)

New York City, NY Blade (2024), Halo (2026)

Los Angeles, CA Archer (2024)

Marina / Santa Cruz, CA Joby (nolaunch date identified)
Miami, FL Archer (2024)

On the West Coast, Joby and Archer Aviation are preparing to begin operations. Joby has received
$1.8 billion in funding and has established its headquarters in Santa Cruz, California (SMG
Consulting, 202), while Archer is expected to begin operations in Los Angeles in 2024 and has
received $856.3 million in funding (SMG Consulting, 2021). On the other side of the country,
Blade and Halo are anticipated to begin operations in New York City in 2024 arg 202
respectively, while Archer is aiming to commence operations in Miami in 2024 (SMG Consulting,
2021). Lilium is targeting 2024 as a launch year for its operations at the Lake Nona Aerotropolis
in Orlando.

In conjunction with operatded launch sites, it anticipated that public investment will generate
new markets. Sponsored by NASA, a cohort of five community annex teams will receive public
investment to advance AAM activities within their respective areas (NASA, 2021a). Annex teams
include the Massdwsetts Department of Transportation, the Minnesota Department of
Transportation, the North Central Texas Council of Governments, the Ohio Department of
Transportation, and the City of Orlando (NASA, 2021a). A map of launch cities, community annex
teams, ad OEM headquarter locations can be foun#igure2.15.
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As UAM takes off in the US, several characteristics may elevate passenger growth within specific
domestic markets. Research icates that an important first step in UAM development will
involvetargeting a narrow, but potentially lucrative market segment of people who are willing to
pay premium fares to avoid commuter stress, congestiornyavel time (Mayor and Anderson,

2019; Haan et al., 2020). Thus, regions with highly gridlocked surface transportation systems and
high-income earners make an opportune pairing for UAM passenger services. It is anticipated that
the increase of urbanization and retianon automobiles in metropolitan areas in the US will
continue to facilitate UAM growth for the foreseeable future (Yedavalli and Mooberry, 2019).
Regions that are restricted by geography in their ability to develogffestive new infrastructure

for relieving automobile congestion will be particularly suitable sites for UAM market growth
(CAM, 2020a).

In addition to congestion and income, there are a number of other variables that influence UAM
growth and development. For example, regions that havghadoncentration of airports and
business travelers are likely to be more successful as UAM and RAM markets, as they can connect
passengers who are willing to pay for expedited travel from an airport to a meeting, conference, or
other business engageme(®®o0z Allen Hamilton, 2018)As such, the existence of airports and

the composition of airport passengers would likely influence the suitability of an advanced air
mobility marketplace.

To fully understand the most suitable locations for UAM passengeices within the US,he
research team reviewed more than pe@rreviewedjournal articles, market reports, industry
papersandregulatory briefingsThe literature review led to the determination of 13 variables that
affect UAM passenger market growts shown imable2.11.

Table2.11 Site Suitability Analysis Variables f@kdvancedPassengevlobility Markets
Category Variable Variable Description Variable Reference

The more people there are within a specified area, the greater KPMG 2019,

Popu!atlon likelihood that AAM passenger services will be able to connect Georgia Tech 2020,
Density . ; . . ) —__. Joby 2021, Booz
target customers with their desired business or leisure destinati .
Urban Allen Hamilton
Structure
Polycentrism is a measure of fuligrmed city centers within a NCSU and MSU
Polycentrism region. The more city centers there are within a specified area, 2021
greater likelihood that AAM services will be needed in the regiol (Bas ed o n
advertised markets)
Fortune 1,000 The presence of Fortune 1,QOO companies within a region catal UAM Geomatics
the need for CEO or executive leadership travel, which is some
Presence N . . . 2021, Joby 2021
Economic price inelastic, and a target market for AAM service providers.
Scale Gross Redional The higher and areads GRP, t KPMG2019,UAM
Product(GgRP) be a lot of business activity in the region. This may allow AAM Geomatics 2021,
services to capture or address business tradeleesls. Joby 2021
KPMG 2019,UAM
Average Time to The longer an individual 6s ¢ Geomatics 2021,
. 9 potential for an AAM trip to save time for that individual, relative  Joby 2021, Booz
Congestion Work ST )
to their existing travel method. Allen Hamilton,
and Travel
) 2018
Time
Travel Time A travel time index is a measure of average travel conditions thi KPMG 2021, UAM
Index demonstrates how much longer, on average, travel times are dt  Geomatics 2021,

congestion compared to light traffic. The higher the travel time Joby 2021, Booz
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Category Variable Variable Description Variable Reference

index, the greater the likelihood for AAM services to be Allen Hamilton
Congestion competitive in the region. 2021
_?_?rgeTravel Airport to Trips that connect city centers to airports will be a fundamental
. market segment for AAM. This segment, refdrte as the airport
Central Business . i, ? . Booz Allen
District Drive shuttle, will be most competltlve_wnh vehlcu_lar modes of transp: Hamilton 2018
Time wh_en _I(_)ng_er drive times from
business district exist.
Heliports Per UAM Geomatics
Capita The greater thaumber of heliports or airports per capita, the mo 2021, Joby 2021,
Airports per opportunities for existing infrastructure to support AAM services Booz Allen
Capita Hamilton 2018
Presence (or not) of ClassMrspace in MSA (binary)The
Markgt | presence of Class B airspace in a region indicates congestion
Readiness /CAI.ass B creates ATC clearance requirements for AAM services that limit ~ FAA Input 2021
Irspace operating locations. Such requirements may be particularly
encumbering for airport shuttle and Riicontexts.
Class G AAM services are anticipated to primarily occupy Class G airspi
Airspace If this airspace is highly congested within a region, it will limit the ~ FAA Input 2021
Congestion numberof AAM trips that can be undertaken.
Market o Puplip or private sector invegtment in AAM infrastru.cture and
Readiness Existing policies ca_matalyzeAAM activities. The greater the investment,  FAA Input 2021
Investment the more likely AAM services are to take hold in a region.
Existing Airport Short Shorthaul airport trips carrying passengers Ie_ss than 150 miles_ UAM Geomatics
ShortHaul  Haul Market demons_trate markets that are conducive to a_ur travel and are wi 2021, Joby 2021,
Market Stability the maximum range of AAM passenger service. These markets Booz Allen
(<150 miles) offer growth opportunities for AAM passenger trips. Hamilton 2018

Source: ASSURE Research Project A36 | North Carolina State University and Mississippi State University, 2022

These variables can be grouped into categories of urban structure, economic scale, congestion and
travel time, market readiness, and existing shartl demand characteristics. Using these
variables, a site suitability analysis was undertaken to deriveenthe most opportune market
locations for AAM passenger services are within the US.

2.3.1.1 Market Conditions Data & Methods

The variables used to describe market conditionadeanced passenger mobilggrvices were
derived from a variety of existing sources and also included novel datasets created by the A36
research team. In some instances, datasets required preprocessing and jpiSidgémgraphies.

All variables required scaling prior to weightiagd final suitability calculations.

Eleven of the variables have a positive relationship with AAM market activities, meaning the
greater the extent of their influence, the more favorable the AAM market for OEMs. These
variables are considered AAM marldztvers, and they include: population density, polycentrism,

the presence of Fortune 1000 companies, gross regional product, average time to work, travel time
index, the airport to central business district drive time, heliports per capita, airportpip@; ca
existing public and private sector investment, and airploorthaul market stability. Within the

13 variables, there are two (2) variables that operate as AAM market barriers and their presence
has a negative relationship with AAM market activiti€eese variables include: the presence of
Class B airspace (regulated airspace by commercial airports) and the level of Class G airspace
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congestion (unregulated airspace in which AAM missions are likely to oc¢arjable data,
sources, preprocessing,castandardization techniques are providedable2.12.

Variable

Table2.12 Data Details for Site Suitability Analysi&ariables.

Data Source

Preprocessing

Standardization

Average population

in MSA

SanzGracia (2014)

Population er square mile in U.S. Census Bureau None required Min-Max Continuous

Density Ens Aq (2019) q (1 = highest density)

. Count of distinct Arribas-Bel and . Min-Max Continuous
Polycentrism | employmententers None required

(1 = most centers)

Fortune 1000

Count of Fortune

Spatially join headquarters point

Min-Max Continuous

G airspace in MSA

1000 company Fortune (2021) (1= most
Presence headquarters in MSA to MSA features headquarters)
GRP per Gross domestic Min-Max Continuous
Ca i?a product of MSA per | BEA (2019) None required (1= highest
p capita GDP/cap)
Average Average onavay U.S. Census Bureau . Min-Max Continuous
. commute time None required _ -
Time to Work - . (2019) (1= most time)
(minutes) per capita
Index of peak period
Travel Time | travel time to free Spatially join Urban Area feature| Min-Max Continuous
Index flow conditions in Schrank et al. (2021) to MSA features (1= highest Index)
MSA
Drive time in freeflow conditions
Estimated driving is estimated using Google Maps
Airoort to time in freeflow For MSAs served by multiple
CBB Drive | conditions from Google (n.d.), commercial aports, values Min-Max Continuous
Time commercial airports | gap (2019) reflect a weighted average drivin| (1- most time)
to CentralBusiness time weighted by percentage of
District (CBD) commercial aircraft operations a
each airport
Heliport facility pointsjoined to
Helivorts per | Count of heliports pet MSA, per capita value calculateq Min-Max Continuous
C?a itap cavita in MSX P&l BTS (2020) from total MSA population (U.S. | (1= Most Heliports
P P Census ACS 2019-%ear per cap)
Estimate)
Airport facility points joinedto
Airoorts per | Count of airorts per MSA, per capita value calculateq Min-Max Continuous
ga itet) capita in MSE)A P BTS (2020) from total MSA population (U.S. | (1= Most Airports
P P Census ACS 2019-pear per cap)
Estimate)
Class B Presence (or not) of Intersect Class Rirspace and Binary (1= Class B
Airspace Class B Airspace in | FAA (2021) MSA features to determine exter] Present, 0 = Not
P MSA (binary) of coverage. Present)
Class G Average total aircraft Rasterize GLARE Class G hourg Reverse MiAMax
Airspace operation hours per FAA (2021) in zip code data; use zonal Continuous (1=
Congpestion square mile in Class statistics to calculate average tof Fewest hours in

hours for MSA features

Class G)
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Variable

Data

Data Source

SMG Consulting

Preprocessing

Standardization

Discrete, Cumulative

flight distances of
less than 150 miles

rvate | Headquarers Cry | GOZDNASA | e o sa | (L0 or each Launch
Investment Iocatigns y (2021), Wichita State featu?es P City, 0.5 for each
University (2021) UAM Headquarters)
Using all flights to all airports
(2019) with ASPM metrics
ﬁioﬁtn;ﬁ\?;lg ;n%f calculate distance between[D
Airport Short dg arture points pairs and filter to select routes | Min-Max Continuous
Haul OD witElin MSAF\)for total FAA (2021) shorter than 150 miles. Convert | (1= Most arrivals and
<150 Miles Line segmets converted to pointy departures)

(corresponding to arrival and
departure location) and spatially
join points to MSA features.

2.3.1.2 Suitability Analysis Results

The research team used the Simple Mattribute Rating Technique (SMART) to develop
suitability scoregor the 100 mospopulous MSAs in th&S. Using this approach, each MSA was

given a final score using the weighted average of standardized marketaroatiributesWeights

assigned using the SMART model reflect the relative importance of each variable to the decision
maker. The research team calibrated variable weights by emphasizing market characteristics of
UAM launch cities. he final set of varidles and weights, referred to as the Base Scenario, is

shownin Table2.13.

The Base Smario holds urban structure, readiness, and economic scale as the highest weighted
categories. This scenario also balances factors reflecting market size and economic scale with

operational constraints inherent to those contexts. The Base Scplaaas significantly more

emphasis on polycentric urban form (which indicates the quantity of distinct destinations within a
metro area for air taxis) than existing shioaul flight denand. Additional scenario analyses that
emphasize other variable categories are discussed in the following section and in the appendix. For
each scenario, the research team used rank ordered centroid (ROC) weights, an approximation of
factor weight based ofactor importance rank, to guide weights applied to variable categories

(Goodwin & Wright, 2003).

Table2.13. Site Suitability Analysis Variable WeightindgBase Scenario

Category ‘ CategoryWeight Total H Variable ‘ Variable Weight
Population Densi 15.0
Urban Structure 35.0 P hd
Polycentrism 20.0
Fortune 1000 Presence 5.0
Economic Scale 15.0 .
GDP per Capita 10.0
Average Time to Work 2.5
Congestion 7.5 Travel Time Index 2.5
Airport to CBD Drive Time 2.5
Heliports per Capita 5.0
Readiness 325 P P P
Airports per Capita 10.0

70



Category CategoryWeight Total H Variable Variable Weight

Class B Airspace 2.5

Class G Airspace Congestion 5.0

Public & Private Investment 10.0

Existing Demand 10.0 Airport ShoréHaul OD <150 Miles 10.0

Under the assumptions provided for the Base Scenario, the MSAs in the US that have the most
suitable market conditions for AAM passenger market development are shdahle®.14.

Table2.14. Most Suitable MSAs for AAM Passenger Servicddase Scenari(ASSURE A36, 2022).

Rank Name Score
1 New York-NewarkJersey City, NYNJ-PA Metro Area 74.13
2 Los AngelesLong BeachAnaheim, CA Metro Area 66.23
3 DallasFort WorthArlington, TX Metro Area 39.27
4 BostonCambridgeNewton, MA-NH Metro Area 36.00
5 San Jos&SunnyvaleSanta Clara, CA Metro Area 34.22
6 OrlandoKissimmeeSanford, FL Metro Area 33.92
7 Detroit WarrenDearborn, MI Metro Area 32.73
8 Miami-Fort LauderdalePompano Beach, FL Metro Area 32.67
9 San Francisc®aklandBerkeley, CA Metro Area 31.81
10 Columbus, OH Metro Area 31.73
11 MinneapolisSt. PaulBloomington, MNWI Metro Area 31.15
12 ChicagoNaperville-Elgin, IL-IN-WI Metro Area 30.73
13 BridgeportStamfordNorwalk, CT Metro Area 28.41
14 WashingtorArlington-Alexandria, DGVA-MD-WV Metro Area 28.29
15 HoustonThe WoodlandsSugar Land, TX Metro Area 27.83
16 RiversideSanBernardineOntario, CA Metro Area 26.82
17 PhiladelphiaCamderWilmington, PANJ-DE-MD Metro Area 25.16
18 IndianapolisCarmetAnderson, IN Metro Area 24.96
19 SeattleTacomaBellevue, WA Metro Area 24.82
20 Allentown-BethlehemEaston, PANJ Metro Area 24.45
21 AtlantaSandy Spring#\lpharetta, GA Metro Area 24.06
22 Madison, WI Metro Area 23.73
23 ProvidenceWarwick, REMA Metro Area 23.64
24 PoughkeepsitlewburghMiddletown, NY Metro Area 23.57
25 Hartford-East HartfordMiddletown, CT Metro Area 23.10
26 Pittsburgh, PA Metro Area 23.05
27 Wichita, KS Metro Area 22.81
28 PortlandVancouverHillsboro, ORWA Metro Area 22.73
29 ClevelandElyria, OH Metro Area 22.72
30 Milwaukee- Waukesha, WI Metro Area 22.43
31 Buffalo-Cheektowaga, NY Metro Area 22.29
32 TampaSt. Petersbur@learwater, FL Metro Area 22.12
33 AustinrRound RockGeorgetown, TX Metro Area 22.08
34 San DiegeChula VistaCarlsbad, CA Metro Area 22.07
35 OxnardThousand Oak¥entura, CA Metro Area 21.45
36 HarrisburgCarlisle, PAMetro Area 21.10
37 Baton Rouge, LA Metro Area 20.96
38 DenverAuroraLakewood, CO Metro Area 20.90
39 Virginia BeachNorfolk-Newport News, VANC Metro Area 20.87
40 New OrleansMetairie, LA Metro Area 20.76
41 Toledo, OH Metro Area 20.72
42 Baltimore ColumbiaTowson, MD Metro Area 20.71
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Rank Name Score
43 Albany-Schenectadyfroy, NY Metro Area 20.66
44 Urban Honolulu, HI Metro Area 20.57
45 YoungstowRWarrenBoardman, OFHPA Metro Area 20.39
46 Kansas City, MGKS Metro Area 20.39
a7 Oklahoma City, OKMetro Area 20.38
48 San AntonieNew Braunfels, TX Metro Area 20.35
49 New HaverMilford, CT Metro Area 20.23
50 PhoenixMesaChandler, AZ Metro Area 20.19
51 Nashville-Davidsonr-Murfreesbore-Franklin, TN Metro Area 20.18
52 DaytonKettering, OH MetroArea 20.09
53 RaleighCary, NC Metro Area 19.80
54 SacramentdrosevilleFolsom, CA Metro Area 19.74
55 OmahaCouncil Bluffs, NEIA Metro Area 19.68
56 Tulsa, OK Metro Area 19.16
57 CharlotteConcordGastonia, NESC Metro Area 19.09
58 GrandRapidsKentwood, MI Metro Area 19.03
59 Richmond, VA Metro Area 19.00
60 Jackson, MS Metro Area 18.56
61 Little Rock-North Little RockConway, AR Metro Area 18.54
62 Rochester, NY Metro Area 18.50
63 Scrantor-Wilkes-Barre, PA Metro Area 18.41
64 Stockton, CA Metro Area 18.36
65 Akron, OH Metro Area 18.27
66 Boise City, ID Metro Area 18.25
67 Cincinnati, OHKY -IN Metro Area 17.90
68 Louisville/Jefferson County, KN Metro Area 17.81
69 BirminghamHoover, AL Metro Area 17.59
70 Modesto, CAMetro Area 17.54
71 Worcester, MACT Metro Area 17.45
72 Cape CorafFort Myers, FL Metro Area 17.42
73 Lancaster, PA Metro Area 17.36
74 Des MoinesWest Des Moines, IA Metro Area 17.24
75 GreensbhoreHigh Point, NC Metro Area 17.22
76 LakelandWinter Haven, FL Metro Area 17.16
77 St. Louis, MGIL Metro Area 17.14
78 Springfield, MA Metro Area 17.08
79 GreenvilleAnderson, SC Metro Area 16.60
80 Syracuse, NY Metro Area 16.40
81 Chattanooga, TMGA Metro Area 16.25
82 Knoxville, TN Metro Area 16.21
83 Colorado Springs, CO Metro Area 16.04
84 AugustaRichmond County, GASC Metro Area 15.88
85 Fresno, CA Metro Area 15.81
86 Bakersfield, CA Metro Area 15.74
87 Jacksonville, FL Metro Area 15.67
88 Memphis, TNMS-AR Metro Area 15.39
89 CharlestorNorth Charleston, SC Metro Area 15.31
90 Columbia, SC Metro Area 14.75
91 Palm BayMelbourneTitusville, FL Metro Area 14.49
92 Las VegasHendersofParadise, NV Metro Area 14.41
93 El Paso, TX Metro Area 14.02
94 Tucson, AZ Metro Area 13.55
95 Salt Lake City, UT Metro Area 13.55
96 North PortSarasoteBradenton, FL Metro Area 13.42
97 McAllen-EdinburgMission, TX Metro Area 13.28
98 Albuquerque, NM Metro Area 12.98
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Rank Name ‘ Score

99 Prove-Orem, UT Metro Area 12.27

100 OgdencClearfield, UT Metro Area 10.66
Source: North Carolina State University and Mississippi State University, 2022 | ASSURE Project A36

Thesite suitability analysis is a first step to gauge where AAM passenger market development is
most likely to occur in the USAnalysis results are mappedkigure2.16. Suitable locations are

shown in blue color gradation with the darkest hues being most suitable for AAM development.
Of theeight AAM launch cities identified in Section 3.1, seven are found in the top ten ranked
metros in the Base Scenario, and the eighth, Minneapolis, is ranked eleventh in the Base Scenario.
Three of the four OEM headquarters locations identified in Sectibar@ found adjacent to the

top ten ranked metros in the Base Scenario. Lake Nona is found withdrlHreloKissimmee

Sanford, FL Metro Areaand Marina and Mountain View are located in the vicinity of Sas
JoseSunnyvaleSanta Clara, CA Metro Are&oinciding with the Base Scenario analysis, market
penetration has been assessed using a Bass diffusion (nedéass Rodel Analysts on page

77).
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Figure2.16. Site Suitability Analysis Results (ASSURE A36, 2022)
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2.3.1.3 Additional Suitability Analysis Scenario Development
The Base Scenario represents a blended emphasis on urban structure and readiness categories.

Variables in the readiness category primarily exhibbdva negative correlation with variables in

the urban structure category (see Appendix Section 5.2), though the strength and direction of
correlation varies. This scenario can therefore be thought of as balancing the inherent benefits of
market scalewitb per at i onal <c¢chal

To examine the model 6s
scenarios that focus emphasis on each of the categories listedla2.11. The full results of
these additional scenarios are provided in Appendix Section 5.2.1. Among the scenarios analyzed,
the Infrastructure Readiness Scenario resulted in théegtedosolute value of rank changes among
the top 25 highest ranking metro areas in that scenario. This scenario emphasizes variables in the
readiness category and deemphasizes variables in other categories in comparison to the Base
Scenario. Because theadiness category includes variables that tend to have a moderate negative

correlation with population density, many of the metropolitan areas that increase in rank under the

Infrastructure Readiness paradigm are smaller metropolitan areas. Many are locatiee
periphery of some of the

per si st

diminished. Examples

but structur al

|l enges

sensiti

ari si

vity

countryodos
factor s I

Apusho

include metropolitan areas ceste on Bridgeport,

ng i n

argest

Allentown,

t he
to weighti

k e

Poughkeepsie, Oxnard, and Stocktdihe top 25 highest ranking metros in the Infrastructure
Readiness scenario and their rank changes relative to the Base Scenario are repainted. irb.

Table2.15. Most Suitable MSAs for AAM Passenger Servie#sfrastructure Readiness

Scenarid ASSURE A36, 2022).

Rank

Change

from Base
Scenario

1 New York-NewarkJersey City, NYNJ-PA Metro Area 72.01 0
2 Los AngelesLong BeachAnaheim, CA Metro Area 57.54 0
3 BridgeportStamfordNorwalk, CT Metro Area 44.77 +10
4 DallasFort WorthArlington, TX Metro Area 43.92 -1
5 SanJoseSunnyvaleSanta Clara, CA Metro Area 43.07 0
6 Columbus, OH Metro Area 42.29 +4
7 AllentownBethleheraEaston, PANJ Metro Area 41.07 +13
8 Poughkeepsi®&lewburghMiddletown, NY Metro Area 40.47 +16
9 OxnardThousand Oak¥entura, CA Metro Area 40.46 +26
10 BostonCambridgeNewton, MANH Metro Area 39.91 -6
11 RiversideSan Bernardin®ntario, CA Metro Area 39.64 +5
12 OrlandoKissimmeeSanford, FL Metro Area 38.53 -6
13 San Francisc®aklandBerkeley, CA Metro Area 37.95 -4
14 AustinrRoundRock-Georgetown, TX Metro Area 37.58 +19
15 HoustonThe WoodlandsSugar Land, TX Metro Area 37.42 0
16 ChicageNaperville-Elgin, IL-IN-WI Metro Area 37.29 -4
17 MinneapolisSt. PaulBloomington, MNWI Metro Area 36.90 -6
18 Modesto, CA Metro Area 36.74 +52
19 Stockton, CA Metro Area 36.31 +45
20 PortlandVancouverHillsboro, ORWA Metro Area 36.24 +8
21 Baton Rouge, LA Metro Area 35.91 +16
22 IndianapolisCarmelAnderson, IN Metro Area 35.90 -4
23 Miami-Fort LauderdalePompano Beach, FL Metro Area 35.71 -15
24 San AntonieNew Braunfels, TX Metro Area 35.21 +24
25 Oklahoma City, OK Metro Area 34.74 +22
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2.3.2 Potential Size and Growth of the UAM Passenger

Market Methods for Estimating AAM
Estimating the demand and growth potential of AAM  PassengeDemand
marketsis important forseveralreasonsFirst, the public AConduced asite suitability

sector needs to be fully aware of the potential size and analysis to determine most
growth of AAM to Aunl ockoSUBHEMSASIrAAM, nn e o9 gr o
opportunities through changes in legislation or regulation. passenger mobility.
For example, aircraft certification protocols, airspace ACompleted a metanalysis of
regulations, and fhlic space and privacy laws all require ;n:‘gge;i:/‘fgf:ﬁgrsgffg:’enciﬁfgo f‘
reevaluation and firuning to enable AAM market R
developmentSecond, understanding the potential demand . :

: . S AThe UAM Geomatics online
for AAM helps private sector investments aircraftand e TeE v e, e US
infrastructuredevelopment. Finally, estimating the market  §ata were extracted.
size, de_mand, a_nd growth potential of AArMarketshelps e b dlliveiem mratein
thepublic and private sectsunderstand the potential scale  ;jigned with study supply and
of economic impact oexternalities associated withAM , demand side parameters to
such as changes in employment, the berizironment, estimate demand over time.

equity, and quality of life impac{&oyal et al., 2021).

