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The Future of Mobillity (30 minutes)

Shared mobillity, electric vehicles, autonomous vehicles &
mobility as a service

Objective: Where Do We Go Nowe

What does it mean for urban planners, designers, policy makers,
engineers and the publice

Session #1: Group Discussion (30 minutes)
How can we prepare for future mobilitye

Session #2: Group Discussion (35 minutes)
Planning and Research Agenda



“The mobillity of the future is emission-free,
seamlessly networked and — it desired — will also
be capable of making completely autonomous

driving possible”.
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Shared Mobillity
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Adoption of Shared-Mobility Services
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Study by UCDAVIS (Clewlow, Mishra, Jenn, Laberteaux, 2017)

15%

Suburban

- -
Urban

W Yes, | use them while traveling infaround my home city
Yes, | use them only for traveling away from home
W Yes, | have made trips in them with friends, but don’t use the apps myself
M Yes, | have heard of them, but have not used them
W Mo, | have never heard of them

Locations:
e Boston, MA
« Chicago, IL

 Los Angeles, CA

« New York, CA

« Seattle, WA

« San Francisco, CA
« Washington, D.C.
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Shared Mobility Benefits

MIT Study (Alonso-Mora, Samaranayake, Wallar, Frazzoli & Rus, 2018)

 Reduces the number of vehicles on the road by X 3

« 95% of demand can be covered by 2,000 vehicles
instead of 14,000 taxies (New York)
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In this example, taking
public transit in Toronto
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Impact of Shared Mobility

Ride hailing services have demonstrated car ownership
can decline when travellers’ needs are satisfied.




Access vs. Ownership? (U.S. Example)
Deloitte University Study (Jameson, Giffi, Vitale, 2016)

Projected adoption of shared and autonomous mobility across different geographies

Percent of total vehicle sales

Urban Suburban

§

£

2015 2020 2025 2030 2035 2015 2020 2025 2030 2035

B Incremental change M A world of carsharing ™ The driverless revolution

By 2030, shared vehicles could overtake Suburban areas will likely be slower
personally owned vehicles in urban areas. to shift to shared and autonomous
Shared driver-driven vehicles will likely mobility, but by 2040, personally
grow quickly until 2030 but then lose owned vehicles might be only a

market share to shared autonomous small portion of sales.

vehicles.

Rural

100% 100% 100%
90% 90% 90%
80% 80%

70 70% 70%
60% 60% 60%
50% 50% 50%
40% 40% 40%
30% 30% 30%
20% 20% 20%
10% 10% 10%
0% 0% 0%

2015 2020 2025 2030 2035

B A new age of accessible autonomy

The benefits of shared and
autonomous mobility are less
pronounced in rural areas,
and adoption will likely be slow.



Ridesharing in Ccmada Smart Commute

Program of METROLINX and
Municipalifies in the Greater
Toronto and Hamilton Area

Rethink

your

commute.

Smart Commute
A Program of METROLINX

Save Money - Share your commuting costs; calculate
your potential savings.

Carpool Parking at GO - Find your carpool parther and
take advantage of designated carpool parking spaces
at your local GO station

Free Carpool Parking — The Ministry of Transportation of
Ontario provides free carpool parking lots across the
GTHA that are easy to access

Have Fun — Our Commuter Attitudes survey showed that
81% of the carpoolers reported that they are satisfied
with their commute.

Reduce Stress — Sit back and let someone else do the
driving for a change.

Bypass Traffic — Take advantage of the high-occupancy
vehicle (HOV) lanes.

Reduce Pollution — Reduce greenhouse gas emissions by
taking a vehicle off the road
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Long-Distance Ridesharing in Canada

POPARIDE

{Back  Halifax to Summerside

poP

kongdﬁde

Ottawa to Toronto for $35

(] ridesharing.com
Toronto to Monftreal for $34
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Regulatory Frameworks Study

Technology-Enabled Ride Sourcing : An Examination of Regulatory Frameworks and Public
Discourse in Canadian Cities (Ashraf & Habib, 2017)

Established Emerging
Toronto Red Deer
Ottawa Lethbridge
London Windsor
Niagara Region Barrie
Waterloo Region Kingston
Hamilton Quebec
Calgar
Edio:tun >

Manitoba
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Technology-Enabled Ride Sourcing

An Examination of Regulatory Frameworks and Public Discourse in Canadian Cities (Ashraf &
Habib, 2017)

“In a city where accessibility can often be lackluster at best, Uber “We look forward to the city (Toronto) screening and
Assist and accessible taxis provide two new ways to explore-and that  licensing Uber drivers as soon as possible to ensure
alone should be celebrated”( that all options are safe for Torontonian”

“This is a matter of fairness for all market partners and for the safety
users... | also intend to work with our partners to develop innovative
solutions to provide Quebec users with a modern industry that meets their
needs”
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Technology-Enabled Ride Sourcing

An Examination of Regulatory Frameworks and Public Discourse in Canadian Cities (Ashraf &
Habib, 2017)

X = Discourse theme represented in regulation
O = Discourse theme not represented in regulation

City Tracking/Rating | Licensing | Safety Insurance Accessibility | Social
Checks

Toronto X X X X X

Hamilton X X

London X X O

Ottawa X X

Kitchener- X X X

Waterloo

Niagara O X X X

Region

Calgary X X

Edmonton X X X X
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Shared Mobility

New services and providers are emerging

BIKE SHARE: 4 EASY STEPS

EASY TAXI

SIGN UP SWIPE OUT RIDE!

