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Outline of the Presentation

An integrated approach to model UAM demand
UAM landing site models
Vertiport land requirements
Vertiport cost analysis
Vertiport capacity
UAM vehicle cost models
UAM demand generation
Multi-mode model calibration and applications
Commuter demand
Airport demand
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Integrated UAM Systems
Analysis Model

UAM vehicle
characteristics:
Aircraft range
Payload
Battery life

Operational speed
Aircraft size

UAM Model for Landing Site

lysis by VT Air Transportation Lab
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UAM Areas of Study

/ New York
Study 1: Commuter UAM
Demand with Airspace

Northern California

_ Restrictions
Study 1: Commuter Demand Potential
Study 2: Vertiport Capacity

Study 3: Noise Estimation ‘ ’

' Dallas-Fort Worth
Study 1: Airport Access Trip UAM
Demand

with Airspace Restrictions
Study 2: Noise Estimation

Southern California

Study 1: Airport Access Trip
UAM Demand (LAX) Miami

Study 1: Commuter
UAM Demand
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UAM Landing Site Placement Model,

Landing Site Space Requirements, and
Landing Site Cost Model

Air Transportation Systems Laboratory 6
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A

Demand-Driven, Iterative UAM Landing Site

Desired

Vertiport Location Method
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UAM Landing Site Space Requirements

Estimated UAM landing site requirements for various configurations

| Dimension (feet)

Number of landing pads

\

Number of parking positions

- Min. Distance  [NECRRIZL0) 1075
FATO TLOF and FATO

. i i 1 TLOF area = 1,849 :(e!y}\rea - “
Single Pad UAM landing Site Requirements

Safety area = 10,920 ft? RD = rotor diameter of aircraft
MHR = minimum rotor height

Landin | Parking Landing Pad Hover Taxi Hover Taxi Source: FAA 150/5390-2c (2012)
g Pads Stalls Safety Area Operation Operation
(acres) Parking Stall Area Total Area (acres) tagmasenro
1 0 0.25 (aoc.{)e(b)s) 0.25 = i‘é o
1 1 0.25 0.12 0.38
I 2 0.25 0.43 0.68 ’
1 3 0.25 0.71 0.96 ‘ i‘e }1
1 4 0.25 0.86 111 | [ %= — m]
1 5 0.25 1.07 132 ' {‘e e }1
I 6* 0.46 1.50 1.95 || ) 4 o]
1 7* 0.46 1.73 2.18 ' i‘e ;’1
1 8* 0.46 1.96 2.41 e o s —_—

* Configurations with six or more parking stalls use dual taxi lanes and elongated FATO areas for added flexibility.
The calculations assume an equivalent rotor diameter (RD) of 43 feet.

Air Transportation Systems Laboratory
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UAM Landing Site Life-Cycle Cost Model

The building blocks of the life-
cycle cost model include the
following:

Landing area type (vacant
land, rooftop, parking lot)

Critical vehicle dimensions
Number of landing pads
Number of parking stalls

Number of charging
stations

Staffing of landing site

Lounge areas for waiting
passengers

Lighting requirements

Number of hours of
operation per day for the
landing site)

Landing fees

Percent subsidy to build the
landing site

UAM Model for Landing Site
Analysis by VT Air Transportation Lab

Landing Site * '

Design Type

Ground Level Site Switch
®) Parking Garage Site Switch

Rooftop Landing Site Switch '

Table Top Site Switch
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\— 4
Equivalent Hours of Vertport Use
Daily Landing Vertiport
4 8 1.2 15 ZQ 24 ‘ yOperat?ons i | 300 |

O

| Landing Site Metrics I

I Number of Charging Stations | 4 I
| Landing Site Parking Area | 1.97 | Acres
| Landing Site Cost I aM | Dollars

Landing Site Costs

| Life Cycle Landing Fees | 2™ | Millions

| cumuiative Life Cycte Cost | 26,100,000 | Dollars

| Annual Landing Fees | 1.8M | Dollars
| Annual Costs of Operation | 1.74M | Millions
I Annual Personnel Costs I 52,000 | Dollars
| Cost of Land | 0 I Dollars
[ NetProfitorloss | 856000 | Dollars