Forecasting demand can bleallenging, as service utilization will depend on the convergence of
several factors, such as community acceptance, safety, social equity, regulatory adaptation, and
infrastructure investmentWhile numerous societal concerns have been raised about these
approaches (e.g., affordability, safety, privacy, multimodal integration, etc.), AAM has the
potential to offersubstantive enhancemeifivs passenger mobilitgGoyal et al., 2021)

Several markiestudies forecast the emergence of AAM passenger services within the decade.
UAM Geomatics (2019, 2020, 202tpnductedthree market studiesexaminingmore than 70
global cities Their studies usealmetanalysis approachefistingwork coupled with anaalytical
forecasting model that included variables sasltity demographics, infrastructure costs, aircraft
and supply chaifactors demand assumptiorsnd community and regulatory constraints. e
studesestimate alobal market potential 0$233 hilion to $318billion in 2040.Another study

by Porsche Consultin(018) estimatesa global demand for 23,000 eVTOL aircraft in 2035.
Meanwhile, a market analysis by KPM@019), estimates that air taxis could have upwards of
400 million enplanements regsentingfour percentof domestictrips by 2050.Furthermore, a
study by Deloitte (20219stimates that the US AAlhssengeamarket will be valued &858 billion

by 2035.

Market forecastsgliffer because of variations in study scope and assumptionsasuggography,

timeline, market segmentation, the inclusion of military applications of VTOL airceaft the

treatment of macroeconomic variables like the COMBD pandemic (Goyal et al., 202The

onset of the global COVIEL9 pandemic has notably altdréhe trajectory of the AAM passenger

mar ket, and variati ons i €COWRxI Radated impactean &AM s ar e
Passenger Mark&t o n 45fax moee discussion on the pandemic and AAM market viability.

2.3.2.1 UAM PassengeDemand Forecasting Approach
Forecasting the potential size and growth of advanced passenger mobility markets requires an in
depth understanding of a number of key factors that affect supply and demand. To fully understand
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these constraints, the research team gotadl a comprehensive literature review, in which more
than 100 journal articles, market anagsindustry reports, databases, and other resources were
analyzed. The literature and data review resulted in a set of ssiplplyand demanside criteria

that affect AAM passenger market size and potential growth. These criteria include demand
constraints such as public acceptance, regulatory barriers, cost and service characteristics in
comparison with other travel options, and supgilje constraints such aisting airports,
heliports, vertiports, and other ground infrastructure.

As di s c u sTargad Markats anchSuitalfie Market Conditions s e the riesearch team
leveraged a site suitability analysis from the ASSURE A36 project team that uses 13 geospatial
variables as sitgelection criteria to identify the top 100 most suitable markets for advanced
passenger mobility (sdggure2.16 for site suitability analysis results).

With the suitable markets identified, estimates of demand need to be created to understand the size
and extent of the UAM gssenger mobility market over time. A Bass Diffusion modeling
framework was used for this evaluation.

2.3.3 Bass Model Analysis

The Bass Model analysis section is designed to i) provide more context to the demand estimates
established in the previous sectionshelp gauge uncertainty around these estimates and create
possible low, medium, scenarios for demand, and iii) provide a scalable framework for analyzing
demand from initial UAM implementations and being able to use data from these implementations
to upchte demand estimates. The remainder of the section is organized as follows: First, a general
overview and introduction is given on Bass diffusion modeling. Then there is a discussion of how
the Bass framework can be used to help analyze UAM demandocags is outlined for taking

initial city-level demand estimates and then utilizing diffusion modeling to create bounds for these
estimates and explore different scenarios. Procedures are developed to help translate current
demand estimates into estimatBr metro areas starting in later periods and for combining
different estimation scenarios.

2.3.3.1 Overview of the Modeling Approach

Diffusion models are used to model the growth of new products and services upon market entry.
In these situations, conventiorfatecasting techniques are of limited use due to the lack of data.
The overall idea behind diffusion modeling is that sales growth for new products and services often
follows predictable patterns. By fitting functional forms of these patterns and tparageters,

one can predict future sales growth of a new product or service.

The Bass model (Bass, 1969) implemented in this project is a widely used functional model for
diffusion analysis. Overall, the model aslogistictype model, with slow initial gpwth as a
product gains traction among early adopters. As sales increase, network externalities take effect
(Kauffman, McAndrews, & Wang, 2000) and the installed base begins to drive new sales. As the
market becomes saturated, cumulative adoption reaghpsak and the growth in market
penetration begins to slow (Golder & Tellis, 2004).

The formulation for the Bass model (Bass 1969), given as a differential eqpatiportional
hazardmodel Kumar and Klefsjo, 1994is stated in (1).
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fO/1-FO1 = p + qF(1) (1)

Here Q0 is the proportion of new adoptions at timé®@,0 is the cumulative proportions of
adoptions, p is the coefficient of innovation, and q is the coefficient of imitation. The coefficient
ofinnovation is a measure of the salesduetpr oduct fi nnovat idvaetage ss o a
over existing products or services. The coefficient of imitation is a measure of sales due to the
current installed base and possible network externality effects.

Extensions to the Bass model includes thariants of the Bass model that include marketing
decision variables such as advertising and price (Satoh, 2021), model competition with other
productse.g., (Mahajan et gl1993 Seol et al., 2012), and account for consumer heterogeneity
(Bemmaor & Lee2002).

In the context of this project, the Bass model is used to predict the market penetration for UAM
services in a range of metropolitan are&ghile the Bass Model was originally formulated for
consumer products it has been widely applieseivices settings, for example new media services
(Seol et al ., 2012), telecommunications ser vi
mobile application services (Kang & Park, 2019), and technology services for baiftde:

pyramid consumer@atcliff & Doshi, 2016). The Bass model is a deméaded model and does

not assume any supply restrictions (Mahajan, Muller, & Bass, 1990). However, given a service
rollout where local supphgide resources are required, supply side restrictionsecarcbrporated

by i ncluding multiple diffusion curves, each
available for the segment of consumers associated with the diffusion curve (Velickovic et al.,
2016). This is the approach taken in this analysit) diffusion curves for individual metros

starting at the estimated deployment dates.

The analysis relies on the demand data gathered in the previous section, but the methodology is
general and could be used to help produce market penetration and size estimates from data gathered
from multiple sources, from estimates of Bass parametersedjafrom previous similar
transportation rollouts (e.g., Mlawi, B & Bradley, 2013), and from parameters derived from
consumesurveys €.g., Mahajan & Sharma, 1986). A variant of the Bass model is employed that,

in addition to the p (innovation) and ignjtation) parameters, also calculates a third parameter, m

(the overall market potential and eventual market saturation point).

Product diffusion in the context of UAM deployment differs from a pure product diffusion scenario

in that t he deddepandson speciid UAkhmfyastructure being created. It may

be that diffusion model estimates include latent demand that is only partially realized once a UAM
service is deployed. To account for this, forecasts can be aggregated as a combirfation of
demand forecasts and delayed demand forecasts, where demand is synched relative to the service
launch date.

2.3.3.2 Running the Bass Model

Annual demand data, collated for the site suitability analysis, detailed in the previous section, and
summarized in fiveyear periodsn Table2.26in the Appendixwere utilized to create Bass model
estimates. The data contain yearly demand estimates for each cit@&#mo 2045.For each

city, Bass model estimates for the p (innovation), q (imitation), and m (market size) parameters
were calculatetbr each metroardar om t he yearly data using the 7
& Kourentzes, 2018)This package @antains a function that gives best fit parameters of p, g, and
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m from the data using likelihood estimation. Commented code for carrying out this procedure is
given inAppendix2.7 Appendix CCodefor Bass Modelingpn pagel39.

The resulting parameters are givenTiable2.16. In the context of this analysis, m is the overall
market potential for the market, calculated from the initial demand data and can be thought of as
a measure of overall market potential if the demeaoatinues on the trajectory determined by the
Bass model curveGiven the differing size of the metro areas, the market -smeparameters
varied quite widely, though there was more consistency in the base diffusion parameters,
particularly in the g (im#tion) parameters.

Table2.16. Bass Coefficients for All Cities.

All Cities \ Basspin  Bassqlm \ Bassm

Los Angeles 0.001718] 0.152374| 25272774.74
New York 0.002630 0.143463) 48543083.78
DallasFort Worth-Arlington 0.000900| 0.175966| 41026852.81
Houston 0.001480 0.152243| 14028673.49
Philadelphia 0.000226] 0.184829 10057899.65
Chicago 0.002469| 0.137974| 22050223.15
Washington, DC 0.003499| 0.120309| 18308321.54
Detroit 0.000010] 0.17625| 8720740.883
Atlanta 0.002591] 0.106727| 12103825.93
Boston 0.000010] 0.220699| 10627127.4
Miami 0.002110] 0.125363) 8119520.024
New Orleans 0.000010] 0.232683| 4314819.463
Denver 0.001766| 0.141571]| 11614767.87
Baltimore 0.001738 0.121676| 8570717.358
Phoenix 0.000947, 0.16089| 12947269.7
Orlando 0.000979] 0.153302| 11092256.38
Hampton 0.000010; 0.245449 4009187.695
Tampa 0.000630] 0.165614| 4195049.741
Columbus 0.000010; 0.212438) 6432710.397
Salt Lake City 0.001602 0.141284| 3256680.589
Cincinnati 0.000010] 0.214433| 6080783.861
Seattle 0.003147| 0.129197| 9951499.287
Cleveland 0.000010] 0.196714) 5975878.004
MinneapolisSt. Paul 0.000010] 0.198289 15355076
Portland 0.000978| 0.315685| 821191.0646
San Francisco 0.004225| 0.073849| 14331432.84
Akron 0.000010] 0.262336| 3487875.185
San Diego 0.001895| 0.142316| 5029392.561
Charlotte 0.001970]  0.14842| 7295827.338
Las Vegas 0.002040, 0.107478) 8397099.642
Dayton 0.000010] 0.263859| 2711468.339
Toledo 0.000225] 0.268587| 2020965.744
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All Cities Basspin Bassglm | Bassm

Reno 0.00199 | 0.132638 176363.8
RaleighDurhamChapel Hill 0.000659] 0.19142| 4973883.468
Syracuse 0.000543| 0.274189| 1527549.622
Wichita 0.000335] 0.302084| 1182524.923
Nashville 0.001563  0.14888| 2396166.785
San Jose 0.005464| 0.093667| 2393330.194

To gauge the range of the parameters, symmetric bootstrap confidence intervals (Hall, 1988) were
created for the parameters using the fAboot o
summarized imable2.17. Confidence intervals were created at three different confidence levels,
90%, 95%, and 99%. Relative to the size of the coefficients, the g (imitation) parameters, with a
95% confidence interval rangingofn 0.15998 to 0.196501, are slightly more consistent than the

p (innovation) parameters, which have a 95% confidence interval from 0.000946 to 0.001757.

Table2.17. Bootstrap Confidence IntervalgrfConfidence Coefficients.

Low- High- Low- High- Low- High-
Parameter Median 90% 90% 95% 95% 99% 99%
Bassplin 0.00133| 0.001006/ 0.001688 0.000946 0.001757 0.000752 0.001897
Bassglm 0.17703| 0.161318 0.193776/ 0.159998 0.196501| 0.152407 0.203139

2.3.3.3 Analysis of BasCoefficients

To further examine the antecedents of the p (innovation) and g (imitation) Bass coefficients,
regressions were run with dbe coefficients as the dependent variables and the metro
characteristics as the independent varialiles.rationale beind carrying out these regressions is

as follows: First, given demand estimates at the city level, the results of regression give more
insight into how the metro area characteristics affect both potential market size and diffusion
characteristics. Secondjiven no previous demand estimates, the regressions can be used to
estimate Bass coefficients (scaled or unscaled) to create demand estimates. Third, once UAM is
deployed in the first metros and real diffusion data are available, the regressions aosdd be
incrementally improve parameter estimation and estimate parameters for future UAM metro
deployments.

The metro population and the constituent variables of the SSA index were included as candidate
independent variables. For each of the regress@oforward stepwise regressioropedure (e.g.,
Hendersor& Denison, 1989yas used. At each stage variables that gave the bestincrease in model
fit were added until the model fit could no longer be impro(gehdel & Afifi, 1977) To give
meaningful alues of coefficients (i.e., > 0.00 to 3 significant figures), the Bass parameters were
scaled, with each of the parameter values multiplied by 1000 for p (innovation) values and by 100
for g (imitation) values. The resulting model for the p (innovatiag}dr is given infable2.18.

Here, the significant variables at p < 0.01 &B®2- GDP per Capitg+ve), R1 - Heliports per
Capita(-ve), R3- Class B Airspace (Present, 1 not presentve), C3- Airport to CBD Drive

Time (+ve), and USt Population Density-ve). The variable C2Travel Time Indexs included

and adds to the overall model fit but is not statistically significant. The model fit was stramg, wit
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R? = 0.854, giving 85% of variance in thpe (innovation) parameters explained by the model.

Overall, the model indicates that richer (GDP per Capita), larger (Class B Airspace and longer
Airport to CBD Drive Time) have higher levels of innovation. Theliplorts per Capita variable

i's significantly negative. As per the ASite ¢
this variable tends to be higher for smaller metros, so this is another indicator that larger metros
have higher degrees ofriavation.

Table2.18. Regression of Bass p (Innovation) Coefficients Against SSA Variables.

Basspin
Predictors Estimates Cl p
(Intercept) -7.52 -18.261 3.23 0.163
ES2- GDP per Capita 0.03 0.0271 0.05 <0.001
R1 - Heliports per Capita -92076.64 -124296.97 -59856.30 <0.001
R3- Class B Airspace (1 not preser -0.74 -1.2371 -0.26 0.004
C3- Airport to CBD Drive Time 0.03 0.017 0.06 0.002
US1- Population Density -0.00 -0.0071 -0.00 0.002
C2- Travel Time Index 6.96 -3.4471 17.36 0.182
Observations 36
R?/ R? adjusted 0.854/0.823

To help validate the estimates, the regression was tested for multicollinearity, by calculating
Variance Inflation Factors (VIFs). No significant multicollinearity was found, with all VIF values

being less than 5 (e.galmeroret al., 2018) Residual [ots for the regression are givenHigure

2.17. The residuals are relatively constant with respect to the fitted values, which indicates a
degree of homoscedastici The normal Quantit®Quantile (QQ) plot shows a relatively tight fit

of the residuals to those expected with the normal distribution. Thus, the regression assumptions

of normal, homoscedastic errors hold. The leverage plot does not show anysesidualt h a Co 0k
distance greatexook,1977)than 0.5 or 1, indicating no overly influential observations.
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Figure2.17. Regression of Bass p (Inndie@n) Residual Plots.

The resulting model for the g (Imitation) parameter is givehahle2.19. Here, the significant
variables at p < 0.01 are heliports per capita (+ve) and clagsjgeaé not present (+ve). Atp <

0.05, airports per capita (+ve) and population density (+ve) are significant. Average time to work
(-ve) andGDP per Capitdé-ve) add to the model fit but are not statistically significant at p < 0.05.
The overall R is 0.766, which is a little lower than for the (innovation) parameter, but still
indicates a high degree of variance accounted for in the model. There is less overall pattern than
for the p (innovation) parameter, though most of the significant indicggboster average time to

work, more heliports per capita and no class B airspace) align with smaller metro areas. It may be
that while smaller metros have |l ess fAinnovat.i
network affects are more pronared due to stronger, more compact social ties in smaller metro
areas.
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Table2.19. Regression of Basg(Imitation) Coefficients Against SSA Variables

Bassqlm

Predictors Estimates Cl p

(Intercept) 22.41 8.721 36.09 0.002
R2 - Airports per Capita 106619.72 10903.78 202335.67 0.030
C1- Average Time to Work -0.42 -0.9371 0.08 0.099
USL1- Population Density 0.00 0.007 0.01 0.024

R1- Heliports per Capita 290856.86 108646.96 473066.76 0.003

R3- Class B Airspace (1 not preser  5.90 2.4871 9.32 0.001
ES2- GDP per Capita -0.05 -0.117 0.01 0.119
Observations 36

R?/ R? adjusted 0.766 /0.717

As with the previous regression, the regression coefficients were tested for multicollinearity and

all VIF values were found to be less thanPesidual plots for the regression are giveiable

2.19. As per the graphs for the previous regression, the residuals are relatively constant with

respect to the fitted values and normaQQ(lot shows a good fit, so the regression assumptions
of normal, homoscedastic ersdnold. Again, the leverage plot does not show any residuals with
Cookbs distance greater than 0.5 or

a

1,
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Figure2.18. Regression of Bagg(Imitation) Residual Plots

2.3.3.4 Overall Forecasts and Whatlf Analysis

The example demand data for the Bass analysis were adapted from UAM Geo2GRits, (
2021b) website. These data assume demand starting in 2022 for all metros. However, most of
this demand in the itial years of the analysis will remain untapped due to UAM requiring farge
scale investment and infrastructure development from one or more commercial providers before
any commercial passenger service can take place. In the previous section, it wasdlasoy

the implementation date of UAM was estimated for each of the metro areas. Given a situation
where the actual implementation of UAM occurs several years after the start of diffusion demand
estimates, it is likely that the demand will be somewhetereen two poles:

1 The demand in the year of implementation will be the same as the demand estimated for
the first year of demand estimate (in this case 2022).

1 Given the growth in latent consumer demand, the demand in the first year of
implementation willbe equal to the demand estimated for this implementation year.

For example, it is estimated that the initial implementation of UAM in Dallas will be in 2028. It

is likely that demand for Dallas in 2028 will be intermediate to the forecast demand in iDallas
2022 and the forecast demand in Dallas in 2028. To account for this issue, a scaling constant was
used. Let this scaling factbrbe the proportion of demand that is taken from the delayed demand,
i.e., the original predicted demand for the firstryebforecast and lgp _ be the proportion of
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demand taken from the current year estimate of demand. Using the example, let the Originally
Predicted Demand (OPD) in Dallas in year Y be @QPIrhe Aggregate Predicted Demand (APD)
in Dallas in year 2028an be calculated &8)

500 6500 p _G600 . 2)

A spreadsheet tool was developed in Excel to help produce estimates of future demand for UAM
using Bass model simulations and analysis. A screenshot from the spreadsheet isKigtee i

2.19. Estimates were created for different valuepahdg. The final demand estimate is created

as a usedefined mixture of the differeminovation/imitation scenarios. This allows for different
estimates under different data scenarios and also for -iwhatalyses across different
parameterizations of the Bass model. Each metro area has a start date for estimated UAM
implementation. lis likely that these will change as commercial UAM providers alter plans, enter
new markets, and leave markets.

C E F G H | J K L M
1 |City 2022 2023 2024 2025 2026 2027 2028 2029 2030
2 |Los Angeles 36635.53 80285.23 132260.1 154102.6 267622.3 354933.5 458496.1 581156.1 726184.5
3 |New York 70368.27 134209.1 234040.7 372825.7 514039.8 631744.2 880663.8 1116265 1394830
4 |Dallas-Fort Worth-Arlington  59472.71 130332 214705.9 315098.8 434447.8 576185.5 744305 943426.5 1178860
5 |Houston 20336.03 44565.56 73416.3 107744.5 148554.6 197020.2 234506.8 322554.1 403098
& |Philadelphia 14579.98 31951.41 52636.04 77247.75 106506.6 141254.2 1824694 231284.8 285002.3
7 |Chicago 315964.1 70043 115395.5 169352.5 233497.6 309675.7 400032.9 507052.4 633588.1
8 |Washington, DC 26539.82 58160.92 95812.99 140613.5 193873.3 257124 332147.7 421006.1 526068.8
9 |Detroit 12641.62 27703.59 45638.28 66977.96 92346.99 122475 158210.8 200536.4 250580.6
10 |Atlanta 17545.76 38450.8 63342.99 92961.09 128171.7 1699374 219586.4 278331.6 347789.7
11 |Boston 15405.13  33759.7 55614.98 81619.59 112534.4 149248.5 192796.3 2443744 3053584
12 [Miami 11770.09 23793.67 42491.91 62360.4 B85980.46 1140314 147303.5 186711.1 233305.2
13 |New Orleans 6254.781 13707.09 22580.76 33139.13 45691.14 60597.78 78279.02 99220.75 1239814
14 |Denver 16836.82 36897.19 60783.6 B89204.97 12299529 163119 210714 267085.6 333737.2
15 |Baltimore 1242415 27227.01 44853.16 65825.73 90758.34 120368.1 155483.1 197086.6 246269.8
16 |Phoenix 18768.42 41130.21 67756.98 99438.99 137103.2 181832.8 234888.1 297726.9 372025.1
17 |Crlando 16079.38 35237.3 58049.14 B85191.92 117459.8 155730.8 201234.6 255070.2 318723.4
18 |Hampton 5811.736 12736.18 20981.29 30791.79 424547 56305.46 72734.28 92192.64 115199.5
18 |Tampa 6081.163 13326.62 21953.97 32219.27 44422.86 358915.72 76106.17 96466.6 120540
20 |Columbus 9324.886 20435.1 336604.32 49405.18 68118.23 90341.67 116701.6 1479224 134336.6
21 |5alt Lake City 4720.899 10345.65 17043.2 25012.3 344386.14 45737.17 39082.27 74888.48 93577.02

Figure2.19. Example Bass Output: Median p/Median g.

The following data scenarios were incldda the initial version of the spreadsheet. These utilized
the bootstrap confidence interval estimates for the innovation p and imitation q parameters
summarized iMable2.17. The data scenarios are given below:

1 Original Data: The data gathered for the analyses in the previous section, primarily from
the UAM Geomatics website (UAM Geomatics 2021a, 2021b).

1 SmoothedCurve: The original data were smoothed by calcglB&ss parameters on the
original data and then creating predictions based on these parameters, with demand for
each metro area being predicted using the Bass parameters calculated for that metro area.
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1 MedianpgCurve: Demand data were calculated using tdian values of the p and g
parameters calculated across all metros, but with the market size m parameter calculated
for the specific metro.

1 LowpLowqCurve: Demand data were calculated using the lower bound values of 95%
bootstrap confidence intervals dext/ for the p and q parameters calculated across all
metros, with the market size m parameter calculated for the specific metro.

1 LowpHighqCurve: As LowpLowqCurve above, but the upper bound value of the 95%
confidence interval is used for g.

1 HighpLowgCurve:As LowpLowqCurve above, but the upper bound value of the 95%
confidence interval is used for p.

1 HighpHighqCurve: As LowpLowgCurve above, but the upper bound value of the 95%
confidence interval is used for both p and qg.

The macro for merging estimatesssind on t he ARunodo sheet of th
has several setup parameter s. These par amet
button creates the demand estimates. A screenshot of the configuration information is given

in Figure2.20. While the six worksheets listed above were included in the initial spreadsheet,

it would be possible to include additional estimates, for example by using difsetsrof Bass
parameters, different source data, or different classes of diffusion models, such as Gompertz
and extended Gompertz models (eKyurkchiev & lliev, 2018, Soodet al., 2012 For

example, Bass parameters can be generated using surveyssofers or experts (Mahajan

et al., 1990) and estimates for UAM potential could be created from logit choice models.

A B C D E F
Control Panel
Proportion Delay 0.5
Info Columns

Curve Mixture Run
OriginalData

MedianpgCurve
LowpLowqgCurve 0.5
LowpHighgCurve
HighpLowqgCurve
HighpHighgCurve 0.5

S [
el = R -- RN A= R T, SRR U R

-
W

Figure2.20. Merge Macro Input.

The proportion delay is the previously descrilbedarameter and controls the proportion of the
demand that is taken from the fiygtar demand is calculated relative to the market entry year vs.
the demand calculated for the year assuming no market entry constraints. There is a constraint on

thel parameterinthat | p.

The curve mixture section of the spreadsheet allows a mixture of the different estimates. For
example, it may be that the best estimate is somewhere between one calculated with the individual
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metro parameters and one calculatathvaggregate parameters for p and q, but with specific
market size m parameters.

2.3.3.5 Example for the Los Angeles Metropolitan Area

This section gives an example of creating overall demand estimates for the Los Angeles
metropolitan area.First, Los Angeles deand datdsummarized in the SSA spreadsheet from
20222045 was fitted using the Bass model to create estimates of p (innovation), g (imitation), and

m (market size) parameters. The values of the parameters are (p = 0.001718, q = 0.152374, and
m = 2527274.74). These parameters were used to then create the Bass model demand curves
described in the previous sectidfigure 2.21 contains a plot of annual trips with tleeiginal

demand series, and the smoothed data series, calculated from the derived Bass parameters. There
is a strong concordance between the series, with both series rising from low initial demand to
demand between 7,000,000 and 8,000,000 annual trR34i5.

