Shared Autonomous Vehicles

and the Future of Transit

Denver City
Council

Land Use,
Transportation
& Infrastructure
S DI LESHSS

- T e SR
LY

! e

S s B

n -t'_,--'l )} 5
e o



-

The intersection of disruptive technologies

2! =

S——— |
e S




Navigation uses LiDAR, radar, cameras and maps

LiDAR
images
people, cars,
trucks, pets,
bikes,
hazards

Source: Universal ¥ 3
Design Style



Quanergy’s new solid state LiDAR, $250

3.5"x2.4"x2.4”

Four of these
small devices
(51000) can
replace the
original Google
Car’s $75,000
LiDAR

Source: |IEEE Spectrum,
photo by Evan Ackerman




Early driverless computer hardware

The first autonomous
vehicles were loaded
with computers,
sensors, recording and
monitoring devices,
plus a rat’s nest of
interconnecting wires



Compute power of a room full of 2001 mainframes

Nvidia/ZF Pro Al : 10 watts Nvidia Drive PX 2: 250 watts
Computation = 150 MacBook Pros 8 TFLOPS, 24 DL TOPS supercomputer

Integrates LiDAR, Radar, Cameras  Integrates LiDAR, Radar, Cameras

Sources: ZF/TechStunt, Electrek Review




Battery cost: Tesla/Panasonic Gigafactory

Batteries: largest
single cost for EVs

2010 battery cost:
$700 per kW-hour;
now $145,



Material sciences: Carbon plastic fiber frame




Manufacturing disruption: 3D printing
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Local Motors
Driverless Bus:

B Watsonlol

Test rides now in
Washington DC M#Hi

Pilot projects:
Berlin, Miami, .
and Las Vegas

Source: TechCrunch
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How a driverless car sees the road

CHRISURMSON

Source:






Handling various common traffic issues

CHRISURMSON

Source:






Handling the rare and unusual!

CHRISURMSON

Source:









2025 Driverless Car?

Source: iStock.com, ©Chesky W |



Here is that car!
MRAA R E

Mercedes-Benz

Das Beste oder nichts.

Photo:
iStock.com
©VanderWolf



KPMG Global Survey, 800 auto executives

Extremely likely

Somewhat likely

Somewhat unlikely

Not likely at all

Neutral
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[ 2015: 12% 2016: 82%
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Note: Percentages may not add up to 100% due to rounding
Source: KPMG's Global Automotive Executive Survey 2016



Automakers: Vehicle sales or mobility services?




First commercial driverless availability?

nuTonomy: Aug. 2016 Uber: Aug. 2016

Google: 2017 Tesla: 2018

GM-Lyft: 2018 Ford: 2018-2021

VW/Audi: 2020 Baidu: 2018-2020




Mobility as a Service:

Think very cheap Uber




Driverless mobility’s value proposition




Say hello to Waymo
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2015: 35,092 fatalities / 4.4 million injuries
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‘Cruise

Source: Google




The newest danger on our roads...
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2015 fatalities
were up 7.2%
over 2014

| Flrst half 2016 ~
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Mobility’s economic

impact on Denver’s
residents and work force




Why it matters: Average family budgets

32%
Housing

19%
Transportation




The low cost of driverless mobility services




Economics drives adoption: Cost per 12,000 miles

Solo ride: Saves $5,982 per year
Ride share: Saves $7,054 per year




Other annual driverless transit savings




Why mobility matters: Low-income communities




Greatest economic risks of driverless vehicles




Parking spaces are
Denver’s land savings

account for creating a
more livable city
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Re-use of parking space
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Can our public transit
buses compete against

Mobility as a Service?




Why don’t more people use public transit?




Transit buses vs. shared mobility services

Station-to-station

2x driving alone time
Fixed route & schedule

Empty diesel buses
Frequent stops

$2.60 to $4.50

Door-to-door
= driving alone time
24/7, on demand

EVs, only as needed
Very few stops

9¢ per mile /S1 min



Only 7% market share for Denver public transit




Reinventing transit

as a
public-private partnership




How to reinvent public transit
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| True cost of bus service including subsidies

Farebox Local bus Subsidy from True “total cost”
ratio fare taxes and grants of a bus ride

21% $2.60 $9.78 $12.38




Nine free carpool rides can be
provided for a single bus ride subsidy,
with $1.68 left over to provide

mobility-on-demand shuttle service to all
Bus Rapid Transit and Light Rail stations.
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Conquering

Congestion




Why driverless matters: Congestion




HOV Carpool PIatoomng flve conventlonal Ianes




Truly compelling
technologies

often have
rapid adoption rates...




GIobaI mobile phone penetratlon 1997
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GIobaI mobile phone penetratlon 2013
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How fast will driverless
mobility services propagate?

How fast are Uber and Lyft
growing?




Brainstorming:

Two potential pilot projects
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Advantages of high-density Shuttle Services




Pilot 2: Free driverless shuttle service into downtown
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Advantages of downtown Shuttle Service




Local Motors Driverless Bus

&

In partnership |

with Local Motors

or Panasonic’s
driverless vendor? “#M
I Wi |




Driverless Waymo-Chrysler Pacifica

Partnership?
e Chrysler Pacifica

* Waymo technology
e Tech cost 90% less
e Waymo plans?

e SAVs

e Shuttles

* Logistics

* First/last mile
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Volvo’s Vision: City of Tomorrow
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City of Tomorrow

Drive Me

SELF-DRIVING CARS FOR

SUSTAINABLE MOBILITY ORI E E SUWeOeN