‘ Total Annual Cost ‘

|Annual CostsofOperationl 1,740,000 | Dollars

Landing Site Infrastructure Cost
Construction Cost per Square Foot
30 50 70 90 110 130 150

Land Cost per Square Foot
0 50 100 150 200 250 300
O

| Landing Site Cost ‘ 8,000,000 ‘

Model developed in STELLA Author

Air Transportation Systems Laboratory 9
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UAM Vertiport Capacity
and Cost Analysis STee

10 Stochastic Queueing Model
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UAM Vehicle Development Cost and
Operational Cost Models
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A

UAM Vehicle Development and Operational
Life Cycle Cost Models

Generic Model for an Electric Vehicle

Cost Metrics

Life-Cycle
The model represents a 4-seat generic elect| y
Total Cost Per Hour 515

developed by the Air Transportation System| Cost M Od eI

Maintenance Parameters: B/C Aviation and

x10°
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181 _ _
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Aircraft development cost equations
adapted from Nicolai and Carichner (2012)

Uber Concept Vehicle

.
)
-
o

Faroparseatiie | is2 |
TomEmme [ 22|

Annual Costs

Annual Variable Cost 217,

I!

Annual Fixed Costs 49,700

‘Annual Hangar and Office

i
£

Annual Periodic Costs 88,

Annual Personnel Costs

[ EeoticCostparkowH_[_otes | [ Acanspeed [ 18]
Aircraft Purchase Cost ($) Passenger Seats TotalADnial Cost
200k 900k 1.6M 2.3M 3M 1 25 !
ey e o SRS SRR
- - ca Passengers per Flight
LA Annual Pilot Salary ($)
0 375 75 M25 15 1 25 4
: . : % . 50k 725k 95k 117.5k 140k
0, 5 )
Mission Stage Length (nm) Base Energy Cost per KWh Number of Pilots
1 51 101 e Mg W 0 1
'—I¥}— - U
Flight Hours per Year Percent Repositioning Flight Hours Profit Margin
500 1k 15k 2k 25k 0 25 50 0 10 20
(D ) 2,
Engine Overhaul Cost Schedule Parts Expense Engine Overhaul Interval
5k 22.5k 40k 10 25 40 0 5k 10k
2, O \-/

Maintenance data adapted from Conklin and
deDecker (rotorcraft technology)

Air Transportation Systems Laboratory

UAM aircraft life-cycle cost model
include the following:

+ Vehicle unit cost
- Number of annual operations

- Maintenance hours per flight
hour

- Engine overhaul costs

+ Time between overhauls

+ Landing fee per landing

+ Percent of repositioning flights

+ Energy consumption
performance (vs. block speed)

 Energy cost ($/kW-hr)
* Hangar cost
* Pilot vs no pilot switch

* Avionics and interior
refurbishing costs

- Load factor per flight
- Depreciation
- Life-cycle time
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Four-Seat UAM Vehicle Economics: High Utilization and Moderate
Number of Repositioning of Flights

Percent of Flights to Reposition UAM Aircraft
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Four-Seat UAM Vehicle Realistic Economics

Percent of Flights to Reposition UAM Aircraft
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UAM Vehicle Costs in the Literature

UAM Cost per Trip Purpose

SOUIES Passenger Mile ($)
Lilium $4.40 Airport
Joby Aviation $3.80 Not Specified
Ehang $2.28 - $2.74 Not Specified
Per Available Seat Mile
BAH (5-seat eVTOL) $6.25 (near-term) General
$2.5 (long-term)
Goyal et al. (2021) ~$2.50 - $2.85 General
Archer $3.0-54.0 Airport
LEK $7.68 (2025) General
$1.76 (2040)
Brown Lift + Cruise $4.86 Not Applicable (Systems
and Harris | Compound Heli $5.12 Study)
(2020) Tilt Wing $4.33
Tilt Rotor $3.80
Virginia Tech UAM Life Cycle Cost $3.20 to $4.63 Commuter and Airport
Model Trips

Source: Air Traffic Management Exploration (ATM-X) UAM Demand Analysis: Deliverable 1.2

Air Transportation Systems Laboratory
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UAM Demand Models
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Calibrated Logit and Mixed Logit Models to Predict UAM Demand