Los Angeles: Annual Trips
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Figure2.21. Los Angeles Annual Trips for Original and Smoothed Data Series

Figure2.22 contains the smoothathta series, calculated from the Los Angeles Bass parameters,
along with series created with the Los Angeles market size parameter, median p and q parameters,
p and g parameters at the lower bounds of the 95% confidence intervals for the parameters, and p
and g parameters at the upper bounds of the 95% confidence intervals for the parameters. The
smoothed Los Angeles series starts off higher than the series for median p and q parameters (due
to a higher innovation parameter than average), but then tlewes (due to a lower imitation
parameter than average). Both of these series estimate annual demand of around 8,000,000 million
trips in 2045. The low and high series estimate annual demand of just under 6,000,000 million
trips and just over 12,000,0Qfips respectively in 2045. Given a large amount of demand

8 Demand data ikaken fronthat used inthe site suitability analysis, collated frdd#AM Geomaticsand other sources
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uncertainty for both UAM and uncertainty about commercial deployments, these estimates provide
good lower and upper bounds for market planning.

Los Angeles: Annual Trips
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Figure2.22. Los Angeles Annual Trips f@moothed and Aggregate pq Data Series.

Given the current state of commercial deployments as summaniZeble2.27 andTable2.28

in the appendixa start year of 2024 is assumed as reasonable for commercial deployment of UAM
in Los Angeles. The previsly described spreadsheet macro can be used to merge estimates and
to tradeoff different delay scenariogrigure2.22 gives demand scenarios for the smoothed Los

Angeles data series, with different values of the delay propdrtidrhe PropDelayl () = 1 series

uses the estimates for 2022 for 2024, with each subsequent data series taking the estimates from
two years previously. The PropDeldy) € O series assumésat latent increasing demand is met

by the new UAM implementation(s), so the 2024 demand is taken from the original 2024 estimate.
The PropDelayl() = 0.5 series assumes demand in between the two demand points and is an
equally weighted sum of the othisvo series.
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Figure2.23. Los Angeles Annual Trips fdmoothed Data Series and Different Delay Levels.

There is only a small difference between the different seri€gure2.23. This is because the
estimated implementation is only delayed two years from the initial data estimate. For longer
delays, the differences between the series will be larger.

This section ha shown examples of Bass diffusion curves based on the estimated Los Angeles
demand data and has shown how different demand curves can be plotted with different
assumptions regarding diffusion parameters and delayed demand. Any of the curves displayed in
this section could be combined using the curve mixture feature of the associated Excel macro. For
exampl e, the Bass parameters could be Adamped
(e.g., the smoothed series) and one of the aggregate parameter se

2.3.3.6 Bass Modeling Summary

The methodology developed here is capable of synthesizing demand estimates by taking Bass
parameter estimates, calculating demand over time from these estimates, judiciously combining
different estimates of demand, and creatietpyed estimates given information on future UAM
deployments.

There are several limitations to the current analysis. Though the methodology described in this
chapter is general, the demand estimates are based on utilizing a single set of source demand
estimates. The methodology is general and other sources of demand estimates could be utilized,
including demand estimates from other data sources (e.g., KPMG/Booz Allen Hamilton), and from
dedicated statefdreference surveys.

As commercial UAM services k@ not yet been deployed, all estimates are projected, and the
Bass parameters are calculated from these estimates. Once initial implementations are started, it
will be possible to estimate Bass parameters from real data, which will ground the estifih&tes.

| - proportion of delay parameter is used to control the tadfibetween the unconstrained latent
predicted demand assuming no service limitations and initial low demand for services started in
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the future. As with the Bass parameters, it is difficu further tune this parameter until data are
available from reaWorld implementations.

2.3.4 Overall Demand Modeling Findings

Assuming no substantial negative changes in public, regulatory, and political stippafswill

be a leading market fadvance passenger mobilityith forecasted growth in major metropolitan
areas. Similar to other nascent technologies, it is anticipated that AAM passengegswill go
through aslow initial growth periodoeforea phase of rapid growth.

To forecast demanthe research team used UAM Geomatics city demand projections, fitted them
to the top 30 metropolitan statistical areas (MSAs) identified during the outcome of the site
suitability analysis, applied an initial start year of 2024 and phased market groweith das
academic and industry consensus for UAM launch cities, and then fitted demand to diffusion
modeling parameters p, q, and®dsing themedian pq curve resulfsom diffusion modeling'®

it was found that in the year 2045 approximat8b/4 million domestic AAM passenger flight
operations are projected to occur, as showiralne2.20. It is important to note that only 30 of the

100 most suitable MSAs were assumed to have viable advanced passenger mobility operations
through the analysis period (202045) with operations in MSAs beginning at different start
years.

Table2.20. DomesticAAM Passenger Mobility Demand: Number of Flights.

2025 2030 2035 2040 2045

Study 2022

UAM Geomatics (2019)

3,751,150

4,741,210

19,314,830

28,840,730

59,540,300

123,122,360

UAM Geomatics (2020)

1,493,330

4,500,010

16,856,840

30,589,520

63,186,110

119,663,920

UAM Geomatics (2021)

411,980

4,278,290

17,341,850

29,864,320

61,457,850

105,497,210

KPMG (2019)

2,500,000

22,600,000

Booz Allen Hamilton (2018)

20,075,000

3,881,730

15,354,580

40,566,200

85,390,550

ASSURE (2022) -- 295,530

% The site suitability analysis wasnducted to demonstrate the top 100 most suitable domestic locations for advanced
passenger mobility operations. It was assumed that only 30 MSAs would experience viable operations prior to 2046
based on UAM market trajectories reviewed in an extensavkehanalysis (see A36 Work Package Market Analysis

for the 100+ resources reviewed to determine the factors that influence AAM demand). Among these resources,
Hussain and Silver (2021) offered a meaningful guidepost of temporal validation of the AGodiffnodel results,

which estimated demand by MSA over time.

0 The pvariable refers tinnovationand gvariable refers tomitation.
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Figure2.24. Projected Annual Passenger Trips Over Time.

AAM passenger demand and associated ticket revenue are anticipated to be highly correlated to
ticket price. It is expectedhat economies of scale, technological advances, strong market
competition, and the drive to capture market share will be the primary factors that decrease AAM
passenger ticket fares over time (UAM Geomatics, 2021). Once ticket prices fall, AAM passenger
mobility will become more affordable and attractive to consumEable 2.21 shows estimated

AAM passenger mobility ticket prices over tin@oyal et al(2021) ticket prices were estimated

using an average trip length of 26 miles (as estimated by Joby Aviation) and their operational
recoup requirements if one, two, three, and four seats are occupied by passengers and an additional
seat is occupied by alpi. UAM Geomatics (2021) and Blade (2021) prices were available online

and did not require additional cost estimation.

Table2.21 EstimatedAAM Passenger Mobility Ticket Prices Over Time (2022 USD).

Study Type 2022 2025 2030 2035 | 2040 2045

Blade (2021) Helicopter $195 (no data)| (no data)| (no data)| (no data)| (no data)
UAM Geomatics (2021 VTOL or eVTOL $325 $325 $208 $156 $104 $104
VTOL or eVTOL
(one seat filled+ pilot) $296
VTOL or eVTOL
(two seats filled + pilot) | (no data)| (nodata) $220 (no data)| (no data)| (no data)
Goyal et al. (2021) VTOL or eVTOL
(three seats filled + pilot) $182
VTOL or eVTOL
(four seats filled + pilot) $163
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Pairing UAM Geomatics estimated ticket prices by market with passenger demand over time, the
potential size of the US market can be estimated. Cumulative revenue for AAM passenger mobility
is shown inTable2.22 andFigure2.25. Using the team estimates that cumulative revenue will be

$150 million in 2025 and reach $72.48 billion by 2045 (revenue estimates provided in 2022 USD).

Table2.22 Domestic AAM Passenger Mobility Demar@dumulative Revenue (2022 USD Billions).

Study ‘ 2022 ‘ 2025 2030 2035 2040 ‘ 2045

UAM Geomatics (2019) $1.54 $15.85 $34.14 $59.58 $93.23 $155.60
UAM Geomatics (2020) $0.61 $7.17 $24.46 $47.43 $83.14 $143.76
UAM Geomatics (2021) $0.17 $2.97 $19.45 $42.71 $77.47 $130.98
Deloitte (2021) -- $5.00 $17.00 $58.00 -- --
Booz Allen Hamilton (2018) - $2.50 -- -- - -
ASSURE (2022) -- $0.15 $2.70 $10.84 $32.54 $72.48

Cumulative Market Revenue ($US Billions)

§180.0
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§140.0
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§100.0
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$0.0 -
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Delostte (2021) & Booz Allen Hanmilton (2018) —e— ASSURE (2022)

Figure2.25. AAM US Passenger Market Revenue Projections Over Time (Revenue in $US Billions)
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2.5 Appendix A: UAM Passenger Market Supplemental Resources

2.5.1 Direct and Indirect Operational Cost Parameters and Assumptions

Goyal et al. (2021) conducted a comprehensive cost analysis on the direct and indirect operating
costs that original equipment manufacturers need to consider when entering the AAM passenger
market. Table2.23, Table2.24, andTable2.25, contain the assumptions that Goyal et al. (2021)
used for their analysis.

Table2.23. Operational Parameters (Goyal et al., 2021

Element Details / Parameter Assumtions ‘ Min Assumption Max Assumption

Number of Aircraft Seats
(passenger seats = aircraft séal3

Assumption: operation requires pilot 1 5

# of seats occupied by a revenue passen

0, 0, 0,
Load Factor % divided by total # of available seats 50% 80%
Utilization (annual # of flight hours Assumption: 2+ seat aircraft 1000 2000
Utilization (annual # of flight hours Assumption: Zseat aircraft 500 1600
Max Reserve (min) Fllght t!me for the tlme.().ut5|de. of the 20 30
mission time at specified altitude
Deadend Trips % Ratio of nonrevenue trips and total trips 25% 50%

Lateral track inefficiencies equal to the rat
Detour Factor % of actual flight distance divided by great 5% 15%
circle distance between 2 vertiports

Cruise Altitude (ft) For UAM vehicles 500 5000

Time spent during the process of loading
Embarkation time (mins) UAM vehicle with passengers and prepari 3 5
them for takeoff

Time required for passengers to disemba

Disembarkation time (mins) the UAM vehicle after the flight

Degree to which a battery was discharged

0 0,
relation to its total capacity 50% 80%

Battery Depth of Discharge %
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Table2.24. Cost Components for AAM Passenger Market OEMs (Goyal €2G21)

Element Details / Parameter Assumptions Min Assumtion Max Assumption

Vehicle flight (hours) 12k 15k
Capital and Insurance Cost Depreciation Rate (%) 5% 10%
Finance Rate (%) 5% 10%
Battery Specific Energy (Wh/kg) 300 400
Energy and Battery Cost BatteryCa;()gﬁl\%hS)pecmc Cost 200 250
Energy Convetisn Efficiency (%) 90% 98%
Pilot Salary per yeatSS $) 50k 90k
Crew Cost
Ground Crew Salary per yedd$ $) 20k 30k
Cost of one super chargas$ $) 200k 300k
Infrastructure Cost
Cost of ongegular chargeryS $) 10k 20k
Mechanic Wrap Rate ($/hr.) $60 $100
Maintenance Cost i i
Maintenance rr]r:)rirjtrlours per flight 25% 1

Table2.25. Market Development Scenario Comparisons (Goyal et al. (2021)

Elements Assumption
Reduction in Liion battery costs annually until 2025 (USD) $10/kWh reduction

High Network Efficiency- Utilization (supercharging abilities assumed) ~4 hours/day to ~7 hours/day
High Network Efficiency- Load Factor (%) ~65% to ~80%

High Network Efficiencyi DeadEnd Trips (%) ~37.5% t0~20%
Increased penetration rates for the public's willingness to adopt Autonom 0 o

Vehicles from 2025 to 2035 (%) 0.5% to 10%
Calculated increase in telecommuting annually (%) ~10%annual
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2.5.2 UAM PassengeDemand Validationi Cumulative Demand by Location

Table 2.26 shows cumulative demand for uncrewed passenger flights from 2020 through 2045
within each selected US domestic market. For example, in New York City, it is estimated that
more than 140 milliomncrewed passenger flights will occur from the present day through 2045.
Fine-tuning the demand projections from UAM Geomatics (2021), the research team developed
interim estimates of demand from the present day through 2045, as shoalrie2.27 and
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Table2.28.

These

esti mat es

served

as

penetration analysis, which used a bass diffusion modeling framétwork.

gui depost s

Table2.26. EstimatedCity Demand by Phase (UAM Geomatics, 2021).
City Demand by Phase (Cumulative Demand)

20352039 ‘

20202024 20252029 20302034 20402045
Los Angeles 267,720 3,250,000/  10,690,000] 28,970,000 59,560,000
New York 658,850 2,860,000  27,110,000] _ 73,150,000 145,990,000
DallasFort WorthArlington 352,560 3,610,000 12,460,000/ 35,960,000 77,120,000
Houston 131,170 1,780,000 5,460,000] 14,330,000 29,380,000
Philadelphia 87,190 994,450 3,120,000 8,810,000 19,090,000
Chicago 267,870 3,620,000 11,530,000/ 30,120,000 59,850,000
Washington, DC 242,860 3,180,000 10,950,000/ 28,370,000 54,650,000
Detroit 63,220 914,100 2,570,000 6,670,000 14,330,000
Atlanta 107,020 1,730,000 5,290,000] 12,880,000 24,680,000
Boston 82,690 1,190,000 3,120,000 8,160,000 18,800,000
Miami 74,490 1,150,000 3,420,000 8,550,000 16,920,000
New Orleans 40,110 290,250 1,040,000 3,500,000 8,490,000
Denver 110,510 1,620,000 4,850,000/ 12,390,000 24,980,000
Baltimore 62,670 1,000,000 2,960,000 7,280,000 14,470,000
Phoenix 95,720 1,280,000 3,880,000/ 10,260,000 21,480,000
Orlando 72,940 1,060,000 3,090,000 7,960,000 16,560,000
Hampton 34,990 158,130 783,730 3,110,000 7,980,000
Tampa 31,560 442,310 1,290,000 3,370,000 7,080,000
Columbus 62,800 472,670 1,790,000 5,790,000 13,290,000
Salt Lake City 28,370 426,700 1,260,000 3,180,000 6,440,000
Cincinnati 55,010 449,500 1,580,000 5,050,000 11,780,000
Seattle 133,570 1,730,000 5,860,000] 15,350,000 29,930,000
Cleveland 55,230 583,410 1,860,000 5,440,000 11,980,000
MinneapolisSt. Paul 141,970 1,360,000 4,580,000/ 13,570,000 30,580,000
Portland 27,910 416,680 1,280,000 3,220,000 6,340,000
San Francisco 138,470 2,320,000 7,760,000] 18,290,000 32,550,000
Akron 21,200 85,120 561,050 2,540,000 6,900,000
SanDiego 50,770 672,440 2,130,000 5,610,000 11,400,000
Charlotte 50,770 672,440 2,130,000 5,610,000 11,400,000
Las Vegas 60,470 994,380 2,960,000 7,210,000 13,960,000
Dayton 22,270 95,180 467,550 1,970,000 5,320,000
Toledo 72,940 1,060,000 3,090,000 7,960,000 16,560,000
Reno 16,740 218,220 672,900 1,800,000 3,720,000
RaleighDurhamChapel Hill 44,690 348,520 1,370,000 4,290,000 9,580,000
Syracuse 12,540 51,590 245,700 1,090,000 3,010,000
Wichita 10,720 47,080 209,660 865,850 2,330,000
Nashville 22,490 310,370 946,270 2,470,000 5,050,000
San Jose 35,030 508,590 1,790,000 4,420,000 8,060,000
Cumulative Demand 3,848,100]  42,952,130]  156,156,860] 419,565,850 861,590,000

11 UAM Geomatics (2021) demarektimatesare for38 U.S. cities, whereas thA36 market penetration analysis

analyzed30 viable MSAs cormg online from 20242045. MSAs wereletermined from a site suitability analysis.
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Table2.27. AAM Passenger Mobility Flight Demand Over Time by Major and Mid&l&Marke.

Suitability

2025 2026 2027

Score 2024 2028 2029 2030 2031 2032 2033 2034 2035
191,08 | 397,26 1,350,00| 1,590,00| 1,660,00| 1,840,00
New YorkNewarkJersey City, NNJPA 74.13 70,510 0 0 749,820 0 0 0 0 | 3,070,000 | 3,400,000| 3,790,000| 4,240,000
161,43
Los Angelesong BeactAnaheim, CA 66.23 28,650 | 77,650 0 304,960 | 549,670| 675,380| 697,960| 757,720| 1,190,000| 1,310,000| 1,470,000| 1,640,000
OrlandeKissimmeeSanford, FL 33.92 7,970 | 21,610 | 44,920 84,780 | 152,950 | 260,980 | 283,400| 294,320 384,600 413,190 446,220 486,010
Miami-Fort LauderdallPompano Beach, FL 32.67 7,810 | 21,160 | 43,980 83,010 | 149,760 | 246,610| 249,840| 259,150 340,830 366,030 398,000 437,420
DallasFort Worth-Arlington, TX 39.27 662,120 | 686,160 | 715580| 792,650| 1,370,000| 1,530,000| 1,730,000| 1,960,000
BostonCambridgeNewton, MANH 36.00 169,780 | 279,980| 281,150| 284,790 332,260 351,200 376,430 409,850
Columbus, OH 31.73 76,950 80,410 84,690 96,360 192,080 219,780 255,290 298,360
MinneapolisSt. PauBloomington, MNWI 31.15 248,140 | 255,290 | 264,180| 288,560 491,800 551,230 627,680 720,720
San Jos&unnyvaleSanta Clara, CA 34.22 117,660 | 132,310 213,570 232,980 253,580 277,990
DetroitWarrenDearborn, MI 32.73 215,090 | 221,010 279,400 299,310 324,350 355,990
San Francise@aklandBerkeley, CA 31.81 602,320 | 651,530 933,610 | 1,100,000| 1,080,000 | 1,160,000
ChicageNapervilleElgin, [HN-WI 30.73 820,590 | 877,470 | 1,290,000 | 1,420,000| 1,560,000| 1,720,000
BridgeportStamfordNorwalk, CT 28.41
WashingtorArlington-Alexandria, D&AMD-
WV 28.29
HoustonThe WoodlandsSugar Land, TX 27.83
RiversideSan Bernardin®ntario, CA 26.82
PhiladelphiaCamderWilmington, PANJDE
MD 25.16
IndianapolisCarmelAnderson, IN 24.96
SeattleTacomaBellevue, WA 24.82
Allentown-BethlehemEaston, PANJ 24.45
Atlanta-Sandy Spring8ipharetta, GA 24.06
Madison, WI 23.73
ProvidenceWarwick, RIMA 23.64
PoughkeepsidNewburghMiddletown, NY 23.57
Hartford-East HartforeMiddletown, CT 23.10
Pittsburgh, PA 23.05
Wichita, KS 22.81
PortlandVancouverHillsboro, ORNVA 22.73
ClevelaneElyria, OH 22.72
MilwaukeeWaukesha, WI 22.43
114,94 | 311,50 | 647,59 | 1,222,57| 3,359,37| 4,074,81| 5,992,46| 6,49587| 10,088,15| 11,193,72| 12,311,55| 13,706,34
Totals 0 0 0 0 0 0 0 0 0 0 0 0
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Table2.28. AAM Passenger Mobility Flight Demand Over Time by Major and Mid&i&Market (continued)

Suitability

2043 ‘ 2044

Score 2037 2038 2039 2040 2041 2042 2045 Totals
10,520,00| 11,870,00| 13,220,00| 14,570,00| 112,818,67

New YorkNewarkJersey City, NNJPA 74.13| 4,760,000| 5,360,000| 6,110,000| 6,970,000 7,940,000| 9,150,000 0 0 0 0 0
Los Angelesong BeactAnaheim, CA 66.23 | 1,830,000| 2,080,000| 2,380,000| 2,750,000| 3,150,000| 3,640,000| 4,270,000| 4,890,000| 5,500,000| 6,120,000 45,473,420
OrlandeKissimmeeSanford, FL 33.92 537,210 599,290 673,920 770,530 877,010 | 1,030,000| 1,190,000| 1,350,000| 1,510,000 1,670,000| 13,088,910
Miami-Fort LauderdallPompano Beach, FL 32.67 487,600 549,550 625,520 717,900 838,840 973,620 | 1,160,000| 1,350,000/ 1,530,000/ 1,720,000| 12,556,630
DallasFort Worth-Arlington, TX 39.27 | 2,260,000| 2,580,000| 2,990,000| 3,480,000| 4,090,000| 4,730,000| 5,630,000| 6,500,000| 7,360,000| 8,230,000| 57,296,510
BostorCambridgeNewton, MANH 36.00 457,280 515,830 598,070 705,810 858,750 | 1,040,000| 1,320,000| 1,590,000| 1,860,000 2,130,000| 13,561,180
Columbus, OH 3173 350,270 412,320 485,720 579,600 690,690 833,590 | 1,000,000| 1,170,000| 1,330,000/ 1,500,000| 9,656,110
MinneapolisSt. PauBloomington, MNWI 31.15 833,230 968,160 | 1,130,000| 1,330,000 1,580,000| 1,890,000| 2,270,000| 2,630,000| 3,000,000 3,370,000| 22,448,990
San Jos&unnyvaleSanta Clara, CA 34.22 305,320 335,750 369,370 409,300 453,000 501,740 559,110 615,100 671,930 728,350 6,177,060
DetroitWarrenDearborn, MI 32.73 398,330 447,850 513,760 595,540 705,360 828,970 | 1,010,000| 1,180,000| 1,360,000/ 1,530,000| 10,264,960
San Francise@aklandBerkeley, CA 31.81| 1,260,000| 1,370,000| 1,500,000| 1,650,000 1,810,000| 1,990,000| 2,210,000| 2,420,000| 2,640,000| 2,850,000 25,227,460
ChicageNapervilleElgin, [HN-WI 30.73| 1,920,000| 2,160,000| 2,450,000| 2,800,000| 3,190,000| 3,710,000| 4,280,000| 4,830,000| 5,390,000| 5,950,000| 44,368,060
BridgeportStamfordNorwalk, CT 28.41 91,060 113,610 146,730 184,740 235,850 285,570 335,300 385,040 1,777,900
WashingtorArlington-Alexandria, D&A-MD-
WV 28.29 2,450,000| 2,800,000| 3,190,000| 3,710,000| 4,280,000| 4,830,000| 5,390,000 5,950,000| 32,600,000
HoustonThe WoodlandsSugar Land, TX 27.83 1,150,000| 1,320,000| 1,520,000| 1,780,000| 2,090,000 2,400,000| 2,710,000| 3,010,000 15,980,000
RiversideSan Bernardin@®ntario, CA 26.82 127,210 160,100 196,540 248,850 312,790 375,400 438,020 500,650 2,359,560
PhiladelphiaCamderWilmington, PANJDE
MD 25.16 709,120 831,350 977,190 | 1,170,000| 1,390,000| 1,610,000| 1,830,000 2,060,000| 10,577,660
IndianapolisCarmelAnderson, IN 24.96 485,720 579,600 690,690 833,590 | 1,000,000| 1,170,000/ 1,330,000/ 1,500,000| 7,589,600
SeattleTacomaBellevue, WA 24.82 1,280,000| 1,440,000| 1,630,000| 1,870,000| 2,130,000| 2,390,000| 2,650,000 2,920,000 16,310,000
AllentownBethlehemEaston, PANJ 24.45 219,380 272,430 342,590 427,800 541,020 651,210 761,460 871,710 4,087,600
AtlantaSandy SpringAlpharetta, GA 24.06 1,020,000| 1,150,000| 1,300,000| 1,490,000| 1,710,000| 1,930,000| 2,140,000| 2,360,000| 13,100,000
Madison, WI 23.73 127,210 160,100 196,540 248,850 312,790 375,400 438,020 500,650 2,359,560
ProvidenceWarwick, RIMA 23.64 219,380 272,430 342,590 427,800 541,020 651,210 761,460 871,710 4,087,600
PoughkeepsidNewburghMiddletown, NY 23.57 166,340 206,510 260,030 325,540 413,260 498,590 583,960 669,340 3,123,570
Hartford-East HartforeMiddletown, CT 23.10 166,340 206,510 260,030 325,540 413,260 498,590 583,960 669,340 3,123,570
Pittsburgh, PA 23.05 180,250 217,550 254,880 292,210 944,890
Wichita, KS 22.81 180,250 217,550 254,880 292,210 944,890
PortlandVancouvetHillsboro, ORNVA 22.73 445,490 504,980 564,490 623,990 2,138,950
ClevelaneElyria, OH 22.72 881,580 | 1,020,000| 1,170,000 1,310,000| 4,381,580
MilwaukeeWaukesha, WI 22.43 713,430 827,770 942,170| 1,060,000 3,543,370

15,399,24| 17,378,75| 28,038,12| 32,271,32| 37,236,58| 43,360,63| 53,190,10| 60,848,92| 68,510,53| 76,215,20| 501,968,26

Totals 0 0 0 0 0 0 0 0 0 0 0
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As a validation exercise for the project teamgd
the present through 2045 were estimated using guideposts from the literature. The research team
aligned market projections from existing research to the MB&ntified in the site suitability

analysis. After an extensive review of AAM passenger mobility market research, it was found that
market projections from UAM Geomatics (2021) could be reworked and assigned to MSAs to
make the site suitability analysend bass diffusion demand estimation spatially compatible.
Additionally, the timing for market transitions, when new markets came online, were estimated

using the AAM market development progression framework and milestones developed by Hussain

and Silver 2021) and shown iRigure2.1.