Metropolitan UAM Model Structure Attributes Considered Model Scope Value of Time
Area Model
Northern Commuter Mixed Conditional In-vehicle travel time, Out- 4.3 million commuters Out-of-Vehicle VOTs
California trips Logit of-vehicle travel time, 17 counties around San Low Income $15.7/hr
Number of transfers. Income | Francisco Bay Area Medium Income $18.22/hr
level (3 categories) High Income $29.30/hr
Cargo Parametric Market High value goods High-value air freight Not applicable
Share Model Time-sensitive shipments
Southern Commuter Mixed Logit Model Travel time, number of 9.1 million commuter trips
California trips transfers, 15 counties
Airport trips | Conditional Logit Travel time, Travel cost, 99,250 daily airport trips Business travelers $52/hr. Non-
Models Resident, Non-resident, business travelers $22/hr.
Business, Non-business,
submodes constants
Cargo Parametric - Market High value goods High-value air freight Not applicable
Share Model Time-sensitive shipments
Dallas-Forth Commuter Mixed Logit Model Travel time, number of 2.9 million commuter trips
Worth trips transfers
Airport trips | Conditional Logit Travel time, Travel cost, 45,750 daily airport trips Business travelers $57/hr. Non-
Models Resident, Non-resident, business travelers $36/hr.
Business, Non-business,
submodes constants
Miami Commuter Mixed Logit Model Travel time, number of 2.5 million commuter trips
trips calibrated in Northern transfers
California

Air Transportation Systems Laboratory
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Calibrated Logit and Mixed Logit Models to Predict UAM Demand

Table 8: Region-specific Calibrated Commuter Mode Choice Models
Dallas-Ft. Worth | North California South California New York

T
IVIT -0.0472* -0.0441* -0.2027*
OVIT -0.0845* -0.110* -0.2299*
Cost -0.307*
Transfers 0.343* 0.139* -0.5384*
Low Income -0.329* -0.7157*
Lower-Mid Income -0.6472*
Mid Income -0.275*
Upper-Mid Income -0.5582*
High Income -0.172* -0.4187*
Transit Constant -0.603* -1.476* -0.1038*
VTOL Constant 0.699 0.612 -0.7496
Pseudo-R* 0.493 0.899
ITVoT
IViTvVoT $8.6, $10.3. $16.5 $8.6 $17.0,$18.8. $21.8. 8§25.1
OVIT VOT $15.4, $18.4,829.5 21.5 $19.3, 8$21.3. $24.7, 833.0

Constraints OVTT/AVIT=25 Typical Model Validation

irport-Access Models for Dallas-Fort Worth 600

——Drop-off Chosen

Coefficient (or Estimate)
Business Tois Non-Business " ---- Drop-off Predicted
N Trips 500 - A ——Park Chosen 1
Drive & Patk 1.1613* 0.0384 % I} --- Park Predicted
Taxi -0.7247* -1.4141* % kA —Taxi Chosen
Mode Rental Car~ 0.5772* -0.2281* 400 A ---- Taxi Predicted
Constants Public Transit 2333% _1.9685* = ',"" ‘ Rental Chosen
i ; < ! Rental Predicted
Rxdeshar:t(cljber, o -1.8706% -1.8531* 96 300 - : l‘.‘ Public Transit Chosen -
Travel Time Total Travel Time -0.0207* -0.0192* el "\ Public Transit Predicted
Travel Cost Travel Cost (Residents) -0.0220* -0.0353* g \.\ ——Rideshare Chosen
Travel Cost (Visitors) -0.0216* -0.0316* g 200 ¢ - Rideshare Predicted
Transfers Number of Transfers -0.2277* 0.3337* =
) 3
0.2952 0.2763
Model Fit p {(Pseado ) 100
Prob > chi” 0.0000* 0.0000*
Value of Resident VOT ($/hr) 56.45 32.54
Time Visitor VOT (S/hr) 57.50 36.38 0 P
*Significance: 0.01
: . . . 0 90 100
“Only applicable to Resident Business Trips . .
*Only applicable to Non-Resident Business Trips One-Way Driving Distance (sm)

Air Transportation Systems Laboratory
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UAM Commuter Demand Data Workflow

National Household
Travel Survey Add-On
Data 2017

Region-Specific Data
Filtering

Simulating Driving Trips in
Open Street Route
Machine API

Simulating Transit Trips in

Open Trip Planner API

Generate Travel Time and
LODES Tra\{el Distance for I%ach
Trip by Mode and its
Alternative Mode