The UAM Geomatics online dashboard provides estimates of AAM passenger mobility demand
for 38 US cities from 2022 throud®045. Though the estiates are generally more optimistic than
what is observed in the literature, as shawirigure2.26, their market forecasts offer a useful
benchmark for demand estimation.

City estimates were fitted to the metropolitan statistical areas that were identified in the site

suitability analysis. In most instances, the MSAs that contained UAM Geomaticstrfaecast

cities were used. This was the case for 20 of the 30 MSAs. In some instances, UAM Geomatics
did not have market projections for cities that were geographically associated with an MSA

identified from the site suitability analysis. In those insts, cities with similar populations to

the primary urban center of the MSA were ued.

After conducting the interim demand metnalysis, the team estimated 76.2 million AAM
passenger mobility flights in the US tihe year2045. This equates to a cumiNatflight total of
approximately 502 million flights from 2024 through 2045. The growth trajectory of AAM
passenger mobility can be seenTiable2.29 and Figure 2.26. It is anticipated that each flight
carries an average of 1.49 passengers (derived from Goyal et al., 2021).

Table2.29. Domestic AAM Passenger Mobility Demand: Number of Flights.

Study 2022 2025 2030 2035 2040 2045
UAM Geomatics (2019) 3,751,150 4,741,210 19,314,830 28,840,730 59,540,300 123,122,360
UAM Geomatics (2020) 1,493,330 4,500,010 16,856,840 30,589,520 63,186,110 119,663,920
UAM Geomatics (2021) 411,980 4,278,290 17,341,850 29,864,320 61,457,850 105,497,210
KPMG (2019) - - 2,500,000 - 22,600,000 --
Booz Allen Hamilton (2018) -- -- 20,075,000 -- - -
ASSURE (2022) - 311,500 5,992,460 13,706,340 37,236,580 76,215,200

Based on AAM market milestones and developmeiter@a established by Hussain and Silver
(2021) and the ASSURE A36 site suitability analysis results, it was assumed that 30 MSAs would
launch AAM passeger mobility services fror@024through 2045.

12 Syracuse was used as a proxy BiidgeportStamfordNorwalk, CT, Toledo as a proxy foRiversideSan

BernardineOntario, CAand Madison, WI; Columbus as a proxy fedianapolisCarmetAnderson, IN Akron as a
proxy for Allentown-BethleherrEaston, PANJ and ProvidenceWarwick, RFMA; Dayton as a proxy for
Poughkeepsi®lewburghMiddletown, NY and HartfordEast HartforeMiddletown, CT, Wichita as a proxy for
Pittsburgh, PA; and RaleigdurhamChapel Hill as a proxy favilwaukee Waukesha, WI
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Figure2.26. US AAM Passenger Flight Projections Over Time
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2.5.3 Other Guideposts Identified for Demand Validation
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Figure2.27. Cumulative Revenue by Use Case in US $Billions (UAM Geomatics, 2021).

Table2.30. US Market Share and Revenue by Use Case | UAM Geom&iis, 2

Use Case Share 2024 2029 2034 2040 2045

Airport Shuttle 10.9% | $0.17 | $1.72 $4.15 $8.41 $14.22
Emergency Services 12.8% | $0.20 | $2.02 $4.88 $9.88 $16.70
On Demand Air Taxi 37.8% | $0.59 | $5.99 $14.47 | $29.31 $49.56
Corporate Campus 11.5% | $0.18 | $1.83 $4.41 $8.93 $15.10
Regional Air Mobility 27.0% | $0.42 | $4.28 | $10.34 | $20.93 $35.39
Total 100.0% | $1.57 | $15.84 | $38.25 | $77.47 $130.98

Source: UAM Geomatics, 202:

2.6 Appendix B: Site Suitability Analysis: Psychometric Validation and Site Segmentation

The SSAgathered a wide range of data on the different potential markets for AAM. The primary
focus of this analysis was to rank metro areas for suitability for AAM development. However, the
data generated for the SSA can also give more insight into the redaévgths and weaknesses

of the different metros as markets for AAM and can be used to better understand the potential for
different markets and the data can be used to help psychometrically validate the SSA index.

In this section, exploratory data anadyis used to examine the components of the SSA index and
a principal components analysis is used to check the overall index agreement and relationships

bet ween the components

and

an

over al

I Apsychor
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The components of thée suitability analysis are given frable2.31. The index is composed of
constituent components in different safeas. These areas include urban structure, agono
scale, congestion, readiness, and economic variables. These components eaeataddetween
0 and 1 and weighted in the overall index usingBNEART method. The variable weights (adding
up to 100) can be found in Table 5 in the site suitakalitslysis.

Table2.31 Site Suitability Analysis Components.

Variable Description

Urban Structure 1US1) | Population DensityAverage population per square mile
Urban Structur@ (US2) | PolycentrismNumberof employment subcenters
Economic Scale 1HS1) | Fortune 1000 Presenc&lumber of Fortune 1000 company

headquarters
Economic Scale HX?) | GDP per Capita Gross domestic product of MSA per capita
Congestion 1¢1) Average Time to WorlAverage onavay canmute time, minutes
Congestion 2G2) Travel Time Indexindex of peak period to freffow conditions
Congestion 3E3) Airport to CBD Drive TimeEstimated driving time in freéow

conditions from commercial airports to central business district,
weighted by number of commercial aircraft operations

Readiness 1R1) Heliports per CapitaNumber of heliports per capita

Readiness 2 (R2) Airports per Capita Number of airports per capita

Readiness 2 (R3) Class B AirspacePresence (or not) of ClaBsAirspace in MSAO
present, 1 not presgnt

Readiness 3 (R4) Class G Airspace CongestioAverage total hours per square mile
Class G airspace

Readiness 4 (R5) Public & Private InvestmentUAM Launch City (1.0) or
Headquarters City (0.5)

EconomicDevelopment | Airport ShortHaul OD <150 Miles Count of flight origins and

(ED1) destinations within MSA for distances shorter than 150 miles

All variables are weighted positive in the SSA index, i.e., higher values of each variable are
indicators of hidper site suitability. However, this does not necessarily mean that all the indicators
are strongly correlated with one another. For example, a large densely populated metro may have
some advantages for UAM (e.g., high concentration of wealthy commgtets)d transportation
congestion), but also have possible disadvantages (e.g., airspace congestion).

To examine the relationship between the variables and between the variables and the overall
index, several analyses were carried out. First,-coereldions were calculated between all of

the variables in the SSA index, along with the overall population of each of the evaluated metro
areas. The results are visualized in a correlation heatntagure2.28.

Here, positive correlations are shaded blue and negative correlations are shaded red. One can see
that all the urban structure, economic scale, congestion, and economic developmens\agable
strongly correlated with each other and with the overall metro population. This is due to the fact
most of these variables are measures of economic power, which are quite strongly related to the
size of the metro. For example, larger metro areallaly to have more employment subcenters

and thus higher polycentrism. They are also likely to have higher degrees of traffic congestion.
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The only negatively correlated variables are the readiness variables, R1, R2, and R3. For R1 and
R2 it may be tht given a larger population, there is less population per heliport/airport, with
smaller metros having a minimum number of low usage facilities, possibly subsidized by the
Essential Air Service prograe.g.,Grubesic& Wei, 2012 Hall et al., 2015). R3si 1 if a metro

does not have a Class B airspace (which will result in restrictions on UAM flights) and 0 if a metro
does have a Class B airspace. As Class B airspaces tend to be found at airports in large metros, it
is intuitive that smaller metros willnoaverage have larger values of R3.
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Figure2.28. SSAIndex Correlations.

To examine the patterns found in the correlation chart further, the values for each of the SSA index
components were plotted using box plots for the metros that were selected as having the Top 10
values of the overall SSA index vs. the metros that hadrlealees of the SSA index. To give
consistency between the variables, the variables were standardized by subtracting the mean and
dividing by the standard deviation before plotting. The resulting comparisons, grouped by each
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SSA index variable are giveim Figure 2.29.13 Similar results are achieved in the correlation
analysis in that the total population and all SSA index constituent variables apart from R1, R2, and
R3 have higher values for the Top 10 metros over theTrgn10 metros. For R1 the Top 10 and
nonTop 10 metro values have similar interquartile ranges, though there are several high outliers
above 2 standard deviations for the ficop 10 metros. As R3 & binary variable, it is difficult

to see a pattern, though it looks like apart from one outlier, alIloyalues have the lowest value.

Average Value of SSA Variables for Sites in Top 10 vs. non-Top 10

Total_Pop us1 usz ES1

SO T N R

ES2 C1 cz Cc3

Top10

— no
— yes

value

] i | e | | i

no

Top10

Figure2.29. Average Value of SSA Variables for Sites in Top 10nesTop 10.

To further examine the properties of the SSA Index a Principal Components Analysis (PCA) was
performed on the component constituents. PCA is a method commonly used for data reduction,
de-noising data, and finding latent components in da@,@unteman, 1989Shlens, 2014).In

this analysis it is used for several purposes: i) To see if the site suitability variables load together
into a single latent index, and ii) To see how the index components relate to the overall index.
PCA works by &tracting new mutually uncorrelated data variables from the original data, with
each new data variable maximizing the amount of explained data variance.

A PCA was run for the site suitability data. Tdmount of variation included in each of the new
dmensions i s pl ot Kigard2.30. Scree pldiscantheused o lchmdsétheinumber
of useful dimensions in the PCA soluti@gdackson1993 Zhu & Ghodg 2006). One rule of

13 The center of a box denotes the median, the bottom of the box thee®%entile, the top of the box the75
percentile, and the tépottom lines the lowest/highest values excluding plotted outliers.
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thumb is to select the number ofdirmsi ons before the Aconvex hul
where the angle of the graph changes from an obtumeaoute angle. In the solution Figure

2.30, the first dimension dominates all others with 44.0% of the data variance and is the only
dimension before the elbow of the graph, which implies that a single dimension solutiois, in

case of market potential, may be appropriate.

Scree plot
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Figure2.30. PCA Scree Plot.

In PCA, a biplot Gabriel, 1971 Gower et al. 201)ican be used to show the relationship between

the new dimensions of a derived solution and the original variables. To aid plotting, a second
dimension was added, which accounted for an additional 9.5% of the data variance. The PCA
biplot is given inFigure2.31. Here, the numbered items, show the positions of the sites on the
new dimensions and the blue arrow vectors show the relationships between the originksvariab
and the new dimensions. The direction of a vector relates to how its variable contributes relatively
to the new dimensions, and the length of the vector relates to the strength of this orientation. Here,
both R1 and R4 show strong positive assoantioith the 24 new dimension, and the remaining
variables are mostly negatively associated with thenain dimension, with a few positively
associated.
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Figure2.31. PCA Biplot.

In PCA, the signs of diffent dimensions are arbitrary and given that tRedilnension is
negatively related to most of the original variables, the sign of this dimension was swapped to
make it a positive measure of market potential. In addition, in PCA, rotation of the safution
often performed to help simplify (i.e., make either close to 1 or 0) the correlations between the
new variables and the original variables. The commonly used Varimax rotgamel, 1953,

which preserves the orthogonality of the dimensions, weasl to create the simplified structure.
Varimax rotation is orthogonalénnrich, 197Q)in that the resulting dimensions remain mutually
uncorrelated. The final loadings (correlations between the dimensions and the original variables)
for the first twonew variables are given rable2.32. Loadings with an absolute value of greater
than 0.5 are highlighted.
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Table2.32 Final PCA Loadings of Rotated Solution.

Variable RPC1 | RPC2
US1- Population Density 0.858| 0.207
US2- Polycentrism 0.659| 0.003
ESI- Fortune 1000 Presence 0.863| -0.045
ES2 GDP per Capita 0.584| -0.222
C1- Average Time to Work 0.768 0.251
C2-Travel Time Index 0.683| -0.122
C3- Airport to CBD Drive Time 0.652| 0.018
R1- Heliports per Capita -0.154| 0.720
R2- Airports per Capita -0.557| -0.032
R3 Class B Airspace (0 present, 1 not present) -0.620| -0.040
R4- Class G Airspace Congestion 0.290, 0.742
R5- Public & Private Investment 0.632| 0.138
ED1- Airport ShortHaul OD <150 Miles 0.853| 0.139

The first principal component is strongly positively loaded on all variables apart freR4RIih

concordance with overall market sigetential. However, R2 and R3 have negative loadings on

this dimension. For R2, as previously noted in the correlation discussion, smaller metros may have

more airports per capita than larger metros. For R3, class B airspace is more likely to be present
in larger metros. Overall, the first dimension can be thought of as an aggregate measure of market
si ze.

potenti al based on market
dimension (while less important in terms of variance expiins positively loaded on R1
heliports per capita and R4he level of class G airspace congestion. As class G airspace tends to
evel airspace, the overal

be lowerl

The sites from the sitaugability analysis, plotted on the two new derived dimensions described

Thus, t hi

di

above, are given iRigure2.32 and with logscaled dimensions irigure2.33.
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Figure2.32. Site Suitability Analysis Derived Dimensions.
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There are several uses for the scatterploEsgare2.32 andFigure2.33. First, they can show the
relative placement of the different margetparticularly on the market potential scale. For
example, New York has by far the highest market potential on this scale. Second, in market
segmentation applications, this sort of scatterplot visualization is used to identify similar markets
to a currat successful market for market entry (Kale & Sudharshan, 1987; Wind & Douglas,
1972). For example, in terms of characteristitigsston TX and Dallas, TX are similar, and less
obviously from a geographical perspective, Boston, MA and Miami, FL are simila

I n fact, representations of fAclosenesso of me
examine similarities between the Top 25 ranked metros for the site suitability analysis, the
population value plus the values of the 13 SSA variables stanelardized (subtracting mean and

dividing by the standard deviation), and Euclidean distances were calculated on these data between
each pair of cities. These distances were then clustered using agglomerative hierarchical clustering
usi ng War dMugaghnge ltedpendde, 2014; Ward Jr, 1963yhich mimizes the data

variance within clusters. The resulting output, in the form of a dendrogram showing cluster
structure, is plotted iRigure2.34. Here, the similarity between markets can be expressed as how
close the markets are on the tree and the depth of the tree at which they were joined. For example,
the Afirsto join is bet weenthWwahedeimetytareas haveD C a n
similar population and congestion characteris
NY and Allentown, PA, both towns being midsized towns, just outside of the New York City

metro areas and with similar characteristidnterestingly New York, NY and Los Angeles, CA

are joined together as the nearest metros to each other, but quite late in the process. This is
probably because the two metros are not comparable to other metros in terms of sheer economic
scale, but thathere are still significant differences between the metros in terms of economic
structure. To give discrete clusters or segments, a line can be drawn perpendiculaiabasiod x

the graph at the point where the number of linkages is equal to theenwintbesired segments.

For example, for a k = 5 cluster solution, the clusters are as follows:

1. Indianapolis, IN; Madison, WI; Poughkeepsie, NY; Providence, RI

2. Atlanta, GA,; Chicago, IL, Detroit, MI; Houston, TX; Riverside, CA; Seattle, WA,
Washington, DC

3. Boston, MA; Columbus, OH; Dallas, TX; Miami, FL; Minneapolis, MN; Philadelphia,
PA

4. Bridgeport, CT; San Francisco, CA; San Jose, CA

5. Los Angeles, CA; New York, NY
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Figure2.34. Cluster Analysis using Wardt$ethod of top 25 Metros.

To conclude the analysi s, standardi zed values
dimension by subtracting the mean value and dividing by the standard deviation. The values were
color-coded and summarized Higure2.35. Taking the Top 10 items, the index agrees with the
final SSA index on eight out of the ten metro areas, including Washington, DC and Chicago, IL,
rather than Columbus, OH and Orlando, FL. This is probably because the first factor in the PCA
solution is loaded on the market factors, but that soméefté¢adiness metrics are negatively
loaded as these tend to be higher in small markets. Thistesliteat some of the infrastructure/per
capita metrics may be skewed towards smaller metro areas. In addition, there are some definite
disadvantages of larger metro areas with respect to UAM, such as air congestion and Class B
airspace. Thus, a more qisatively generated weighting scheme incorporating these factors is
appropriate.
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Name MP Name MP Name MP Name MP

New York, NY 5.221|Providence, RI 0.323|Indianapolis, IN -0.293|Louisville, KY -0.662
Los Angeles, CA 3.599|Charlotte, NC 0.283|Memphis, TN -0.296|Chattanooga, TN -0.680
San Francisco, CA 2.266(Modesto, CA 0.278|Richmond, VA -0.306|Dayton, OH -0.691
Chicago, IL 1.940|Phoenix, AZ 0.271|Buffalo, NY -0.313|Omaha, NE -0.703
Miami, FL 1.569|Cleveland, OH 0.254|Greenville, SC -0.318|Rochester, NY -0.738
San Jose, CA 1.545|Columbus, OH 0.185(|Charleston, SC -0.324|Columbia, SC -0.745
Washington, DC 1.527(New Haven, CT 0.143|Salt Lake City, UT -0.341|Des Moines, IA -0.750
Boston, MA 1.494(Sacramento, CA 0.073|Worcester, MA -0.363|Albuquerque, NM -0.770
Bridgeport, CT 1.428|Stockton, CA 0.053|Greensboro, NC -0.429|Bakersfield, CA -0.781
Dallas, TX 1.378(Milwaukee, Wl 0.034|Albany, NY -0.432|Knoxville, TN -0.783
Philadelphia, PA 1.238(St. Louis, MO 0.021|Poughkeepsie, NY -0.463|Harrisburg, PA -0.783
Houston, TX 1.191|Austin, TX 0.018(El Paso, TX -0.466(Lakeland, FL -0.796
Detroit, Ml 1.150|Raleigh, NC 0.012|Grand Rapids, Ml -0.478|Syracuse, NY -0.814
Seattle, WA 1.057Las Vegas, NV -0.033|Akron, OH -0.498|Toledo, OH -0.832
Atlanta, GA 0.863|New Orleans, LA -0.034(McAllen, TX -0.519|Provo, UT -0.850
Honolulu, HI 0.805(Hartford, CT -0.066|Palm Bay, FL -0.535]Augusta, GA -0.871
Minneapolis, MN 0.768|Nashville, TN -0.071(Tucson, AZ -0.545|Little Rock, AR -0.896
Orlando, FL 0.737|Portland, OR -0.103|0gden, UT -0.549|Madison, WI -0.947
Riverside, CA 0.593|Cincinnati, OH -0.124(Fresno, CA -0.603|Jackson, MS -0.959
Tampa, FL 0.588|Kansas City, MO -0.141|0klahoma City, OK -0.610|Scranton, PA -0.997
Baltimore, MD 0.587[Lancaster, PA -0.193|Colorado Springs, C -0.635|Tulsa, OK -1.004
Denver, CO 0.585(San Antonio, TX -0.209|Birmingham, AL -0.644|Boise City, ID -1.126
San Diego, CA 0.561|Cape Coral, FL -0.218|Allentown, PA -0.648|Baton Rouge, LA -1.132
Oxnard, CA 0.479(Jacksonville, FL -0.263(North Port, FL -0.649|Wichita, KS -1.206
Pittsburgh, PA 0.328|Virginia Beach, VA -0.268|Springfield, MA -0.653|Youngstown, OH -1.294

Figure2.35. Summary of Factor 1 Market Potential Values.

Overall, the analyses in this section have generated a high adgnsgght into the components

of the SSA index. The correlation charts and box plots showed how the different values of the
index relate to one another and\ary with one another. Most of the factors are positively
correlated with the overall populati and economic power of the metropolitan area. However,
several of the readiness factors are negatively correlated with the overall market power, indicating
a tradeoff between factors that make large metropolitan areas attractive, and factors that cause
difficulties, such as the presence of Class B airspace.

The PCA built on the previous analyses and found a single factor incorporating most market power
characteristics. After rotation, this index provides good face validity and agreement with the final
SSAindex. However, it does have negative loading on some of the infrastructure variables, as the
airports per capita, heliports per capita, and Class B airspace are negatively loaded on this
dimension. The Class B airspace factor is definitely a negatdicator for larger metros, though

it may be that for | arger metros the raw numbe
capitao figures, as for | arge, di ver se metr os
relatively fewer locatins with higher passenger numbers may be advantageous for UAM
development.

In a more general sense, the analyses in this section also showed how segmentation techniques can
be used to group or cluster markets and how given a successful market provigeck caarkets

with similar characteristics using segmentation methods. This type of analysis was demonstrated
using hierarchical clustering with Wardoés met
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treegenerating hierarchical methods, partitioningethods that create segments directly, and
fuzzy/overlapping methods could be employed.

2.6.1 Site Suitability Analysis: Psychometric ValidationAdditional References
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Grubesic, T. H., & Wei, F. (2012). Evaluagithe efficiency of the Essential Air Service
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2.6.2 Appendix: Suitability Scenario Results

In all scenarios except the Base Scenario, the five variable categories are assigned weights of 45
percent, 25 percent, 15 percent, 10 percent, and 5 percent, approximating the rank order centroid
values for variable ranks one thgdufive (45.7 percent, 25.7 percent, 15.7 percent, 9.0 percent,
and 4.0 percent) (Goodwin & Wright, 2003). The rank one category reflects the general focus of
the scenario. In all scenarios except one, the readiness scenario is given the second rank, as
variables in this category tend to be negatively correlated with variables in other categories and
therefore provides the primary constraint on the category of fdalde 2.33 summarizes the

variable and category weights for each scenario. The results of each Scenario are préddted in

2.34.

Table2.33. Suitability Variable Weighting for Additional Scenarios

Urban Cong & Com

Economic Scale

Structure Stress Infr. Readiness Exist. Short-Haul
Category Variable Cat. ‘ Var.
Urban Population Density| 22.5 5.0 7.5 7.5 5.0
S 45.0 10.0 15.0 15.0 10.0
tructure Polycentrism 22.5 5.0 7.5 7.5 5.0
Fortune 1000
; 5.0 22.5 5.0 5.0 12.5
Ecgé‘;’lr:'c Presence 10.0 45.0 10.0 10.0 25.0
GDP per Capita 5.0 22.5 5.0 5.0 12.5
Average Time to
Work 5.0 5.0 15.0 8.3 1.7
Congestion | Travel Time Index| 15.0 5.0 15.0 5.0 45.0 15.0 25.0 8.3 5.0 1.7
Airport to CBD 5.0 5.0 15.0 8.3 1.7
Drive Time
Heliports per 5.0 5.0 5.0 9.0 3.0
Capita
Airports per 5.0 5.0 5.0 9.0 3.0
Capita
Readiness | Class B Airspace| 25.0 5.0 25.0 5.0 25.0 5.0 45.0 9.0 15.0 3.0
Class G Airspace 5.0 5.0 5.0 9.0 3.0
Congestim
Public & Private 5.0 50 50 9.0 3.0
Investment
Existing Airport ShortHaul
Demand 0D <150 Miles 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 45.0 45.0
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Table2.34. Additional Suitability Scenario Results

Urban Structure Economic Scale Congestion Readiness SAEiE
Demand
Total US1: Us2: ES1: ES2: C1: C2: C3: R1: R2: R3: R4: R5: ED1:
Population | Population Polycentrisn|] Fortune GDP per Average  Travel Time Airportto Heliports  Airports per Class B Class G Public & |Airport Short
Density 1000 Capita |Time to Work Index CBD Drive | per Capita Capita Airspace Airspace Private Haul OD
Presence Time Congestion Investment| <150 Miles
Total Populatio
US1: Population Densii
Urban Structure
US2: Polycentris
ES1: Fortune 1000 Prese
Economic Scale
ES2: GDP per Cap|
C1: Average Time to W
Congestion C2:Travel Time Indgx  0.51 0.56 0.39 0.49 0.33 0.56 -
C3: Airport to CBD Drive Time  0.50 0.51 0.33 0.49 0.30 0.55 0.45
R1: Heliports per Capifa -0.06 -0.07 -0.03 -0.06 -0.06 0.06 -0.17 -0.09
R2: Airports per Capifa -0.33 -0.49 -0.31 -0.31 -0.25 -0.49 -0.35 -0.39 0.16 -
Readiness R3: Class B Airspajce -0.58 -0.45 -0.43 -0.56 -0.35 -0.45 -0.30 -0.29 -0.02 0.34
Ra:Class G Alrspage ;g -0.47 -0.08 -0.14 -0.02 -0.37 -0.16 -0.20 0.14 0.25
Congestior
R5: Public & Private Investmg 0.37 0.30 -0.03 -0.17
ExistingDemand 0L AirportShort Haul 9 0.43 0.49 0.03 0.35
<150 Mile{
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2.7 Appendix C: Code for Bass Modeling
This sectioncontains code and a modeling spreadsheet description for the Bass Modeling
spreadsheet. Links to the files are given below.

BassModelEstimates.RThis spradsheet contains the code for creating the Bass model estimates.
The code is also listed below.

AllCities.csvi A csv file containing the yearly demand datallated for the site suitability
analysis, which is used for demand estimates and to get estimates of Bass parameters.

SSAExportMatch.csv A csv file congining the suitability characteristics for the site suitability
analysis and used in predictions/validation of Bass parameters.

AlIDiffusionCurvesV2.xlsmi A spreadsheet and associated macro for combining different
forecasts and delaying different forecasts.

The remainder of this section contains the following:

1 The R code (along with detailed comments) for analyzing demand data using Bass
modeling.

1 An overviewof the spreadsheet for merging and combining estimates
1 VBA code for merging the estimates.

2.7.1 R Code for Basss Modeling
#BassModelEstimamtes.R

#This contains the R code for the diffusion modeling section of the A36 project

#Written by Stephen L. France 2022: sfrance@business.msstate.edu

#Create a series of demand estimates for overall demand data.
if ('require(“forecast")) install.packages("forecast”)
library(forecast)

if (‘require("diffusion™)) install.packages("diffusion")
library(diffusion)

if (Irequire("tidyverse")) install.packages("tidyverse")
library(tidyverse)

if (‘require("viridis")) install.packages("viridis")

library(viridis)

if ('require("ggplot2™)) install.packages("ggplot2")
library(ggplot2)

if ('require("gtable")) install.packages("g table")
library(gtable)

if ('require("boot™)) install.packages("boot")

library(boot)

if ('require("sjPlot")) install.packages("sjPlot")
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https://drive.google.com/file/d/1dxdXILDSaqDzl4F69CB-ejl0SmlGLYag/view?usp=sharing
https://drive.google.com/file/d/1bDGA07VhLIVaqcRVSvN-Tje_DUXaoY0-/view?usp=sharing
https://drive.google.com/file/d/1P8B9ePHA_HMv2-o8NO47BGiwmFuxzX4Z/view?usp=sharing
https://drive.google.com/file/d/1WBhP3ru7O7IvLY96dzFrudAbTwfWMleG/view?usp=sharing

library(sjPlot)

setwd("~/R/FAA") #Need to set to actual working directory
source("DemandEstimate.R")

source("DistFun  ctions.R")

HH T R R R R R R R R R A
#Section A: Loading/Cleaning the data
T R R

#First load in the data files for the major postal sources
setwd("~/R/FAAMovingVehicles")

#Find bass parameters for the estimates
AllCities<  -read.csv("AllCities.csv",header=TRUE)

#Remove bad rows

AllCities< - AllCities[apply(is.na(AllCities),1,"sum")==0,]

n<- nrow(AlICities)

m< ncol(AllCities)

#The input data included commas, which threw R. The code below corrects this issue.
NumericCols< - ¢(2,4:m)

AlICities[,NumericCols]

AlICities[,NumericCols]< -
lapply(AllCities[,NumericCols],function(x){as.numeric(gsub(",", ", x))})

T R R R R
#Section B: Creating Bass Model estimates
T T

#Create bass estimates

Results< - matrix(0,nrow=n,ncol=6)

#lterate through each o f the cities
for (i in L:nrow(AllCities))

140



#Ensure that the data are numeric

YrTrips< -as.numeric(AllCities[i,4:(m -1

#The diffusion function takes increases

YrTripsincrease< - YrTrips - c(0,YrTrips[ -length(YrTrips)])
#We fit Bass + Gompertz, but u [timately only use Gompertz
out.bass< - diffusion(x=YrTripsincrease,type="bass")
out.gompertz< - diffusion(x=YrTripsincrease,type="gompertz")
Results[i,1:3]< - out.bass$w

Results]i,4:6]< - out.gompertz$w

#Create data frame of estimates
Resultsdf< - data.frame(AllCities[,3],Results)

colnames(Resultsdf)< -
c("City","BasspIn","Bassqim","Bassm","GomppDisp","GompqGro","Gompm")

HHHHHHH R
#Section C: Examine and Create Overall Distributions for Bass Model Parameters

B A R R R R R A B R R

#Create a density plot for estimates
ggplot(Resultsdf, aes(x=BassplIn)) +

geom_histogram(aes(y=..density..), # Histogram with d ensity instead of count on
y- axis

binwidth=.5,
colour="black", fill="white") +

geom_density(alpha=.2, fill="#FF6666") # Overlay with transparent density plot

#Quirk of the bootstrap function, | need to create a wrapper for the mean function to
pass to boot!

mean.fun < - function(data, idx)
{
df < - datalidx]

# Find the spearman correlation between
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# the 3rd and 4th columns of dataset
c(mean(df))

#Create Bootstrap samples for overall Bass parameters across ci ties.
#The idea here is that there is some damping effect and some noise in estimates

#It is likely that using individual city estimates will overfit, but using aggregate
sensistive enough

temp_boot< - boot(Resultsdff,"Basspln"],statistic=mean.fun,R=1000)
BasspInCl< - boot.ci(temp_boot,conf = 0.99, type = "perc")

temp_boot< - boot(Resultsdff,"Bassglm"],statistic=mean.fun,R=1000)
BassqlmCl<- boot.ci(temp_boot,conf = 0.99, type = "perc")

temp_boot< - boot(Resultsdf[,"GomppDisp"],statistic=mean.fun,R=1000)
GomppDisp@ - boot.ci(temp_boot,conf = 0.99, type = "perc")
temp_boot< - boot(Resultsdff,"GompqGro"],statistic=mean.fun,R=1000)
GompqgGroCl<boot.ci(temp_boot,conf = 0.99, type = "perc")

#Now create different estimates
Resultsdf< - data.frame(AllCities[,3],Results)

colna mes(Resultsdf)< -
c("City","BasspIn”,"Bassglm","Bassm","GomppDisp","GompqGro","Gompm")

SmoothedCurve<- AllCities
MedianCurve<- AllCities
LowpLowqgCurve< AllCities
LowpHighqCurve<- AllCities
HighpLowqCurve<- AllCities
HighpHighgCurve< - AllCities
Medianpg<- ¢(0.0013 26092,0.1770338)
LowpLowg< c(0.0009456528,0.159998)
LowpHighg<- ¢(0.0009456528,0.1965008)
HighpLowq<- ¢(0.00175723,0.159998)
HighpHighg< - ¢(0.00175723,0.1965008)

B A R R R R A B R R R

#Section C: Pre dictors of diffusion parameters using site suitability data
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HHHHH T R A R

#Load in the site suitability dataset. There are a few cities that are on the demand
dataset

#and not on the Site Suitability Analysis dataset and vice - versa, so we need to match.
SSAExportMatch<- read.csv("'SSAExportMatch.csv",header=TRUE)

#Now match with the results
MatchedRes< chind(Resultsdf,SSAExportMatch)
MatchedRes< MatchedRes][!is.na(MatchedRes$US1),]

#Get ad ataset for predicting the Bass p parameter

BasspReg< MatchedRes[,c(2,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]
BasspReg$R3_Stand< as.factor(BasspReg$R3_Stand)

#To give reasonable estimates (i.e., coefficients are not 0.000), multiply by 1000
BasspReg$Baspin< - BasspReg$Basspin*1000

#Create a base model (only predictor is the intercept) and

BaseModel<- Im(Bassplin~1,data=BasspReg)

FullModel< -Im(Basspin~.,data=BasspReg)

#Create a stepwise regression model to optimize model with respect to number of
parameter s.

StepModelp< - step(BaseModel, scope=list(lower=BaseModel, upper=FullModel),
direction="forward")

summary(StepModelp)
tab_model(StepModelp,file = "StepModelp.html*)

#Test model for multicollinearity

if (‘require("olsrr")) install.packages(“olsrr")
library (olsrr)

ols_vif_tol(StepModelp)

par(mfrow=c(2,2)) #set screen up for 4 plots
plot(StepModelp)

#Get a dataset for predicting the Bass q parameter
BassqReg< MatchedRes[,c(3,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]
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#Create model to predict Bass q parameters (as before)
BassqgReg$Bassqlm< BassgReg$Bassqlm*100
BassqReg$R3_Stand< as.factor(BassgReg$R3_Stand)
BaseModel<- Im(Bassqlm~1,data=BassqReg)

FullModel< -Im(Bassglm~.,data=BassqReq)

StepModelg< - step(BaseModel, scope=list(lower=BaseModel, upper=FullMo del),
direction="forward")

summary(StepModelq)
tab_model(StepModelq,file = "StepModelqg.html")

if (‘require("olsrr")) install.packages("olsrr")
library(olsrr)

ols_vif_tol(StepModelq)

par(mfrow=c(2,2)) #set screen up for 4 plots

plot(StepModelp)

#Get a dat aset for predicting the Bass m parameter
BassmReg<MatchedRes|,c(4,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]
#Create model to predict Bass m parameters (as before)
BassmReg$R3_Stand<as.factor(BassmReg$R3_Stand)

BaseModel<- Im(Bassqlm~1,data=BassmReg)

Ful IModel< - Im(Bassqglm~.,data=BassmReg)

StepModelm<- step(BaseModel, scope=list(lower=BaseModel, upper=FullModel),
direction="forward")

summary(StepModelm)
tab_model(StepModelmfile = "StepModelm.html")

if (‘require("olsrr")) install.packages(“olsrr")
library(  olsrr)

ols_vif_tol(StepModelm)

par(mfrow=c(2,2)) #set screen up for 4 plots

plot(StepModelm)

TP T T
#Section D: Create diffusion estimate for each city
A A A A A A R
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for (i in 1:nrow(AllCities))

{
YrTrips< -as.numeric(AllCities[i,4:(m -1)))
YrTripsincrease< - YrTrips -c(0,YrTrips[ -length(YrTrips)])
NoPeriods< - length(YrTrips)
out.bass< - diffusion(x=YrTripsincrease,type="bass")
Tempw<out.bass$w
#The actual data curve, but smoothed using the Bass parameters
SmoothedCurve[i,4:(m - 1)]< - difcurve(n=NoPeriods,curve=out.bass)[,1]
#Using median p,q across all cities
MedianCurve[i,4:(m - 1)]< - difcurve(n=NoPeriods,type="bass",w=c(Medianpg, Tempw[3]))
#Using the different extremes from the 95% confidence intervals

LowpLowqCurve[i,4:(m -1)|< -
difcurve(n=NoPeriods,type="bass",w=c(LowpLowq, Tempw([3]))[,1]

LowpHighgCurve[i,4:(m - 1)< -
difcurve(n= NoPeriods,type="bass",w=c(LowpHighqg,Tempw[3]))[,1]

HighpLowqCurve[i,4:(m - 1)< -
difcurve(n=NoPeriods,type="bass",w=c(HighpLowd, Tempw][3]))[,1]

HighpHighgCurve[i,4:(m -1)I< -
difcurve(n=NoPeriods,type="bass",w=c(HighpHighqg, Tempw[3]))[,1]

}

#Write to the curr ent working directory
write.csv(SmoothedCurve,"SmoothedCurve.csv")
write.csv(MedianCurve,"MedianCurve.csv")
write.csv(LowpLowqgCurve,"LowpLowqCurve.csv")
write.csv(LowpHighgCurve,"LowpHighqCurve.csv")
write.csv(HighpLowqCurve,"HighpLowqCurve.csv")

write.csv(HighpHighqCurve,"HighpHighqCurve.csv")

2.7.2 Overview of Data Merge Spreadsheet (AllDiffusionCurvesV2.xlsm)

The Spreadsheet for Merging the estimates has worksheets for each of the different source
esti mat es. The Spr ea cubmiied spreadsheef theeentinates laré the b u t
ones created in the Bass Modeling R Code.

A description of each of the subsheets is given below:
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OriginalDatai The original demand data from the site suitability analysis

SmoothedCurvé The smoothed demand datalculated by using Bass Model predictions

using the individual city p, g, and m.

1 MedianpgCurvé Forecasts for each city using the m for each city, but median p and q
from the bootstrapping distribution confidence intervals (Cla).

1 LowpLowqCurvei Forecasts for each city using the m for each city, but the lower bounds
of the 95% CI bootstrapping distribution for the parameters.

1 LowpHighgCurvei As above, but lower bound of the 95% CI for p and the upper bound
of the 95% CI for q.

1 HighpLowqCurvei As above, but upper bound of the 95% CI for p and the lower bound
of the 95% CI for q.

1 HighpHighgCurvei As above, but upper bound of the 95% CI for p and the upper bound

of the 95% CI for q.

= =4

1 LosAngelesCSLosANngelesC31 Figures from the report case syuidr Los Angeles.
1 Runi This sheet contains the macro for the combined estimates. This sheet is explained
in more detail in the Figure below.
A B C D E F G

1 |Control Panel

2 | Proportion Delay 1

3 | Info Columns 4

4

5 |Curve Mixture Run

6 | OriginalData

7 |SmoothedCurve 1

8 |MedianpgCurve

9 LowplLowqCurve

10 | LowpHighgCurve
11 |HighpLowqCurve
12 |HighpHighgCurve

Figure2.36: The Run Sheet Macro

The sheet has two section3he first contains control parameters and the second contains the
mixture proportions for the different sheets.

1 Proportion Delay: This is due to the fact that raw demand estimates are from the current
year, but implementation dates are later. A valu& ofoves back the first (in this case
2022) estimates to the estimated start year for the city (e.g., if a metro is estimated to start
in 2028 the estimates are moved back six years). A value of O gives the estimate for that
particular year (e.g., for atygi starting in 2028 this will be the actual 2028 value). Any
value between 0 and 1 gives a weighted sum of these values.

1 Info Columns: This gives the number of information columns before the start of the
estimates. The date should be in s info column (here column 4).This should be
followed by yearly demand estimates.

1 Curve mixture: This allows a mix of different estimates. All of these estimat&sgfine
2.36this is the cells B6:B12 should add up to 1).

146



1 Run: Selecting the run button creates a new composite estimate from the other worksheets.

2.7.3 Data Merge Spreadsheet VBA Code (from Run Button)
'Standard VBA options for explicitly declaring variables, arrays with base 0, and
making text comparisons of strings

Option Explicit
Option Base 0

Option Compare Text

Private mCurveDic As Dictionary
Private mwsOutput As Worksheet
Private mwslnput As Worksheet '

Private mPropDelay As Double 'The proportion of revenue 'd elayed', i.e. from the first
year estimated (which for the data in this project is 2022

Private mYearCol As Long 'The column in the data spreadsheets that correspond to the
start year

Private Sub cmdRun_Click()
Dim CurRow As Long

Dim SheetName As St ring, SheetProp As String, SheetPropVal As Double, CurValue As
Double

Dim ColText As String
Dim wsCounter As Long, RowCounter As Long, ColCounter As Long

Dim StartYear As Long, FirstYear As Long, CurYear As Long

'Get the delay proportion and the year columns
mPropDelay = CDbl(Trim$(Cells(2, 2).Text))
mYearCol = CLng(Trim$(Cells(3, 2).Text))

'‘Create a dictionary to include the different proportion of demand to be created
from each of the sheets.

Set mCurveDic = New Dictionary
CurRow = 6
SheetName = Trim$(Cells(CurRow, 1).Text)
Do While SheetName <> "
SheetProp = Trim$(Cells(CurRow, 2).Text)
If IsNumeric(SheetProp) Then
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mCurveDic.Add Key:=SheetName, Item:=SheetProp
End If
CurRow = CurRow + 1
SheetName = Trim$(Cells(CurRow, 1).Text)
Loop

'‘Create the output sheet
Set mwsOutput = ThisWorkbook.Worksheets.Add

'Now go through the process of adding each forecast value
For wsCounter = 0 To mCurveDic.Count -1
SheetName = mCurveDic.Keys(wsCounter)
SheetPropVal = mCurveDic.ltems(wsCounter)
Set mwslnput = ThisWorkbook.Worksheets.ltem(SheetName)
'If the first workbook then copy over the columns
If wsCounter = 0 Then
ColText = Chr(65) + ":" + Chr(64 + mYearCol )
mwsInput.Columns(ColText).Copy mwsOutput.Columns(ColText)
mwslInput.Rows(1).Copy mwsOutput.Rows(1)
End If

RowCounter = 2
'Go through each city in turn
Do While Trim$(mwslnput.Cells(RowCounter, 1).Text) <> "
StartYear = CLng(Trim$(mwslInput.Cells(RowCounter, mYearCol).Text))
ColCounter = mYearCol + 1
FirstYear = CLng(Trim$(mwsinput.Cells(1, ColCounter).Text))
'‘Go through each time period in turn
Do While Trim$(mwsInput.Cells(1, Col Counter) <> ")
DoEvents
'If there is no estimate then set the contribution to be 0

If Trim$(mwsOutput.Cells(RowCounter, ColCounter).Text) =" Then

148



mwsOutput.Cells(RowCounter, ColCounter).Value = 0
End If
CurYear = CLng(Trim$(mwslInput.Cells(1, ColCounter).Text))
'If we are after the estimated start year for the city then build estimates
If CurYear >= StartYear Then

CurValue = CDbl(Trim$(mwsOutput.Cells(RowCounter, ColCounter).Text) )

‘Take the (1 - proportion of delay value) for the current year

CurValue = CurValue + SheetPropval * (1 - mPropDelay)
CDbI(Trim$(mwslnput.Cells(RowCounter, ColCounter).Text))

"Take the (proportion of delay value) for the year relative to the start of
the estimates

CurValue = CurValue + SheetPropVal * mPropDelay *
CDbI(Trim$(mwslnput.Cells(RowCounter, ColCounter - (StartYear - FirstYear)).Text))

mwsOutput.Cells(RowCounter, ColCounter).Value = CurValue
End If
ColCounter = ColCounter + 1
Loop
RowCounter = RowCounter + 1
Loop
Next

MsgBox "Finished", vbExclamation

End Sub
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3 AIRWORTHINESS REGULATIONS AND THEIR APPLICABILITY TO
UAM AIRCRAFT CERTIFICATION

Safety is a fundamental condition fdAM activities to be accepted by regulators, users, and the
general public. The use of UAM aircraft to transport passengers will require a certification process
that leverages additional or different technical requeet® to what is covered with current 14
CFR Part 23 or 2%pecertification requirements for fixeding or rotorcraftThese aircraft have
nonrconventional architectures, single or distributed electric propulsion, complex battery systems,
autonomous fligh noise, etc.

To understand the potential certification differences between conventional and UAM aircraft, first

a detaiéd UAM classification was conducted. This classification provides information about the
different UAM architectures considered aheé specific design characteristics of each airceat (
Section3.1). This data is analyzed to understand trends and docutmemhain differences
between UAM arcitectures. Subsequtty, the current established and proposettworthiness
standards and requirements are studied and evaluated. Due to the broad scope of work and the
different disciplinesinvolved in the certification of an aircratit the beginning othe program

the FAAidentifiedthreespecificareaswith higherpriority; Crashworthinesssée Section3.2.2,

Battery Crashworthinessde Sectior8.2.3 and Noise GeeSection3.2.4).

In addition due to the novelty of UAM aircraft, one of the main gaps in knowledge involves the
potential rigor, oversight, and costs to streamline the certification prodéaR leveraged

Gener al Aviation (GA) industry organizations?®o
similar aircraft attributes, implemented in UAM aircraft design and production procdgsss.

research attempted to conduct a cost analysis for thigéozgion of a UAM aircraft (Sectio.3).

The presensectionaimsto answer the following research questido bridge the knowledge gaps
about the novelty aihe UAM market:

a) Can we classify UAM by categories in terms of airworthinegé?at will these
categoriesook like?

b) Are current regulatory frameworks for conventional aircraft vehigpgdicabl®

C) What framework is needed to regulate the airworthiness®dfl Wehicles?

d) Can a reliable estimate for certification costs be projected for UAM vehicles?

3.1 Task |1 UAM Classification

Beforeanalyzingthe datain this sectionit is essentiako clearly understand the definitions of

UAM and UAM aircraft According tot h e FAA, UAM i s fa safe an
transportation system that will use highly automated aircraft that will operate and transport
passengers or cargo at lower altitudes within urban and suburban &wakis definition, any

aircraft that flies at higher altitudes ang not highly automatets generally not considereapart

of theUAM system.

From theFAA definition, it is notclear whatconstitutes a UAM vehicle besides the fact that it
needgo be hidgly automatedTherefore, aothermore atailedand precisalefinition ofa UAM
vehicle is necessaty improve theuality ofdata analysis bigdentifying andfiltering out the non
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UAM vehicle data The following definition fromthe report by Rizzi et aprovides a better
description of a UAMvehicle.

AWhile not strict definitions, representative
takeoff and landing (eVTQlvehicles that can accommodate up to 6 passengers (or equivalent
cargo), are possible autonomous, perform missions cdbu®0 nautical miles at altitudes up to

3000 ft above ground level, have flight speeds up to 200 knots, and payloads between 800 and

8 0 0 0 (Rizhi stal., 2020)

3.1.1 Overall Market

A database of thentire UAM VTOL market was generated, whéihe main characteristics 212
vehicles werelocumentedThe vehicles included in this database were extracted from the eVTOL
Aircraft Directory available ateviol.news/aircraftThe generated database exclidny aircraft

that does not fit the Rizzi definition of a UAM vehidRizzi et al., 202Q)is defunct,does not
have any technical informatipor was added after June 20®2hich was the most recent update
of the database at the time of writing this repdmhe database documented the following
parameters:

1 VehicleArchitecture
0 Vectored Thrust: an aircriathat uses any of its thrusters for lift and cruise
o Lift + Cruise an aircraftthat hasndependent thrusters for lifting and cruising
o0 Wingless Multicopter: a aircraft that is only equipped with lifting thrusters
o Electric Rotorcraft: a aircraft thautilizes a single lifting rotor (electric helicopter
or electric autogyro)
1 Vehicle mission purpose
o Air Taxi: shortrange, passenger mobility operations
o Carga largescale package delivery operations
o0 Regional long-range passenger mobility operations
o Emergacy Medical Services (EMS)
o Personal Air Vehicle (PAV)
1 Takeoff andlandingconfiguration: whether the vehicle has vertical and/or conventional
takeoff and landing capabilities
1 Maturity: the current level of development of the vehicle, which was classifed
o0 Preliminary Design
Prototype Build
Subscale Flight Test
Flight Test
Ongoing Certification
Certified
o Commercial Operation
1 Autonomy level
o Piloted: the vehicle is designed to be operated by at least one pilot onboard
o Remotely Piloted: the vehicle is dgsed to be operated by a pilot on the ground
0 Autonomous: the vehicle is designed to fly autonomously
MTOW: Maximum Takeoff Weight
Number ofpilots

O O O 0O

= =4
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= =4 =4 =48 -4 4

= =4 -4 4 4

= =4 =4 -4 -8 A

= =4

Number ofpassengers
Estimatedpilot andpassengeweight: (number of pilots + number of passengers)*170 |b
Payload¢argo
Estimated total payload: estimated pilot and passenger weight + payload/cargo
General dimensions: wingspan, length, and height
Type of Propulsion System:
o Electric
0 Hybrid
o Hydrogen
0 Internal Combustion
0 Jet
Number of lifting propellers, includinglting rotors
Number of coaxial propeller sets
Ducted propellers (yes or no)
Number of forward propellers, excluding tilting rotors
Noise:
0 Noise quietness level comparedatbelicopter
0 Noise level (dB)
Type of landing gear:
o Tricycle, retractable
Tricycle, fixed
4-wheels, retractable
4-wheels, fixed
5-wheels, fixed
o Skids/legs
Airframe material:
o Composite
0 Metallic
o Composite + Metallic
First flight year: achieved or expected yeathafirst flight
Target operation year
Certification agency
Certificationtype
Country of origin
Safety features:
o DistributedElectric Propulsion (DEP)
o Parachute
0 Redundant flight controller
o Other features
Control system
Sensor types

O O O O
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1 Performance parameters:

0 Top speed: the maximum speed as specified by the OEM
Maximum range: ta maximum range as specified by the OEM
Endurance
Cruise Speed
Maximum cruise altitude (mean skavel)

Maximum cruise altitude (above ground level)
Maximum operating altitude (mean sleael)
Maximum takeoff altitude (mean sekevel)
Maximum rate of clirb

0 Maximum climb rate
1 Electric propulsion system:

o Number of electric motors
Motor model and type
Motor weight
Motor output (kW)

Number of battery packs

Type of battery

Battery power (kW) and battery energy (kWh)
Battery recharge time

o Battery weight
1 Jet/Internal combustion propulsion system

o Engine model

o Fuel type

o0 Fuel capacity

o0 Fuel weight

o Engine weight
1 Vehicle costthe listing price of the vehicle as specified by the OEM

OO O0OO0OO0OO0OO0OOo

O O0OO0OO0OO0OOo0OOo

3.1.1.1 Overall Market Database Beakdown

The results obtained from the database agsgmtechext The data for each tracked parameter is
presented in two chartél) the number of vehicle®r which the tracked parametés available

and (2) the resultsof the tracked parameter broken down by the number of vehicles and the
corresponding @rcentage

3.1.1.1.1 Vehicle Architecture

Figure3.1 shows the breakdown &fAM vehiclesby architectureOut of 212 vehicles, one vehicle
datawas unavailable for th tracked parameterVehicle architectures, in order of most to least
common arevectored thrust, wigless multicopter, lift+ cruise, and electricotorcraft. The
vectored thrust dominates 428bthe market surpassinghe wingless multicopteshareof 26%
andnearly douhihg thelift + cruiseshareof 23%. Electric rotorcraftis the least commqgmwith
only a 9% market sharalVhile electric rotorcraft are more conventional vehicles atierefore,
possibly easier tde certified most manufacturers prefer a multicopter vehicle's beneits
depiction of the main characteristics of these vehicles is showigume3.2.
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Vehicle Architecture (Complete Database)

m Vectored Thrust

m Wingless Multicopter

m Lift + Cruise

m Available = Mot Available Electric Rotorcraft

Figure3.1. Vehiclebreakdown byarchitecture

. . Wingless Electric
Vectored Thrust Lift + Cruise Multicopter Rotorcraft
An aircraft that An aircraft that An aircraft that is  An aircraft that
uses any of its has independent only equipped utilizes a single
thrusters for lift thrusters for with lifting lifting rotor
and cruise lifting and thrusters (electric
cruising helicopter or

electric autogyro)

Figure3.2. Vehicle architectureharacteristics.