Economic
Data Manually Collected Fare Prices
from Transit Agencies’ Website

in the Study Area

Calculating Economic Calculating Total Travel
Density (Number of Cost

Workers/ Land Area) of

Each Tract in the Region

Developing
Mode-Specific
Cost (Fare)
Functions

Compile Trips with Calculating
Calculated Parameters into Transit/
a Dataset Driving Cost

Developing Calculating
Parking Cost Parking Cost
Function T Analyzing Chosen and
Alternative Trips, Followed
by Data Cleaning

Generating Income
Brackets and Assign
Income Category to the
Trips

ACS Median
Household Income
by Blockgroups

Presence of Trips with
Unreasonable or Erroneous
Parameters

No

Final Dataset

s Laborato
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UAM Airport Trip Demand Workflow

Dallas-Fort Worth/ Dallas
Love Feld Originating
Passenger Survey

Analyze Raw Data, Select Apply Model to Calculate
Trip Modes UAM Demand

Parse Trips Starting Inside
Study Area, and Using
Selected Modes

Open Street Routing
Machine (OSRM) and )
Open Trip Planner (OTP) Adjust Mode Constants

N Simulate Driving and Transit
Directions for OD Pairs

Model Validation
Data Segmentation by

Category (Resident,
Travel Cost Business)

Functions By
Mode

Develop Chosen and
Respective Valid Alternative Intuitive Coefficients?
Trip Modes’ Charateristics

Travel Time
Functions By
Mode

Aggregate Modes (if Calibrate Mode Choice
required) Model

Air Transportation Systems Laboratory
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Class-D Unusable
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o « UAM Vertiport placement affected by
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. * Adding Class-B restrictions reduces demand by 10%-17%
Airs pace 15000 + Adding Class-D vertiport restrictions further reduces demand by <1% =
T * Detouring around Class-D further reduces demand by 3% _;,::::gz
reStrICtlonS » Adding Northflow restrictions further reduces demand by 8%-11% [IScenario 3
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developed by (B Scererio 5
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N AS A Ames = Class-B Class-B Class-D Class-D
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Class B Airspace Restrictions Reduce UAM
Commuter Demand by 40%

x10%
10F . . =
* Adding Class-B restrictions reduces demand by 35%-40% -'sCenarm
ol * Adding Class-D vertiport restrictions further reduces demand by 7%-9% [ Scenario 2|
« Detouring around Class-D further reduces demand by 5%-6% E:gg:g:gi

sl * Adding Northflow restrictions further reduces demand by 5%-6% I Scenario 5/
n
o
E E 75 UAM vertiports Vertiport UAM Vertiport UAM Southflow | Northflow |
E; :E Da”aS-Fort Worth Region glls:::_a gl\laesr:I-)SnQ g';f:.o g;;ir:_)gng Restrictions | Restrictions
5_% < 1 v v v v X X .

O
2 % - X X v v v X
£
S3 4 X X X X v X .
Z e 5 X X X X v v
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2,245 _
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1,309......1,251
B i e 12171 614 350 353 336 321 187 106 105 101 99
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UAM Cost per Passenger Mile ($/sm)
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At $3 per Passenger-Mile and Airspace Restrictions UAM Trips to
Airport Remain Feasible

50 UAM vertiports and airspace restrictions

IZ VirginiaTech

, Southern California Region Dallas-Fort Worth Region
g x10% | | | | 5 x10% | | |
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In Northern California, Doubling the Number of UAM
Vertiports from 50 to 100 Increases UAM Commuter Demand
by 27% at a Cost Per Mile $1.80

20,000 | | .