3.1.1.1.2 Type of Propulsion System

Figure 3.3 shows the breakdown of UAM vehigldy type of propulsion systen®ut of 212
vehicles, two vehiclelatawere unavailable for tfs tracked parametefypes of propulsion, in
order from most to least common, ae&ctric, hybrid, hydrogen, IC, and jethe electric
propulsion system dominates 57% of the manksich nearly doubles the hybrid system share of
32% and greatlpurpasses the hydrogen systemareof 10%. The combied market sharef IC

and jet systemis approximately 1%While electric vehicles are affected in terms of range and
payloadcompared to hybrid vehicles, there are high expectations thatybaytsems willkeep
improving. Theyalso have some advantage/er hybrids in terms of the noise produced by the
vehicle. On the other hand, hybrid vehicles havsignificantadvantage over electric vehicles
whencompaing refueling and recharging tirae
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Type of Propulsion System (Complete Database)

2,1%
0, 0%
m Hybrid

m Electric

m Hyrdogen
IC

m Available = Not Available Jet

Figure3.3. Vehicle breakdown byype of propulsion system

3.1.1.1.3 Maturity Level

Figure 3.4 shows the breakdown of UAM vehisl®dy maturity level.Out of 212 vehicles, 83
vehicledatawereunavailable for tis tracked parametehe current vehicle maturity levels, in
order of mosto least commonare flight test, subscale flight test, preliminary design, prototype
build, ongoing certification, and certified@.he first four (4) maturity level with the biggest
difference of only 5%¢occupya combinedmarket sharef 94% The two(2) remaining maturity
levelstogether add up to 69%ost vehicledn the complete database are still early in the design
processStill, about 1/3 of the vehicles have achieved thedadlle flight testing phase, and 5% of
the vehicles are ongoing certditton. The only vehicle that has been approved fahtliis the
LIFT Hexa, which has been approved untiérCFRPart 103, conforming to tHeAA's Powered
Ultralight classificationfor which FAA certification is not required or unavailafds mentioned

by LIFT Aircraft on its FAQ webpaggLift Aircraft, 2021).

Maturity Level (Complete Database)

34, 26% 6, 5%

1,1%  mPreliminary Design

/ m Prototype Build
83 p
m Subscale Flight Test
Flight Test
Ongoing Certfication
m Available ® Mot Available
m Certified

Figure3.4. Vehicle breakdown by aturity level

3.1.1.1.4 Certification Plans

Figure3.5 shows the breakdown of UAM vehigby the certification agenc@ut of 212 vehicles,

159 vehicledatawerenot available for tis tracked parametel he fact that most of the vehicles

do not specify which certification agency they will be working with highlights the early stage of
most of these vehicles and the ndedadditional time before this can be definddhe planned
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certification agency, in oler of most to least common, are tRAA, EASA, Civil Aviation
Administration of ChingdCAAC), and othes. With a difference of only 2% between each other,
FAA and EASAcover88% of the markeOn the other hand, CAAC takes 10% of the share, and
other agacies make up about 2%.

Figure 3.6 providesdeepeiinsight into the vehiclewith planned or ongoing certificationsder
FAA (a) and EASA (b) guideline®ut of 24vehicleswith the FAA regulatory frameworkl4
vehicledatawerenotavailable for thigracked parameteil he most tdheleast common typefer
FAA certification arel4 CFRPart 23, Part 21, Part 27, Part 103, Part 29 Lagiat Sport Aircraft
(LSA). Vehcleswith plannedl4 CFRPart 23 certificatioead the market share with 3Q0%hile
14 CFRPart 21, Part 27, and Part 103 haveequal distributed share 60%. 14 CFRPart 29
takes the remaining 10% of the share, and LSA has a share @rO#he othehand, et of 23
vehicleswith the EASA regulatory frameworld vehicledatawerenot available for thisracked
parameterThe most tothe least common typefr EASA certification are S&/TOL, CSLSA,
Ultralight, CSUAS, and CS23. Contrary to thevehicleswith FAA regulatory frameworkSG
VTOL has the highest market share of 67%, followed byLG8 at 17%. Distributed almost
equally among each other, Ultralight, ©&S, and C&23 claim the remaining share percentage
of 16%

Certification Agency Plans (Complete Database)

m EASA

159 m CAAC

Other
u Availabile m Not Available

Figure3.5. Vehicle breakdown byartification agencyplanned by OEMs

FAA Type Certification Plans (Complete Database) EASA Type Certification Plans(Complete Database)
1,5% 3,17%
mPart 21
b S R
m Part 27
14
Part 29
u Available = Not Available Part 103  Available ® Not Available
mLSA

(@) (b)
Figure3.6. Intended section for Type Céitate by OEMs frmn (a) FAA and (bEASA.

~1.6%

2,20% 0,0%

1,10% m SC-VTOL

m(5-23

u C5-UAS

CS-LsA

Ultralight
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3.1.1.15 MTOW

Figure3.7 shows the breakdown of UAM vehiglby the MaximumTakeoff Weight (MTOW).

Of 212 vehicles, 84 vehicle data wereanailable for tis tracked peameter The most common
maximum takeoff weighis under 2,000 Ib. This frequency decreases as MTOW increases, with
vehicles with an expected MTOW greater than 10,000 |b being the least comrherowest
MTOW vehiclesmake up4% of the marketwhereas the highest MTOW vehicles ontgke up

2%. In terms of noise certificationf, only MTOW isconsideredmost vehiclesvouldbe classified

as light helicopters and therefore fall unddrCFR Part 3@&\ppendix J

Maximum Takeoff Weight [Ib] (Complete Database)

3, 2%

12, 10% 9, 7%

m0<MTOW = 2000

m 2000 <MTOW = 4000

87
4000 <MTOW = 6000

6000 <MTOW = 10000

m Available m Not Available MTOW > 10000

Figure3.7. Vehicle breakdown by aximum takeoff weight (MTOW)Ib].

3.1.1.1.6 Mission Purpose

Figure3.8 shows the breakdown of UAM vehigby the primary (a) and seconddb) missiors.
Out of 212 vehicles, for thtracked parametell8 vehicledatawereunavailable for the primary
mission, ad 44 were uavailable for the secondary mission.order of most to least common, the
primary missions of vehicles in the databasetheeair taxi, cargo, PAV, EM&nd regionalOn
the other hand, the mostttoeleast common secondary misss@re cago, EMS, PAV, regional,
and air taxi.Based on the available information, about 25% of the vehstiesedwill be multi-
purposewhich means the aircraft caarryoutmore than oné/pe ofmission as shown ifrigure
3.8(b). Some manufacturers approach this mplirpose by completely altering the interior of the
main cabin such that there will be one fleet of vehicles for one miggmmand another
configurationfor a differentmission Other manufacturers have designedadheraftcabin to be
modifiableby the user depending on the missigpe. Another alternative proposedasnodular
design for example, a manufacturer may design the wingd rotors dtachable from the main
cabin and the landing geaallowing the useto switch cabins depending on the missidhese
considerationsnay affect the certification requirements of tecraft
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Vehicle Mission Purpose (Complete Database)

9, 5% 28, 14%

W Air Taxi

\ m Cargo

= EMS
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m Available = Mot Available PAV
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Secondary Mission Purpose (Complete Database)

1, 2%

| Air Taxi

m Cargo

(>

168 m EMS
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m\With 2nd Missi
nd Mission PAV

W/0 2nd Mission OR N/A

(b)

Figure3.8. Vehicles per (a) primary and (b) secondary mission purpose

3.1.1.1.7 AutonomylLevel

Figure3.9 shows the breakdown of UAM vehislby the autaomy level.Out of 212 vehicles, 26
vehicledatawerenot available for tis tracked parametefhe most taheleast common autmmy
levels arepiloted, autonomous, and piloted remotélfe piloted vehicles dominate 54% of the
market while autonomous and piloted remotelghiclestake 41% and 5%f the market shares
respectivelyWhile most manufacturers have chosen to design their aiforaftiloted missions
possibly due to the ease in certificatjonanyothershaveplanned orconverting their vehicles to
fully autonomousones That level of autonomis highly desired amongst manufactursirsce it
would allow them to increase their pasger or cargo loads, increasing the potential revehue
each aircrafthowever, this approach will needl be considered negulatoryagencies in the near
future.
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Autonomy Level (Complete Database)

9, 5%

r
/ u Piloted

= Autonomous

26

= Piloted Remotely

= Available = Not Available

Figure3.9. Vehicle breakdown bywonany level

3.1.1.1.8 Estimated Total Payload

Figure3.10 shows the breakdown of UAM vehiddy the estimated total payloaQut of 212
vehicles, 10 vehiclelatawere not available for thigracked parameteil he most tothe least
common estimatetbtal payloads range frotheorder of the lightest ttheheaviestThe analyzed

trend showshatthelighterthe payload, the more common the UAM vehickshicles with less

than 500 |b payload dominate 53% of the market, followed by vehicles withihassL000 Ib
payload which take another 33%/ehicles with payloaslhigher than 4000 Ib seeemarket share

of about 2%From the vehicles with less than 500 |b payload, it is important to mention that 55%
of those vehicles are either autonomous or piloégabtely, while 34% are piloted (no information
available for the remaining 11%). In addition, 20% of those vehicles are reported to be used for
cargo, 70% are intended for some sort of passenger transportation (air taxi, PAV, EMS, Regional),
and no infomation was available for the remaining 10%.

Estimated Total Payload [Ib] (Complete Database)

5, 2% 3, 2%

0, 0.0% m0<P<500

m 500<P <1000
m 1000 <P <2000
2000 <P <4000

4000 <P = 6000
m Available = Mot Available
u P> 6000+

Figure3.10. Vehicle breakdown by estimated total payload.[lb

159



3.1.1.1.9 Maximum Cruise Altitude AGL

Cruise altitude is specified in AGL since most UAM operationsexygected to occur in metro
areas surrounded by buildingsd be rlatively shortin duration. Altitude in AGL makes the
mission altitude somewhat independent of the sea level altitude for the operational area.

Figure3.11 shows the breakdown of UAM vehislby the maximum cruise altitudeboveGround
Level (AGL).Out of 212 vehicles, 184 vehictiatawerenot available for thisracked parameter
The most tothe least common maximum cruise altitude AGL are0Q0<h 02,000 ft,
500< h 01,000 ft, hO500 ft, 2,000< h 04,000 ft, 6,000< h 07,000 ft, 4,000< h 06,000 ft.
Vehiclesoperatingat orbelow2,000 ftmake upgp5% of the marketwhile those operating between
2,000 and 7,000 ft take upe other 35%No vehicles are expected to operate over 7,000 ft AGL.
Again, theminimal information available regarding this specific parameter highlights the early
stages bthe design process for most of these UAM vehicles.

Maximum Cruise Altitude AGL [ft] (Complete Database)

2, 7%
4, 14% 0, 0%

4,14% 500<h = 1000
? 1000 <h = 2000

2000<h <4000

0<h =500

184
7,25% 4000 <h = 6000
B Available ®m Mot Available - cheT
6,22% 6000 <h = 7000
m h >7000

Figure3.11. Vehicle breakdown by maximum cruise altitad®ve ground level (AGLIYt] .

3.1.1.1.20 Maximum Operating Altitude MSL

Different from the Maximum Cruise Altitud®&jlaximum Operational Altitudeon the other hand

is specified in terms of MSL. This is because aircraft performdapend®n the absolute altitude

of an operational area. The maximum mission altitude is limited by the aircraft altitude above sea
level and istherefore not definedn terms of AGL.

Figure3.12 shows the breakdown of UAM vehidéy maximum operating altitud&eanSea
Level (MSL).Of 212 vehicles, 175 vehicle data wereauailabk for thistracked parametelhe
most to the least common maximum operating altitudes MSL aredQ®< h 020,000 ft,
0<h010,000ft, and 20000< h ©O40,000 ft. Vehicles operating between ,000 and 2M00 ft
altitude dominate the market with 62%hile thoseoperatingbelow 10,000 ft and above 2000
ft take 30% and 8%espectively.
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Maximum Operating Altitude MSL [ft] (Complete Database)

m 0<h<=10000

P

175 ® 10000 <h 20000

= 20000 < h = 40000
m Available = Mot Available

Figure3.12. Vehicle breakdown bgnaximum operating altitudmean sea level (MSLjt] .

3.1.1.1.11 Cruise Speed

Figure 3.13 shows the breakdown of UAM vehidéy cruise speedOut of 212 vehicles, B
vehicle datawerenot available for thigracked parameteil he database's mbsommon cruise
speed range for vehiclés between 120 and 180 mphith 30% of the market shareThe least
commorvehiclesare thos@perating abov850 mph with a2% market shareCruisespeed ranges
under120 mph togethemakeup46%, andthe rest otherangeshetweenl80 and 350mph take
the remaimg 22%.

Cruise Speed [mph] (Complete Database)

1, 1%

/' mV<40
1 1% m40< V<60

mBe0<V<=80
80<V=120
120<V =180
m180<V=250
m250<V=350
m350<V =450
m450<V

7,5%

81
39, 30%

m Available m Mot Available

Figure3.13. Vehicle breakdown by cruise speed [fhph

3.1.1.1.12 Endurance

Figure3.14 shows the breakdown of UAM vehislby enduranceOut of 212 vehicles, 81 vehicle
datawerenot available for thifracked parametef he most commoranges for vehiclendurance
are 0.25< EO0.5 hr, 0.5< EQ0.75hr, 0.75< E O1 hr, and 2< E O4 hr. These ranges contain
72% of the market, followed closely by € E O2 hr endurance with 16%n sum, he vehicles
with endurance under 4 hoursake uP3%, and tbsewith endurance above 4 hourake uphe
remaining 7%.
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Endurance [hr] (Complete Database)
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Figure3.14. Vehicle breakdown bndurance [ht]

3.1.1.1.13 Airframe Material

Figure 3.15 shows the breakdown of UAM vehidby airframe materialOut of 212 vehicles, 127
vehicle data were not available for thisracked parametefThe composite airframe vehicles
overwhelming donmate the market with 87% while the compositmetallicandmetallicvehicles
take 9% and 4%respectively Eventhough this information is limited to only about 40% of the
vehicles studied, it highlights the predisposition for usidganced materials.

Airframe Material (Complete Database)

3,

m Available = Mot Available

4%

m Composite
m Metallic

® Composite + Metallic

Figure 3.15. Vehicle breakdown by airframe material

3.1.1.1.14 Number of Lifting Prpellers

Figure3.16 shows the breakdown of UAM vehidéy the number of lifting propeller©f 212
vehicles, 3 vehicle data wereawailable for thigracked parameteirhe vehicles with 8 lifting
propellers a@ the most common with 34% tife market, followed by 4 propellers vehicles with
17% and 6 propellers vehicles with 9%he remainder of the database is variedh propeller
count ranging up t62 lifting propellersEach of these propeller counts makpsabout 5% or less
of the market.
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Number of Lifting Propellers, p (Complete Database)
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Figure3.16. Vehicle breakdown bthe number of lifting propellersp.

3.1.1.1.15Number of Forward Propellers

Figure3.17 shows the breakdown of UAM vehiglby the number of forward propellei®ut of
212 vehicles, B vehicledatawerenot available for thigracked parameteilhe analyzed trend
shows that théower the number of forward propellers, the more common the UAM vehidhes.
vehicles with no forward propellersake up66% of the markefollowed by 1 propeller vehicke
with 24% and 2 propeller vehicles with 5%or the rest of the vehiclegith 3 to 10 propellers,
eachvehicle typetakes less than 1% of the mark@&ypically, vectored thrust vehicles were
classified as not having forward propellers.

Number of Forward Propellers, fp (Complete Database)

2fp, 10, 5%

/—3fp 1, 0.6%
‘ 4fp 1, 0.6%
\I.“““‘x__ 8fp, 4, 2%

\ 10fp, 2, 1%
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Figure3.17. Vehicle breakdown bthe number offorward propdkrs, fp

3.1.1.1.16 Number of Coaxial Propeller Sets

Figure3.18 shows the breakdown of UAM vehiglby the number o€oaxial Propeller(cp) sets.
Of 212 vehicles, 5 vehicle data wereawailable for thigracked parameteil he vehicles with no
coaxial propeller sstdominate 71% of the markdbllowed by 4cp vehicles with 20% and 8cp
vehicles with 4%For the rest of the vehicles with coaxial propellds$som 1 to 6, eactehicle
type makes u2% or less of the market.
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Number of Coaxial Propeller Sets, cp (Complete Database)

1cp, 1, 1%
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Figure3.18. Vehicle breakdown bthe number of coaxial propeller sets,.cp

3.1.1.1.17 Target Operation Year

Figure3.19 shows the UAM vehicl®peration readinedsy the target yeaiOut of 212 vehicles,
167 vehicledatawerenot available for thisgracked parameteManufacturers are targeting that
38% of thed5 vehicles with available projections will hely operationaby 2023 All 45 vehicles
are expected to be in full service by 2030.

Target Operation Year (Complete Database)
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m2023

B
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Figure3.19. Vehicleoperation readineds/ thetarget year

3.1.1.1.18Type of landing Gear

Figure 3.20 shows the breakdown of UAM vehigldy the type of landing gea®ut of 212
vehicles, 16 vehiclelatawerenot available for thisracked parametelhe mostcommon types

of landing gear areskids/legs, followed by retractable tricycle gear and fixed tricycle gear.
Vehicles with skids/legs landing geascount fol52% of the marketwhile retractable and fixed
tricycle represen4% and 20%respectively.The vehicles with the remaining typetlanding
gearmake upghe other 4% of the market.
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Type of Landing Gear (Complete Database)
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Figure3.20. Vehicle breakdown by type of landing gear

3.1.1.1.19 Number of Passengers

Figure3.21 shows the breakdown of UAM vehislby the number of passengéfar clarification,
the pilot is not counted as a passendeut of 212 vehicles, 12 vehictatawerenot available for
thistracked paramete¥ ehicles that carrpnepassenger are the most commeith 24% of the
market followed closely byzeropassenger vehicles with 22%ur-passenger vehicles with 20%,
andtwo-passenger vehicles with 18%lthough the data is somewhat teaed,a subtle trend
suggests that the more passengers the vehicles cantbharlysscommonit is. Each vehicle type
makes up 3% or less of the market for vehic@syingat least four or more passengers

From the 0 PAX category, 9%f these 45vehicles do not provide enough information, 24%
represent PAV mission vehicles that will be piloted by the user (not autonomous or remotely
piloted), and 67% are related to cargo missions. Within the cargo mission vehicles, 90% claim to
be either autonomauor remotely piloted, and only 7% are piloted; the remaining 3% do not
provide enough information.

Number of Passengers (Complete Database)

3 PAX, 14, 7% 5 PAX, 5, 3%

SPAK 4,2%

12 4 PAX, 41, 20% ?PAx 1,0.5%
aPAx 1,0.5%
spr 2,1%

10 PAX, 2, 1%
o Available ® Mot Available

Figure3.21. Vehicle breakdown bthe number of passengers
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3.1.1.1.20 Type of Battery

Figure 3.22 shows the breakdown of UAM vehicle popularity by the type of battery (only for
electric vehicles)Out of 120 electricvehicles,data for75 vehicles were not available for this
tracked parametefhemost common type of batteryLi-ion, followed byLi-Po andother non
specifiedLithium-basedLi-ion vehiclesmake up53% of the marketwhile Li-Po and Lithium
basedatteresmake 25% and 22%espectively.

Type of Battery (Complete Database)

Lithium-based,
10, 22%
Li-ion, 24,
= Li-Po, 11, S

25%

Figure3.22. Electric vehicle breakdown by type of battery

3.1.1.2 UAM Aircraft Main Characteristics Comparative Analysis for the Complete Database

The following sections present comparisons between vehaigeandvarious parameters such

as payload, cruise speeds, endurance, thachumber of passengers for 212 vehicles in the
complete databaseowever, it is noteworthy that some of these vehicles do not have the available
data for all the parameters; thus, the pansors only include the vehicles with the details for the
studied parameters.

3.1.1.2.1 Range vs. Payload

Figure3.23 shows thevariation of total payload with respectttee rangefor different architecture
vehicles Most wingless multicoptevehicles hae a shortrangeof about200 milesanda payload
capacity of fewer than 1000 Ib, which are among the lowest values compared to other
architecturesOn the other hand, tH#t + cruise vehiclefave ranges afloseto 1,600 milesand
payloads of up t6,0001b. While electricrotorcraftseem to hava viable range and payload for
short andlight-haul missionslift + cruisevehicles are the most practical for longangeand
heavier mission8Between the extremes of the spectrum, the vectored thrust vehiclesrate

of more thanl,200 milesand payload up t0,500 Ib are most suitable for moderate range and
payload operations.

To betterillustratethe key takeways flom Figure 3.23, Table3.1 shows the range and payload
information of several UAM vehiclewith different architecturefrom the databas&hang 216
and Volocopter Volocity, twavingless multicopter vehict have the shortest range of 2@&iiles
anda payload of only 485 Ibwhereas Pegasus Vertical BJdifa+ cruisevehicle, has the longest
range of 1320 miles and payload of 860 Ib. The other vehicles with the vectored thrust
configuration have a range between 6@ 90 miles and a payload capacity up to 992 Ib.
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Range vs. Payload

Payload [ib]

o®el
“FE oy o
e g g - =
IR K

=

Range [miles]

Pegasus
Vertical BJ

Range: 1320 miles
Payload: 5864 Ib

Range: 1150 miles

, Sabrewing
Rhaegal RG-1 Payload: 5400 Ib
i R : 6521 mil
, Ray Aircraft ange: miles
Vrol Payload: 4409 Ib
Skyworks Range: 587 miles
ScoutHawk Payload: 920 Ib
Range: 150 miles
v JobyS$41.0
Payload: 850 Ib
Beta Alia- Range: 288 miles
S Payload: 1020 Ib
Volocopter Range: 22 miles
VoloCity Payload: 441 Ib
Vertical VA- Range: 100 miles
X4 Payload: 992 Ib

Figure3.23. Range [miles] vs. Estimatedtal payload [Ib].

Table3.1. Range and pagadinformation ofseveral UAMvehicles

Vehicle
Ehang 216
Beta Alia250c
Lilium Jet 4PAX
Archer Marker 2 PAX
Pegasus Vertical BJ
Joby S4 1.0
Volocopter VoloCity
Vertical VA-X4
Hyundai SA1
Pipistrel Nuuva V300

Vehicle Architecture
Wingless Multicopter
Lift + Cruise
Vectored Thrust
Vectored Thrust
Lift + Cruise
Vectored Thrust
Wingless Multicopter
Vectored Thrust
Vectored Thrust
Lift + Cruise

3.1.1.2.2 Range vsNumber of Passengers
Figure3.24 shows thenumber of passengers for each vehicle thedxpected rangtor different
vehiclearchitecture. Most wingless multicopter vehicles\aa short range adbout200 miles
andatransport capacitpf two passengersvhich are among the lowest values compared to other
architecturesLift + cruise vehicles, on the other hand, have rangpso 1,600 miles and a
transport capacity of up teix passengerdVhile electricrotorcraftseem to havea viable range
andtransport capacitfor short and lighthaul missiondjft + cruisevehicles are the most practical

for longerrange and heavier missioms.between the extremes of the spectrum, the vectored thrust

Range [miles]

22
288
190

60

1,320

150
22
100
60
1550

Estimated Total Payload [Ib]

485
1020
850
850
5,860
850
441
992
850
1014
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vehicles witha maximumrange of about OO milesand transport capacity of up hine people
are most suitable for moderate range atatge number of passenger transport operations.

To better illustrate the key ta&ways fromFigure3.24, Table3.2 shows the range amiimber of
passengersf several UAM vehiclesvith different architecturefrom the databas&hang 216, a
wingless multicopter vehicle, has the shortest range ohif&s anda transport capacitegf only
two passengersvhereafBeta Alia250¢ alift + cruisevehicle, has the longest range2®0 miles
andatransport capacitgf 5 passenger3 he other vehicles with the vectored thrust configuration

havearange betweefh50 to 190milesandatransport capacity dbur passengers

Number of Passengers

Range vs. Numbers of Passengers (Complete Database)

amsna ¥ & . - = .
\ Range [miles]

Range: 1320 miles

Pegasus
Vertical BJ PAX: 6
Flexcraft Range: 575 miles
VERA PAX: 9
Horizon Auto- Range: 497 miles
Copter PAX: 3

Range: 770 miles
PAX: 5

» XTI Trifan600

Range: 150 miles
» JobyS541.0

PAX: 4
Beta Alia- Range: 288 miles
250¢ PAX: 1
Volocopter Range: 22 miles
VoloCity PAX: 1

Vertical VA- Range: 100 miles

X4 PAX: 4

-

Figure3.24. Range [miles] vs. Number of Passengers

Table3.2. Range and humber of passengerseyeral UAM vehicles

Vehicle
Ehang 216
Beta Alia-250c
Lilium Jet 4PAX
Wisk Cora
Joby S4 1.0
Volocopter VoloCity
Vertical VA -X4
Hyundai S-Al
Pipistrel Nuuva V300
Volocopter Voloconnect

Vehicle Architecture
Wingless Multicopter
Lift + Cruise
Vectored Thrust
Lift + Cruise
VectoredThrust
Wingless Multicopter
Vectored Thrust
Vectored Thrust
Lift + Cruise
Lift + Cruise

Range [miles]

Number of Passengers
22
290
190
25
150
22
100
60
1550
62

O PP PEPLBAEADNMNPPOODN

168



3.1.1.2.3 Range vsCruise Speed:

Figure3.25 presents the cruise speed and rafogeifferent architecture vehicles. Most wingless
multicopter vehicles hae a short range diewerthan200 miles andh cruise speeaf about 100
mph, which are among the lowest values compared to other architedtiftescruisevehicles,

on the other hand, have rangesipto 1,600 miles anaruise speeslup to nearly 500nph.While
electric rotorcraft seem to have viable range and transport capacity for short and -igtutl
missions,lift + cruisevehicles are the most practical for longange andaster missions.In
between thespectrum extremesectored thrust vehicldgve a wide variety of estimated ranges.
Some of these vehicldsmveestimated ranges of nearly 400 milgsise speesicomparable to
lift + cruise architectures. Thesehiclesare most suitable for moderate range and cruise speed
operations.

To better illustrate the key takways fromFigure3.25, Table3.3 shows the range armduise speed
of several UAM vehicles with different architectures from the datalidsang 216, a wingless
multicopter vehicle, has the shortest range of 22 milesaandse speedf only 62 mph whereas
Pipistrel Nuuva30Qalift + cruisevehicle, has the longest rangelgB50miles anda cruise speed
of 100 mphThe other vehicles with the vectored thrust configuration laaaege betweebO to
100miles andcruise sped between 75 th75 mph

Range vs. Cruise Speed Pegasus Range: 1320 miles
Vertical BJ Cruise Speed: 472 mph
Range: 770 miles
» XTI Trifan 600

Cruise Speed: 345 mph

eed [mph)

Horizon Auto- Range: 497 miles
" *-e Copter

Cruise Speed: 216 mph

n:..n.:)n nt L he L . . Range: 1200 miles

*  Samad S5U
= Cruise Speed: 200 mph
Rang 1
LAY
_ — — i Lilium Jet 7 Range: 155 miles
. PAX Cruise Speed: 175 mph
~ ° il T ° R Beta Alia- Range: 288 miles
£ ‘ ot ) 250¢ Cruise Speed: 170 mph
Volocopter Range: 22 miles
- 3 . VoloCity Cruise Speed: 62 mph
. Vertical VA- Range: 100 miles
X4 Cruise Speed: 150 mph
Range [miles]

Figure3.25. Range [miles] vs. Cruise speed [mph]
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Table3.3. Range and cruise speed of several UAM vehicles

Vehicle Vehicle Architecture  Range [miles] Cruise Speed [mph]
Ehang 216 Wingless Multicopter 22 62
Vertical Aerospace VA X4 Vectored Thrust 100 150
Pipistrel Nuuva V300 Lift + Cruise 1,550 100
Archer Marker 2 PAX Vectored Thrust 60 150
Lilium Jet 7 PAX VectoredThrust 155 175
Beta Alia-250c Lift + Cruise 288 170
Volocopter Volocity Wingless Multicopter 22 62
Hyundai S-Al Vectored Thrust 60 180
CityAirbus NextGen Vectored Thrust 50 75

3.1.1.2.4 Range vsEndurance

Figure3.26 shows the scatter plot of range against endurance for different architecture vehicles.
Most wingless multicopter vehiclesv®a short range cdbout200 miles and endurance of about

1 hour,which are among the lowest values compared to other architedtiftescruisevehicles,

on the other hand, have rangesipfo 1,600 miles and endurance of up to 12 howhile electric
rotorcraftseem to hava viable range and transport capacity &hort and lighthaul missions,

lift + cruisevehicles are the most practical for longange and endurance missiohsbetween

the extremes of the spectrum, the vectored thrust vehiclesawathge of about,200 miles and
endurance of up to 13 houneanost suitable for moderate range and high endurance operations.

To better illustrate the key tatways fromFigure3.26, Table3.4 showsthe range and endurance

of several UAM vehicles with different architectures from the dataldseng 216 and Volocopter
Volodrone, the wingless multicopter vehicles, havedtartest range between 22 to 25 miles and
endurance of 0.4 and 0.5 hoursspectively, whereas Pipistrel Nuuva300, aHiftruise vehicle,

has the longest range of 1,550 miles and an endurance of 12 hours based on a cruised velocity of
100 mph and a maxium speed of 137 mph. The other vehicles, Lilium Jet 4PAX and Lilium Jet
7PAX, with the vectored thrust configuration, have a range between 155 and 186 miles and an
endurance of 1 hour.

Table3.4. Range andrelurance of several UAM vehicles

Vehicle Vehicle Architecture  Range [miles] Endurance [hr]
Ehang 216 Wingless Multicopter 22 04
Lilium Jet 4PAX Vectored Thrust 186 1
Lilium Jet 7PAX Vectored Thrust 155 1
Wisk Cora Lift + Cruise 60 0.5
Pipistrel Nuuva V300 Lift + Cruise 1,550 12
Volocopter Volodrone Wingless Multicopter 25 0.5
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Endurance vs. Range

Pipistrel Range: 1550 miles

" Nuuva V300 Endurance: 12 hr

Range: 1243 miles
*  Avioneo 2345
Endurance: 13 hr

Range: 805 miles
. Moller Skycar B!

Mdoo Endurance: 6 hr

sk ks Range: 587 miles
ScoutHawk Endurance: 8 hr
Lilium Jet 7 Range: 155 miles
PAX Endurance: 1 hr
Range: 25 miles
o Wisk Cora
- Endurance: 0.5 hr
Volocopter Range: 25 miles
Volodrone Endurance: 0.5 hr
Range: 22 miles
Ehang 216
Endurance: 0.4 hr

Figure3.26. Range [miles] vs. Endurance [hr]

3.1.1.2.5 Manufacturers per Country

Figure3.27 showsthe total number of manufacturers per country from the complete database until
June 2021The top countries with the highasimberof manufacturers arthe USA, Germany,
France, Russjandthe UK. The US leads the global market with 54 manufacturers, followed by
Germany and France with 14 and 9 manufacturespectively As the UAM market becomes
more popular, the number of manufactuiisraxpected to increase accordingly.
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Total Number of Manufacturers per Country (Complete Database)

Switzerland,
China, 3 Ita
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aly, 3
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1 21 ia, 1 k1

Figure3.27. Total number of UAM vehicle manufacturers per country

3.1.2 Top 10+ VehiclesSubset

It is reasonable to expect that only a few vehicles from the complete database will successfully
take their designs to tlogeration phasewith this in mind, theentire database was reduced to the
vehicles with the highest likelihood of succeedingm the Topl12 OEMs based on the AAM
Reality Index (ARI) Table3.5, updated orFebruary 21, 202%howsthe Top 2 OEMs of the
databaseanda totalof 18 vehicles.

The ARI isarating toolthat isdescribed as follosby their developers SMG Consultinhased

on a proprietary formula that uses publicly available information as well as expert knowtedge.
helps assess the indusamtrantsprogressoward the delivery of a certified productradssscale
production.While at launch14 OEMs were rated, the tool is periodically updated to include new
entrants as well as any new information on existing entrévgsplan to expand the tool to other
areas of the AAM ecosysteniThe tool is unbiased and datased.It is not meant as an
endorsement or a critique of any specific company, but as a simplefoeasy guide to the
complexities of the AAM industy(SMG Consulting LLC, 2022)

TheARI is based on five elements:

The funding received by the company

The leading team

The technology readiness

The certification progress

The production readiness towdtd -scale manufacturing

Gk wbdeE
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Table3.5. Top 12 OEMs and their 18 TOL vehicles studiedData from(SMG Consulting LLC, 2022)

Rank OEM ARI Funding [$M] Vehicles Country
1 Joby Aviation 8.4 $1,844.6 S4 USA
2 Beta Technologies 7.8 $511.0 Alia S250c USA
. Jet 4 PAX
3 Lilium 7.8 $938.0 Jet 7 PAX Germany
4 Wisk 75 Corporate Cora USA
backed
EH 216
5 Ehang 7.4 $132.0 EH 216L China
EH 116
VoloCity
6 Volocopter 7.3 $376.6 Volcanic Germany
VoloDrone
7 Pipistrel 7.2 Corporate Nuuva V300 Slovenia
backed
Maker 2 PAX
8 Archer 7.2 $856.3 Maker 5 PAX USA
. Corporate CityAirbus
9 Airbus 7.0 backed NextGen France
. Corporate
10 Hyundai 6.7 S-Al South Korea
backed
11 Astro Aerospace N/A N/A Elroy USA
12 Vertical Aerospace  N/A $294.0 VA-X4 UK

3.1.2.1 Top 10+ Subset Database Bakdown
This sectiorpresentsimilar analyss done in Sectio.1.1but withafocus on the tod8vehicles

subset database rather than the complete database with 212 vamic@sore focused analysis
aims toprovide a deeper insigimto the market conditions since these top vehicles have the best
chanceto succeed in the operation phase.
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3.1.2.1.1 Vehicle Architecture

Figure3.28 shows the breakdown ¢dp UAM vehicles by architectureData were available for
all 18 vehicles. Vehicle achitectures, in order of most to least commoare vectored thrust,
wingless multicopterandlift + cruise.The vectored thrust dominates% of the marketfollowed
by the wingless multicopter share 38%, and lift + cruise share d22%. No electric rotorcraft are
in this subset Electric rotorcraftis the closest configuration to conventiomatorcraft and
therefore is the configuration wherthe industry has morknowledge and experienckowever,
none of thecompaniesncluded in the Top 10+ database sulz$eisethis configuration.

Vehicle Architecture (Top 10+)

m Vectored Thrust
m Wingless Multicopter
m Lift + Cruise

Electric Rotorcraft

Figure3.28. Top vehicled Architecture

m Available m Not Available

3.1.2.1.2 Type of Propulsion System

Figure3.29 shows the breakdown ¢dp UAM vehicles by type of propulsion systerbata were
available for allL8 vehicles Ninety-four percenbf the designs utilizelectric propulsionwhile a
single design uses a hybrid system.

Type of Propulsion System (Top 10+)

o
0 ) = Hybrid

® Electric
m Available ®Not Available

Figure3.29. Top vehicleg Type of propulsion system

3.1.2.1.3 Maturity Level

Six vehicles from the Top 10+ database have claitheg are workingvith authoritiego certify
their aircraft for flight. Table3.6 summarizethose vehiclealong with the agencies atite Parts
under whichthey are planning tbe ertified. Figure3.30illustrates the maturity level for the top
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10+ vehicles set studie@ut of 18 top vehicles, 4 vehicle dat@nenot available for this tracked
parameterT he mostcommon maturity level is ongoing certification, followed by prototype build
subscale flight test, and fusicale flight testThe ongoing certification vehicleomprise43% of

the market, nearly doublgithe prototype build vehicles of 22% and subscale flight test vehicles
of 21%.The remaining 2% belongs toll -scaleflight test vehicles.

Maturity Level (Top 10+)

6, 43%
® Prototype Build

Subscale Flight Test
Flight Test

Ongoing Certfication

2,14%
u Available m Not Available

3,21%

Figure3.30. Top vehicled Maturity level

Table3.6. Top vehicles and their Type Certificate approach

OEM Vehicle Agency Part
Joby S41.0 FAA Part 23
Lilium Jet 4 PAX EASA SGVTOL
Ehang 216 CAAC N/A
Wisk Cora FAA N/A
Volocopter VoloCity EASA SGVTOL
Astro Aerospace Elroy FAA N/A

3.1.2.1.4 Certification Plans

Figure 3.31 shows the breakdown of top UAM vehicles by the certification age@ay.of 18
vehiclesdata were not available for four vehicl&be most to least common certification agencies
are EASA, FAA, and CAAC. With a difference of 7% between each other, FAA and EASA
togethercomprise79% of the market.

Figure3.32 provides more insight into the top vehiclegh ongoingcertificationunder FAA (a)
and EASA (b) guidelinesOnly one of the five vables with ongoing FAA certification had
available data. TénJoby S4 1.0 vehicls ongoing certification under Part 28ll six vehicle data
with the ongoing EASA cdification wereavailable for thigracked parameter. Under the EASA
guidelines, the common types of certification are-\BKOL and CSUAS. SGVTOL has the
highest market share of overwhelmin@$§%, while CSUAS takes the remaining share of 1.7%
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Certification Agency Plans (Top 10+)

0, 0%
mFAA
‘ m EASA
m CAAC
Other
m Availabile m Not Available

Figure3.31. Top vehicle§ Certification agency

FAA Type Certification Plans (Top 10+) EASA Type Certification Plans (Top 10+)

o
b ’ m SC-VTOL
W Part 23

m CS-UAS
m Available = Not Available ® Available = Not Available

(a) (b)
Figure3.32. Top vehicles (a) FAA certification and (b) EASA certification

3.1.2.1.5 MTOW

Figure3.33 shows the breakdown of top UAM vehicles by MTO®Ut of 18 vehiclesjata were
not available for five of the vehicles. The most common MTOW rangavehicle is under 2,000
Ib, followed by ranges between 6,000 Ib an¢DDO Ib and 2,000 to 4,000 Ibhe trend analyzed
from this datasuggestdhat the lower the MTOW, the more popular the UAM vehicl&éke
MTOW vehicleswith less than 6,000 lbmake ug9% of the marketThe remaining 31% belongs
to vehicles with MTOW between 6,000 and 10,000 Me.vehicles in this subset have MTOW
exceeding 10,000 Ib.

Maximum Takeoff Weight [Ib] (Top 10+)

3,25% 0, 0%
= 0 < MTOW < 2000
\ = 2000 < MTOW < 4000
= 4000 < MTOW < 6000
6000 < MTOW < 10000
m Available = Mot Available
MTOW > 10000

Figure3.33. Top vehicles Maximum takeoff weightNITOW) [Ib].
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3.1.2.1.6 Mission Purpose

Figure 3.34 shows the breakdown of top UAM vehicles by the primary (a) and secondary (b)
missiors. Datawereavailable for the primary mission of all 18 vehicles. Secondary mission data
was not available for 12 of the 18 vehiclas.taxi is the most common primary missidollowed

by cargo, regional, and PAn the other hand, the most to least common secpmaiasions are
cargo, PAV, and air taxMost vehicles are being designed and constructed to operatdass,

but as with those in the complete database, some vehicles have aasgcorsdion. Some
manufacturers approach these mplirpose missiongy modifying the vehicle as required. Some
modificationsinclude removing or adding the passenggsts to switch between air taxi to cargo
and viceversa, like BETA ALIA250c.

Vehicle Mission Purpose (Top 10+)

1,5%
1,6% ®Air Taxi
m Cargo

m Regional

m Available ® Not Available PAV

(a)
Secondary Mission Purpose (Top 10+)

12 .

m With 2nd Mission
W/0 2nd Mission OR N/A

0, 0%

0, 0%1

2,33%

| Air Taxi
u Cargo

= EMS

Regional

PAV

(b)
Figure3.34. Top Vehicles Mission Purposéa) primary and (byecondary

3.1.2.1.7 AutonomylLevel
Figure3.35shows the breakdown of top UAM vehicles by the aatoy level.Data were available

for all 18 vehiclesThe piloted vehiclezomprise61% of the marketwhile autonomous and
piloted remotelywehiclesmake28% and 11% of the market shgnespectively.Even though the
certification progress and the technology readiness play a role in the ARI score, a few vehicles in
the Top 10+ subset are designed to operate autonomdiadile 3.7 presents the autonomous
vehicles found in this subset.
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Autonomy Level (Top 10+)

m Piloted

B Autonomous

® Piloted Remotely

m Available m Not Available

Figure3.35. Top vehicles Autonomy level

Table3.7. Top 10+ SubseAutonomous Vehicles

. . . Target
OEM Vehicle Vehicle Type Maturity PAX Operation Year
Wisk Cora Lift+Cruise Ongoing Ceification 2 2024
Ehang 216 Wingless Multicopter Ongoing Ceiification 2 2025
Ehang 116 Wingless Multicopter N/A 1 N/A

Pipistrel Nuuva V300 Lift+Cruise N/A 0 2023

Ae?c?éisace Elroy Wingless Multicopter Ongoing Ceiification 1 N/A

3.1.2.1.8 Estimated Total Payload

Figure3.36 shows the breakdown of top UAM vehicles by the estimated total paybada . were
available for all 18 vehicled/ehicles withpayload between 500 and 1,000 dtomposes0% of
the market, followed by vehicles wittayloadsless tharb00 Ib, which make upanother 33%.
Vehicles with payloaslhigher thanl000 Ib seea market share of abod%.

Estimated Total Payload [Ib] (Top 10+)

0, 0%

N

m0<P<500

m 500<P <1000

m 1000 <P <2000

m Available m Not Available P = 2000

Figure3.36. Top vehicle§ Estimated total payload [H.
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3.1.2.1.9 Maximum Cruise Altitude AGL

Figure3.37 shows the breakdown of top UAM vehicles by maximenmisealtitude (AGL). Out

of 18 vehiclesdatawere not available for 15. Two vehicles are intended to operate between 1,000

and 2,000 ft AGL, while the other with available data is slated to operate between 4,000 and 6,000

ft. Thisparametea gai n highlights that evesomdaperatiandle mos
characteristics are still available or noyetdefined.

Maximum Cruise Altitude AGL [ft] (Top 10+)

0, 0%
0, 0% /
1
m 1000<h <2000
P ® 2000 <h = 4000
15 = 4000 <h = 6000
u Available m Not Available 6000 <h

Figure3.37. Top vehicles Maximum cruise altitude above ground level (AGL).[ft]

3.1.2.1.10 Maximum Operating Altitude MSL

Figure3.38 shows the breakdown of top UAM vehicles by maximum operating altitude MSL.

for the previous parameter, very limited information is availablé.ddu8vehicles, data were not
available for 13f them Of the vehicles with available data, four intend to operate below 10,000
ft above MSL and the remaining vehicle below 20,000 ft. No vehicles are intended to operate
above 20,000 ft.

Maximum Operating Altitude MSL [ft] (Top 10+)

m Available m Not Available

0, 0%

m0<h<10,000

m 10,000 <h < 20,000

13
m20,000<h

Figure3.38. Top vehicles Maximum operating altitude mean sea level (MSL) [ft]

3.1.2.1.11 Cruise Speed
Figure3.39 shows the breakdown of top UAM vehicles by cruise speed. Out of 18 veltiatas,
were not available fdiour (4)vehiclesThe most common cruise speedslagveenl20 and 180
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mph, with 43%o0f vehicles with available datandbetweer60 and 80 mpkith 36%. No vehicles
are expected to operate above 180 e other cruise speedske uphe remaining 2%.

Cruise Speed [mph] (Top 10+)

m40< V<60
me0<V<=80

m80<V=120

120<V =180

m Available m Not Available
180<V

Figure3.39. Top vehicles Cruisespeed [mph]

3.1.2.1.12 Endurance
Figure 3.40 shows the breakdown of top UAM vehicles by endurafug. of 18 vehiclesdata

were not available for six vehicleSeven vehicles (64% of this subset) expect to have an
endurancédetween 0.2 and 0.5 h Vehicleswith endurancéetween 0.75 and 1 houarake up
anotherl8%. No vehicles in this subset expect to have an endurafriess than a quartdrour.

Note that only one vehicle has an endurance greater2thanrs the Pipistrel Nuuva 300This
aircraft isa lift + cruise vehicle with an endurance of 12 hours that will be used for cargo
operations.

Endurance [hr] (Top 10+)

2,17%

m0<E=0.25
m0.25<E=0.5
m05<E<0.75
0.75<E=<1
1<E=2
m2<E*

0, 0%

m Available ® Mot Available

*Wehicle with E > 2 hr— Pipistrel Nuuva 300;E=12hr

Figure3.40. Top vehicles Endurancdhr].
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3.1.2.1.13 Airframe Material

Figure3.41 shows the breakdown of top UAM vehicles by airframe material. Out of 18 vehicles,
data verenot available for eight vehicleSeven of the vehicles in this subpkan to use composite
airframes while the remaining three anticipate using a compasitestallic airframe. No
companies in this subset anticipate relying on a completely metallic airframe.

Airframe Material (Top 10+)

m Composite

m Metallic

m Composite + Metallic

| Available = Mot Available

Figure3.41. Top vehicles Airframe Material

3.1.2.1.14 Number of Lifting Propellers

Figure3.42 shows the breakdown of top UAM vehicles by the number of lifting propeData
were available for all 18 vehicle$he most common are vehicles with 8, 12, and 16 lifting
propellers Eachconfiguration represents 22% of this subsellowed by 18 and 36 propellers
vehicles with 11%.

Number of Lifting Propellers (Top 10+)

m Available = Mot Available

Figure3.42. Top vehicles Number of lifting propellers,.p

3.1.2.1.15Number of Forward Propellers
Figure3.43 shows the breakdown tietop UAM vehicles by the number of forward propellers.

Out of 18 vehicles, data were not available for eleven (11) vehMkscles with singlend no
forward propelles are the most common. Each represents 43% of the market, followed by 2
propellers vehicles with the remaining 14Besigns with 3 to 10 propellers are not present in this
Top 10+ subset
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Number of Forward Propellers, fp (Top 10 +)

N

m Available m Not Available

3fp, 0, 0%
4fp,0, 0%
8fp, 0, 0%
10fp, 0, 0%

Figure3.43. Top vehicles Number of forward propellers

3.1.2.1.16 Number of Coaxial Propeller Sets

Figure3.44 shows the breakdown of top UAM vehicles by the numberoaxial propeller sets.
Out of 18 vehiclesdata were available for all but one vehicle. Most vehicle destgresve do
not plan to utilize coaxial propellers, while four plan to utilize eight coaxial propellers.

Number of Coaxial Propeller Sets (Top 10+)

m Available m Not Available

Figure3.44. Top vehicles Number of coaxial propeller sets

3.1.2.1.17 Target Operation Year
Figure3.45 shows the top UAM vehicle operation readinesghigytarget yeaOut of 18 vehicles,

data were not available for six vehicles in this subdeist of the vehicles included in the subset,

about 83%, plan to start operations in or before 20BB.remaining portion of vehiclésplanning

on operating beire the end of the decadgonsidering that only 6 vehicles are currently ongoing
certification,this date mayave to beextendedTable3.8 presents the top 10+ subset vehicles and
their target operation year.
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m Available

Not Available

Target Operation Year (Top 10+)

m2023

m2024

2025

2026 -2030

2030+

Figure3.45. Top vehicles Target operation year

Table3.8. Top 10+ Subse¥ehiclesi Target Operation Year Summary

. . . Autonomy Target
OEM Vehicle Vehicle Type Maturity Level Operation Year
Joby S41.0 Vectored Thrust On.gom.g Piloted 2024
Certification
Beta . ALIA -250c Lift+Cruise Flight Test Piloted 2023
Technologies
Lilium Jet 4 PAX Vectored Thrust Or!gom_g Piloted 2025
Certification
Lilium Jet 7TPAX Vectored Thrust #N/A Piloted 2024
Wisk Cora Lift+Cruise Ong0|ng Autonomous 2024
Certification
Wingless Ongoing
Ehang 216 Multicopter Certification Autonomous 2025
Wingless Piloted
g o Multicopter AN Remotely LA
Ehang 116 W"?g'ess #N/A Autonomous #N/A
Multicopter
Wingless . Piloted
Volocopter Volodrone Multicopter Flight Test Remotely #N/A
Volocopter Voloconnect Lift+Cruise Subs_c;g!se; Flight Piloted 2026
. Wingless Ongoing .