17,405

400

16,257

300

14,579

15,000 -

11,607

10,185
10,000 9,105
- l I
0 O Ty —— it L
50 75

UAM Passenger Round Trips per Day

100 200

Number of Vertiports

Air Transportation Systems Laboratory
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Eg:r:n;;ngsgg%fm:ms) Cutoff Range: 0 - 10 ) k‘j..?%f | l For New York CommUter Demand

L 3 s is Reduced by 55% if Airspace
o G Restrictions are Applied

Scenario Restrictions
Vertiport Placement| UAM Overflying
Scenario 1 None None
Scenario 2 Only in Class-B Only.ln Class-B
Airspace Airspace
Scenario 3 In Class-B and In Class-B and
Class-D Airspace Class-D Airspace
12 . ; ; 0.6
B Scenario 1 —e— Scenario 1
10 - I Scenario 2| | 05 —*—Scenario 2 |
[IScenario 3 Scenario 3

©
o
~

More UAM commuter trips:
1) Large number of daily trips
2) Higher cost of commuting

IN
©
N

N
o
-

Daily UAM Commuter Person Trips
(Home to Work + Work to Home)
(o]
UAM Commuter Market Share (%)
o
w

o

2 225 25 275 3 325 35 375 4
UAM Cost per Passenger Mile ($/sm)

2 225 25 275 3 325 35 375 4
UAM Cost per Passenger Mile ($/sm)

Air Transportation Systems Laboratory
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Miami Commuter Demand

Daily Commuter Round Trips

Parameter
Walkable Distance To/From Vertiport

0.10 mi

Ingress® Time

5 min

Egress Time

5 min

Average UAM Vehicle Speed

120 mph

Average Walking Speed

3.1 mph

Minimum Trip Distance for UAM Eligibility

10 miles

Average UAM Aircraft Occupancy

24

UAM Fare Base Cost (per- $15
Structure passenger)
Landing Cost (per- $20
vehicle)
Cost Per Mile (CPM) Variable
1,400
1.205 B $2.0 CPM | $2.50 CPM $3.00 CPM
1,050
700
419 442
350
167
_1 10. 50
0 . I 4 mm 8 3 3 0 0
10-<20 20-<30 30-<40 40-<50

One-way Driving Distance (miles)
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Integrated UAM Demand Model Produces Flight Trajectories
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Preliminary Assessment of UAM Noise (Northern California)
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Preliminary Assessment of UAM Noise
(Northern California)

« Achieving a 15 dBA over the the reference helicopter used in the
study (Robinson R22) the land area affected by noise could
decrease by 80%

* The total highly annoyed population would be reduced by 80%

DNL Area Impacted (sq. mi.) Population Impacted Highly Annoyed
Category by Noise Population
Reduction 10 dBA 15 dBA 10 dBA 15 dBA 10 dBA 15 dBA
Scenario

45-50 dBA 97.0 22.7 657,946 159,270 87,126 21,828
50-55 dBA 22.7 1.15 159,270 12,844 38,435 2,870
55-60 dBA 1.15 0.32 12,844 3,317 4,699 1,209
60-63 dBA 0.32 0 3,317 0 1,776 0

Total 121.2 24.2 833,377 175,431 132,036 25,907
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Noise Impacts Using

900 daily UAM operations
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= 45 10.89 1.81 110,811 28,764 21,133 5,485
EnV| ron mental 55 0.70 0.33 11,655 | 4213 5,687 2,055
65 0.16 0.08 1,596 677 1,267 537
D : T I A I : 75 0.03 0.0155 272 93 256 87
esign Tool Analysis &% P TR L

95 0.0002 - - - - -
DNL Contour (dBA) DNL Contour (dBA) )5
45 \ 45 i A’*‘“
155 ~ ) A 155 ~ \
965 < ///‘/ S — B 65 ‘ |
. 75 o .75 = S R,
=55 @
. 05 San Francwscoy 7

\\ ~ \ 9“(
\ / 75
N J [
Ty D e 0 1 2 4 Miles 0 1 2 4 Miles

0.0102 " 04Mies - L ; ' = 0 0102 " 0d4Mies . - =t '7 ' '

15 dBA Reduction compared to R44

Air Transportation Systems Laboratory

10 dBA Reduction compared to R44




@virginjaTech M

Invent the Future

Conclusions

An integrated approach to study UAM operations has been
developed
Model considers landing site placement, landing site cost and
capacity limits
UAM demand is estimated using Conditional Logit or Mixed
Logit models
For UAM to be successful, the analysis shows cost per passenger
mile needs to be contained below $3 per passenger-mile
Beyond $3 per passenger mile, the commuter demand is
relatively low (except in New York)
Airspace restrictions add 6-12% more distance to UAM trips

Airspace restrictions result in 20-55% fewer demand trips
compared to unrestricted scenarios investigated

Air Transportation Systems Laboratory
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