Volocopter VoloCity Multicopter Certification Piloted 2023
Pipistrel Nuuva V300 Lift+Cruise #N/A Autonomous 2023
Ar.ch_er Maker Vectored Thrust Syl Hig Piloted 2024
Aviation Test
Ar.ch_er Five Seater Vectored Thrust Subscale Flight Piloted #N/A
Aviation Test
Airbus Chgpimas Vectored Thrust  Prototype Build Piloted

NextGen
Hyundai SAl Vectored Thrust  Prototype Build Piloted 2028
Astro Wingless Ongoing

Aerospace =iy Multicopter Certification Rl T A

AVertlcaI VA-X4 Vectored Thrust  Prototype Build Piloted 2024
erospace
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3.1.2.1.18 Type of Landing Gear

Figure 3.46 shows the breakdown of top UAM vehicles by the type of landing @=ta were
available for all 18 vehicles in this subset. Half of the vehicle desigphsde skids/legs. Of the
remaining lalf, retractable tricycle geas slightly favored.n general, kids or legdesignsallow

for weight reduction, whilea tricycle configuration allows the vehicle to take off and land
conventionally if requiredand provides a benefit in terms of aerodymardrag Another
consideration is that aixed landing gearttypically results in higher drag and noise, while
retractable landing gear systems geaerallyheavier.

4]

m Available ®Not Available

Type of Landing Gear (Top 10+)

m Tricycle, Retractable

m Tricyle, Fixed

m Skids/Legs

Figure3.46. Top vehicles Landinggear type

3.1.2.1.19 Number of Passengers

Figure 3.47 shows the breakdown of top UAM vehicles by the number of passefigers
clarification, the pilot is not counted as a parsger)Data were available for all 18 vehicles of this
subset. hicles that carry 4 passengers are the most committn44% of thesubset followed

closely by 1 passenger vehicle with 228602 passenger vehicles with%/ Oneof thevehicles

primary missiors is as a cargo aircraftherefoe not carrying agy passengers he two vehicles
presented in the 0 PAX category correspond to cargo missions where one vehicle is autonomous,
and the other is piloted remotely.

Number of Passengers (Top 10+)

1, 5%

7, 39% r~ m 0 PAX
m 1 PAX

4 m 2 PAX

4 PAX

m Available m Not Available 6 PAX

Figure3.47. Top vehicles Number of passengers
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3.1.2.1.20 Type of Battery

All of the vehicles comprised in the Top 10+ subset, for which the battery type is available (6/18),
use Ltion batteries.

3.1.2.1.21 Pipistrel Nuuva 300

Table 3.9 showsthe specifications othe Pipistrel Nuuva 300, which has thengestrange and
endurance among the top 18 vehiclealsohas a cruise speed of 100 mph améyload capaagit

of 3,750 Ib.Since it is designed fahe cargdransport category, it does not carry any passenger
With these specifications, Pipistrel Nuuva 30@msoutlier when compared to the other top UAM
vehicles.

Table3.9. Pipistrel Specifications

Cruise Max Cruise

Vehicle ~ Range  Speed Speed  Payload Endurance E;Sn;be?]r Z\frs Prgp;‘tlzir;’n
[miles]  [mph] [mph] [b] h] 9 y
Pipistrel _
Nuuva 300 120 — 137 1014 12 0 (Cargo)  Hybrid

3.1.2.2 UAM Aircraft Main Characteristics Comparative Analysis for the Top 10+ Subset

The followingsectioncompareshe rangevith payload, cruise speeds, endurance,thedumber

of passengers for the top 10+ vehicldswever, it isnoteworthythatsome of thee vehicles do

not have the available data for all the parameters; thus, the comparison results only include the
vehicles with the details for the studied parameters.

3.1.2.2.1 Range vs. Payload

Figure3.48 shows theange and payloafdr thetop 10+ vehicles with different architectur@se
wingless multicopter vehicles aa short range dewerthan 50 miles and payload capacity of
about 450b, which are among the lowegalues compared to other architectui®s. the other
hand, the lift + cruise vehicldgve ranges of up to approximatél$00 miles and payloads of up
to 1,0201b. The vectored thrust vehicles witrange of about 200 miles and payload uf,200

Ib are most suitable for moderate range and payload operafibese trends are consistent with
those observenh thecompletedatabase

Range vs. Payload (Top 10+)

Range: 150 miles
v Joby$541.0
o Payload: 850 Ib

Beta Alia- Range: 288 miles

250¢ Payload: 1020 Ib

Payload [Ib]

Volocopter Range: 22 miles

3 VoloCity Payload: 441 Ib
. Vertical VA- Range: 100 miles
X4 Payload: 992 Ib

Range [miles)

Figure3.48. Top vehicles Range vsPayload
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3.1.2.2.2 Range vsNumber of Pasengers

Figure3.49 presents the range and number of passerigetietop 10+ vehicles with different
architecturesWingless multicopter vehicles haa short range ofewer than 50 miles an@
transport capacity of 2 passengers, which are among the lowest values compared to other
architecturesLift + cruise vehicleshat carry passengers havsimilar rangewhen transporting
uptod4occupantS§ he | i ft + crui se c yppassengevsisalonges range h at
of about 1,500 milesl'he vectored thrust vehicles witrange of about 200 miles and transport
capacity of up to 6 people are most suitable for moderate rangelargke number of passenger
transport operations.

Range: 150 miles

Range vs. Number of Passengers (Top 10+) _ Jobysa10
' PAX: 4
: I. ) Beta Alia- Range: 288 miles
[
- 250¢ PAX: 1
nﬁ 4 o9
5 Volocopter Range: 22 miles
E VoloCity PAX: 1
£
=
< 1 &
) . Vertical VA- Range: 100 miles

X4 PAX: 4

Range [miles]

Figure3.49. Top vehicles Range vsNumber of passengers

3.1.2.2.3 Range vs. Cruise Speed

Figure 3.50 showsthe rangeand cruisespeed for top vehicles with different architecturélse
wingless multicopter vehicles haa short range dewerthan 50 miles andcruise speed of about

60 mph, which are among the lowest values compared to other architeBasssngecarrying

lift + cruise vehicles haventermediaterange and cruise speed when compared to wingless
multicopters and vectored thrust vehicl€3n the other hand, the cargo ltcruise vehiclénas a
range ofup toabout 1500 miles and cruise spegdf 100 mph.The vectored thruswehicleswith
arange of abou200 miles and cruise speed up 80Imph are most suitable for moderate range
and cruise speed operations.
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Range vs. Cruise Speed (Top 10+) Lilium Jet 7 Range: 155 miles

PAX Cruise Speed: 175 mph

EE‘ * o - Beta Alia- Range: 288 miles
5! e 250¢ Cruise Speed: 170 mph
o

]

A f

o Volocopter Range: 22 miles

3 * VoloCity

S

Cruise Speed: 62 mph

Vertical VA- Range: 100 miles
.

X4 Cruise Speed: 150 mph

Range [miles]

@ Vectored Thrust = Lift + Cruise

Figure3.50. Top vehicles Range vsCruise Speed

3.1.2.2.4 Range vs. Endurance

Figure3.51 shows the scatter plot of range against enduran¢kdtwp 10+ vehicles with different
architecturesThewingless nulticopter vehicles hae a short range dewerthan  miles andan
endurance of abolt5 hours, which are among the lowest values compared to other architectures.
On the other handift + cruisevehicles hae shown the capacity to reacdinges olup toabout
1,600miles and endurance of up1@ hourswhen in cargaonfiguration Vectored thrusvehicles

with arange of abou200miles and endurance of uptdour are most suitable for moderate range
and high endurance operations.

ili Range: 155 miles
Range vs. Endurance (Top 10+) Lilium Jet 7 8

PAX Endurance: 1 hr

Range: 25 miles

- Wisk Cora
£ Endurance: 0.5 hr
S
E Volocopter Range: 25 miles
E Volodrone Endurance: 0.5 hr
; v Range: 22 miles
2 Ehang 216

Endurance: 0.4 hr

Range [miles]

® Vectored Thrust W Lift + Cruise

Figure3.51. Top vehicle§ Range vsEndurance

3.1.3 UAM ClassificationConclusions

The results, discussed ®ections3.1.1 and 3.1.2 provide a detailed overview of the main
characteristicef the UAM vehiclesbeing developedlhese results allow for identifying trends
and differences between the different propulsion methods considiei®@nportant tonotethat
most UAM vehicles are still in the design phase and not yet reeglyter into serviceHowever,

the OEMSs are inhte race to get their vehicles into the operation phase, whidd accelerate the
growth of the UAM market in the next few years.
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Analyzing the results from both previous sectidfigure3.52 shows the breakdown of the top 18

and remaining vehicles from the complete datalpasarchitectureAs discussed idection 3.1.2,

the top vehiclebave a more realistic chance of succeeding in operations, as indicated ByRiheir
scores gee Table 3.5). The observed trend frofigure 3.52 is that thehigher the number of
vehicles for a particular architecture from the complete database, the higher number of top vehicles
for the same architecture. For examplekigure3.52, vectored thrust is the most commavith

89 vehicles anthe highest number of top vehicles. On the other hand, electric rotorcraft vehicles
have the least number, and at the time of this study, none of them receives an ARI score high
enough teearn a place in the top 18 vehicles. This study suggests that the OEMs are most interested
in investing in vectored thrust architecture than any other architecture.

Number of Vehicle vs. Architecture
(Top 10+ and Other Vehicles)

Others Top 10+ Vehicles
100
90
8
@ 80
(=}
£ 70
2 60
® so0 6
o a
g 40 81
E 30
Z 20 a8 a5 .
10 19
0
Vectored Thrust Wingless Multicopter Lift + Cruise Electric Rotorcraft

Architecture

Figure3.52. Number of vehicles varchitecture (Top 10+ and other vehicles)

Even though vectored thrust vehicles appear tinddesired choice of architectubased on their

high number of top vehicleBjgure3.53 provides a deeper insight into the competition by showing

the max and min ARI scores per architecture. While vectored thrust configuration has the highest
ARI score, it also has the lowest minimum score of only 6.7 arttegpp vehicle architectures.

On the other handift + cruise and wingless multicoptarchitectures haverainimum ARI score

of 7.2 and 7.3respectivelyindicating that these architectur@so havea reasonablgrobability

of suceeding Interestingy , wi ngl ess mul ticopterés max and
and different by only 0.1Based on these numbers aahsideringhe many variables presented

in the operation competitiourrentlyvectored thrusarchitectureseem to have the bedtance

of succeedingwhile lift + cruise and wingless multicopter ackwse behind
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ARI Max and Min per Architecture (Top 10+)

Min Wingless Multicopter Volocopter 7.3
Min Vectored Thrust Hyundai 6.7
Max Vectored Thrust Joby 8.4
Min Lift+Cruise Pipistrel 7.2
Max Lift+Cruise Beta Technologies 7.8
0 1 2 3 4 5 6 7 8 9
ARI

Figure3.53. ARI max and min per architecture (Top 10+)

Lastl vy, to understand better the reasons behi
Figure3.54 compares their overall performance by showing the nozm@lvalues of four critical
variablesi cruise speed, endurance, max range, and total paylb&dnormalization was done
against the maximum value in each variable category to help visualizeoamzhrethese top
vehicles easierOf the 18 vehicles, 6 vaties (2 per architecture) were selected based on their
range's maximum and minimum valu@fie range variable was useddeterminethe vehicles
because ofheir availability for mostof them It is essential to point out that the high endurance
and maxange of the lift+ cruise configuratiomrebecause of one vehicl®ipistrel Nuuva 300
se€elTable3.9). However if Pipistrel Nuuva 30@s treated as an outlier, vectored thrust would show
the best performance for all four variabl®®ctoredthrust vehicles excel in lordistance, fast,
and heavy transport missions compared to the other architecturesjssocisistent with the high
from the OEMs.

Normalized Variables for Max and Min Vehicle
Architecture (Top 10+)

B Max Lift+Cruise Min Lift+Cruise Max Vectored Thrust
Min Vectored Thrust m Max Wingless Multicopter Min Wingless Multicopter

1.000
§ 0.800
.
= 0.600
@
]
‘@ 0.400
£
S
2 0.200 I

0.000 - —

Cruise Speed [mph] Endurance Max Range [miles] Total Payload [Ib]
Variables

Figure3.54. Normalized variables for ma&nd min vehicle architecture (Top 10+)
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To provide more insight into the dateigure3.55 showsanalternative analysis dfigure3.54 by

excluding the Pipistrel Nuuva 30dhd replacing it with the second best #ftruise vehicle in

terms of rangeBeta Technologies Ali250c (indicated by dark blue coloFollowing the same

approach for normalization as discussed previously, it is observed that vectored thrust vehicles
also excel in endurance on top of the payload ange speedwith the caveat that there is no
available endurance data for the AB&0c. Even without Pipistrel Nuuva 300, Hftcruise
vehicles remains the top performer in term of
unchanged in both analyses asldst performer for all categories.

Normalized Variables for Max and Min Vehicle
Architecture (Top 10+ w/o Pipistrel Nuuva 300)

B Max Lift+Cruise Min Lift+Cruise Max Vectored Thrust
Min Vectored Thrust Max Wingless Multicopter Min Wingless Multicopter

1.000
g 0.800
s
= 0.600
@
N
‘@ 0.400
£
S 0.200

0.000

Cruise Speed [mph] Endurance Max Range [miles] Total Payload [Ib]
Variables

Figure3.55. Normalized variables for max. and min. vehicle architecture (Top 10Pipistrel Nuuva
300).

3.2 Task Il i Regulatory Standards Applicability

As described bipe Florig firegulations are intended to promote safety by eliminating or mitigating
conditionsthat can cause death, injury, dra ma (Pe &lorio, 2016) For the UAM aircraft
industry, the conditions necessary definethese certification regulations and standards are still
unknown. As a result, th&JAM industry and the regulatory authorities will initially define these
regulatiorsand standards based bistorical knowledgé&om traditional commercial aircraft used
for both passenger and cargo operatidigese regulations and standards are expecteddve

as more informatiospecific to these novel vehicles is obtained.

From the regulatory agencies' point of view, several aspects constitute a challenge to the
certification process of the UAM aircraft, including but not limited to the distributed propulsion,
the energy storage and distribution systemsugsge ofautomated syems and the variety of
non-conventional architectures (as presented on Se@tihn For instance, even though WA
aircraft are mainly designed for VTOL operatsoand could use theormalrotorcraftstandards

for type certificate (specified in 14 CFR Part 27 or-Z73, electric battery requirements are not
contemplated on those standandsreover, some UAM aircraft can be configured from VTOL to
Conventional Takeff and Landing(CTOL), depending on the mission type increase the
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payload weighte.g., Sabrewing Raegal RT3 Sabrewing Aircraft Companyyvhich could require
them to use the normal category standards for type certifitd&t€ER Part 23 or G33).

This section presents the approduiit EASA and the FAAare currently usingor UAM -eVTOL
aircraft type certificates, as most OEMs will seek certification for their aircraft through those
agencies, as shown fgure 3.5 and Figure 3.31. Also, it discusses technical and regulatory
aspects regarding aircraft crashwortlsisiebattery crash resistance, and noise found at the time of
writing this document

3.2.1 Regulatory Agencies Approach for UAM Type Certificate

As defined in14 CFR Part 38 3.5, the termii iaworthy 06 means t hat an airc
component) conforms to itgpe design and demonstrake trequirementgor its safeoperation.
Considering the UAM aircraft's particular characteristics, maintaining the same airworthiness level

will be challenging using the current regulationsrformatcategory airplanes (14 GPart 23 or

CS-23) andnormatcategory rotorcraft (14 CFR Part 27 or-€%). Consequently, this might drive

the regulatory agencies waborate tailoredgtandarddor eachaircraft, which will eventually

strain the certification procegseeFigure3.56).

14 CFR Part 23 14 CFR Part 27
CS-23 CS-27

Vectored

Thrust Wingless
Multicopter

Normal Lift + ey Normal
Category Cruise Category
Airplanes Rotorcrafis

Figure3.56. UAM architectures with respect to the traditional certification categories

Currently, the regulatory agencies have worked either on adapting the existing standards to cover
the UAM systems, technology, and operations that apply to them or creating new regulations to
account for the fundamental differences that these vehiclesrprigem the traditional aircratft.

For example, sadefined by EASAfithe distinction from conventional aeroplanes is based on the
VTOL capability of the aircraft while the distinction from conventional rotorcraft is based on the
use of distributed propulsn, specifically when more than two lift/thrust units are used to provide

lift during vertical takeoff or| a n d(European Union Aviation Safety Agency, 2019)

One of the components these novel aircraft present are the engines and propellers, and their path
for certification has several unknowns. Besides the technological challenges those components
present for certification efforts, there is also the doubt akéhcomponents might be certified
independently or if they should be certified with the whole aircraft. Although this document does
not go into detail about the certification of a particular component, this is a good case scenario to
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present the FAA and ehEASA approach. While the FAA does not provide a specific pladise
components came certified independently using some sections of Part 33 and some of the
accepted ASTM MOCs for Part 23 Amdt.-B3 (i.e., on ASTM F3064 and F306%)n the other

hand EASA, on their Special Condition VTOL.2400(furopean Union Aviation Safety Agency,

2019) requiresithe engine, propeller, and auxiliary power unit to be certified Fur t her mor e
MOC.VTOL.2400(b) from MOC SGVTOL lIssue 2(European Union Aviation Safety Agency,

2021b) EASA accepts th&pecialCondition E-19 asa specification to be met by electric/hybrid

lift/thurst units that are installed on VTOL aircraffrom this it is understood that those
components can be certified independently

This section briefly discusses the approach that EASA and the FAA use to address the certification
of UAM vehicles. Even though both agencies agree wsing the traditional certification
requirements as a starting ppithe former is creating a new set of rules specific for VTOL aircratft,
while the latter is modifying the current regulatory framework to readily adapt to new technologies
(Thompson, 2018)Since there are several stages of the certification process, the present section
will mainly focus on theType Cetificate (TC), which is the foundation for other approvals,
including the Production Certificate (PC) andhe AirworthinessCertificate. A TC is a design
approval issued by the regulatory agencies that demonstrate that a produgcesomitpl the
pertinent regulation@~ederal Aviation Administration, 2005)

3.2.1.1 European Union Aviation Safety Agency (EASA)

After reviewing more than 150 VTOLs, EASA identified the possibility of applying the same
certification standards for traditional airplanes {€£8 androtorcraft(CS27) to UAM vehicles,

with some modifications where needélking this patho certifythese novel vehicles will lead to

two significantproblems in the future. The first one is that it requires particular considerations to
develop the modifications néed for eachaircraft which will not ensure equal treatment for all
applicants.The second one is that €3 and C&7 have significant difference3herefore,
depending on which one was used as a certification starting point, some aircraft archiectures
configurations) might present some advantages over ther this reasonin 2019 EASA
published a complete set of dedicated technical specifications in the form of a special condition
for SmallCategory VTOL aircraft (European Union Aviation Safety Agency, 2019his
document intends to create a consistent certification framework for all applicants, ensuring a
comparable level of safety without limiting techaliennovation

The certification requirements introduced on the EASA Special Condition VTOL document
(European Union Aviation Safety Agency, 20H9¢primarily basedon the C&3 Amdt. 5, with
additional elements from C&7, as well as new elements to address the new technologies
presented by these vehicles where needed and establish the safety and design objectives of the
aircraft. In this document, EASA also introded two certification categories for this special
condition depending on the nature and risk of the particular VTOL mission; the Basic and the
EnhancedFor Category Enhancethe aircraft will be required to satisfy all the conditions for a
continued safdlight and landingand to continue to the original destination, or an alternate
vertiport, after failureFor Category Basic, the aircraft will need to meet the controlled emergency
landing requiremenj®.g, controlled glide or autorotation

Later, in May 2020EASA releasedhe first Proposed Means of Complianegh the Special
VTOL (MOC SGVTOL), Issue 1(European Union Aviation Safety Agency, 2020)his

192



document providethe meas necessary to demonstrate compliance with the safety and design
objectives describeih the Special Conditiaand clarifiesthe interpretation of these objectives

as requested by the applicantsastly, based on feedback from industry and other regylato
agencies obtained through tGemment Response Docum¢@RD) forMOC SGVTOL Issue 1
(European Union Aviation Safety Agency, 2021BASA released in May 2021 an updated
version of this proposed means afepliance:Means of Compliance with the Special VTOL
(MOC SGVTOL), Issue 2European Union Aviation Safety Agency, 2021b)

Following the same methodology, in June 2021, the Second Publication of &lddeans of
Compliance with the Special Condition VTOL (MGCSGVTOL), Issue 1(European Union
Aviation Safety Agency, 2021eyas releasedhis second publication proges new MOCs and

adds some amendments to the MOCs already presented in the previous doEomgratctical
reasons, EASA decided to sequence in two stages the final release of the Second Publication of
MOCs with the Special Condition VTOL after receiviripe comments from the public
consultationThe first stage, released in June 2022 as the Second Publication of Proposed Means
of Compliance with the Special Condition VTOL (M&@CSGVTOL), Issue 2(European Union
Aviation Safety Agency, 2022pyontains the final text of all MOCs proposed at MOGG

VTOL Issue 1lfrom the CRD for MOC-2 SGVTOL Issue 1(European Union AviatiorSafety
Agency, 2022a)The second stageill address specific sectionsina Doc. No. (MQGGVTOL)

Issue 3 accompanied by a second issue of the CRizr completion of Issue 3, EASA plans to
release a document as Doc. No. (MOC-BIOL) Issue 3 with all final MOCs for general
conveniencel his MOC SGVTOL Issue 3 was not available at the time of writing this document.

In parallel, the third Publication ofr&posed Means of Compliance with the Special Condition
VTOL (MOC-3 SC-VTOL), Issue 1(European Union Aviation Safety Agency, 2022a)s
released by EASA in June 202Phis new document proposesw MOCs that add to the ones
already published in MOC SETOL and MOG2 SGVTOL. Following the same methodology,
these MOCs will be open for public consultatiédl the commentsvill be documented in a CRD
and discussed/incorpdesl as requiredrinally, EASA plans to issua newand finaIMOC SG
VTOL with all the final MOCs for general convenienégagure 3.57 illustrates the tneline of
EASAG6s MO Condofahre steagasaihd publications releas2ulit, the publications that are
planned to be released were also included.

Finally, it is crucial to mention that EASA clarifies, in its MOCs documents, that some of the
MOCs presatedshould be considered more as a guideline to help the applindetstand the
objective than a definitive MOC
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Figure3.57. E A S A ofar spbt@londitio’v TOL timeline

3.2.1.2 Federal Aviation Agency(FAA)

While EASA is creating a new set of standards to ensure a comparable level of safety for eVTOL
certification undée FAA isimedifyng éxiating adooaft cegutatiosrio
accommodatehenew technologieavailableon UAM aircraft Therefore, e certification process
starts with the FAA establishing the certification basis by identifying the specific 14 CFR parts
and amendment levels with which the applicant must show complidinge.designation of
applicable regulations is statéd 14 CFR Part 218 21.17 Amdt. 21100 (Federal Aviation
Administration, 2017cand provides two options (s€egure3.58).

In the first one; 14 CFR 21.17(a), the applicable requirements are designated to an aircratft,
aircraft engine, or propellahatfi c | os el y chardcteristessof gatiiailar airplane or
rotorcraft class, along with special conditions to address any diffexefBagdser Mckenzie, 2022)
These requirements can be adjusted by developing special condituisalent Level of Safety
findings, and/or exceptions to address any differences specified by the(Féderal Aviatbn
Administration, 2005) Nevertheless, if thexisting airworthinessegulationsdo not contain
adequate or appropriate safety standéodsheaircraft, aircraft engineor propeller because of

its novel or unusual design features, the FAA can issiteamend special conditions under 14
CFR§21.16.

The second option, 14 CFR 21.17(b), allows special classes of aircraft whith not have
airworthiness standards established in 14 G&Rise portions ohirworthiness requirements
contained inl4 CFR Part23, 25, 27, 29, 31, 33, and 3%at the FAA finds appropriate to the
specific type design.
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