Bike Sharing Car Sharing Ride Sharing  Taxi Apps



Smartphone and Travel Behaviour
Halifax Smartphone Use & Travel Survey (Jamal, Khan & Habib, 2017)

Use of smartphone applications for trip planning activities

Performing tasks online rather than travelling D [
to location (e.g. using online banking, etc.)

Communicating and coordinating trips with N
others (e.g. text messaging, etc.)

Chﬂﬂﬂiﬂg dr ﬂpprﬂpriﬂtﬂ mode of _

transportation (using Google Maps, etc.)

D moon. ey £ I
Urbanspoon, efc.)

Deciding when to depart (using Transit 360, D

etc.)

0.00 20.00 40.00 60.00 80.00 100.00

mNever mRarely ®Sometimes ©Often mAlways



Social Networking and Travel Behaviour
Halifax Smartphone Use & Travel Survey (Jamal, Khan & Habib, 2017)

Use of social networking applications

Performing tasks online rather than travelling to s

location

O
Communicating and coordinating trips with . m
i
O

others
Choosing an appropriate mode of transportation I TS
Deciding trip destination [N
Deciding when to depart [T N []

0.00 20.00 40.00 60.00 80.00 100.00

mNever mRarelv Sometimes Often mAlwavs



Impact on Travel Outcome
Halifax Smartphone Use & Travel Survey (Jamal, Khan & Habib, 2017)

Impact of smartphone use on travel outcomes

Number of Trips Planned in Groups | ]
Number of New Places Visited | ]
Number of Social Gatherings Attended [§ ]
Kilometers Traveled [N B

0.00 20.00 40.00 60.00 80.00 100.00

m Decreased Significantly m Decreased Slightly No Impact
Increased Slightly m Increased Significantly
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Electric Vehicles Benefits

European Environment Agency Report, 2016

350

« Reduced emissions during the
electric vehicle’s lifefime | =
outweigh the environmental i
effects of the production and

m B

end-of-life phases i —

» Electric vehicles canreduce the I
= =

00

C0, emisslons (gkm)

environmental effects of

conventional vehicles, as long
as the electricity is from T
renewable sources. B v oo s

. Fuel production

. (0, exhaust emission
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Adoption Trends of Electric Vehicles

European Environment Agency Report, 2016

The largest numbers of BEV
sales:

- France (+17,650)

- Germany (+ 12,350)

- United Kingdom (+ 2,900)

latal sales of electric vehicles (thousands)

The largest numbers of o ﬁ

PHEV sales: o H

- Netherlands (+ 41,000) : 2

- United Kingdom (+ 1, 55
18,800) o

0.7 8.3 13.9 49.1 .7 149.5



Adoption of Eleciric Vehicles in Canada

Study by McMaster University (Mohamed, Higgins, Ferguson, Kanaroglou, 2016)

Quebec Agglomerations, QUE (228)
Montreal, QUE (4061)

Victoria, BC (365)

Vancouver, BC (2504)

Saguenay, QUE (160)

Oshawa, ON (389)

Sherbrooke, QUE (215)

Toronto, ON (6130)

Quebec City, QUE (806)

Ottawa - Gatineau ON/QUE (1332)
Kelowna, BC (197)

Fredericton, NB (56)
Kitchener-Cambridge-Waterloo, ON (511)
Barrie, ON (203)

Hamilton, ON (772)
Abbotsford-Mission, BC (184)

St. Catharines - Niagara, ON (408)
London, ON (506)

Edmonton, ALTA (1363)

Thunder Bay, ON (125)

Trois-Rivieres, QUE (156)
Greater Sudbury, ON (165)

Halifax, NS (418)

Saint John, NB (127)
Kingston, ON (170)
Moncton, NB (148)
Calgary, ALTA (1440)
Winnipeg, MAN (793)
Regina, SASK (241)
Saskatoon, SASK (305)
Guelph, ON (153)
Non-urban
Peterborough, ON (123)
St. John's, NFLD (214)
Brantford, ON (144)
Windsor, ON (336)

National Sample

® BEV-Oriented

0

0.1

0.2

u PHEV-Oriented

0.3

0.4

0.5

B HEV-Oriented

0.6

Fig. 3. Prominence of each latent class by Census Metropolitan area.

0.7

® |CE-Oriented

0.8

0.9
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Connected,
AUutoNnoMous
Vehicles




Cities Piloting CAVs

Cities that are hosting CAYV tests, or have committed to doing it soon




Cities Preparing for CAVs

Surveying the regulatory, planning and governance issues raised by

CAVs but did not start piloting

Toronto
santa M ! I Montreal
CII’]CI @) INCOINANN
Sealac
Borfland. ORCC'B'B?H%L%C 'f’c\oﬁ'gd“d ME
Seattle | os Angeles Aflanta Orlondo

Sacramento Palo Alto Jacksonville
San Diego

Rionegro

Sao Paulo

Buenos Aires

Karlsruhe
Milan

Tel Aviv

Baoding

Beijing

Tokyo

Changhua City

Auckland
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Autonomous Vehicles Levels

Level O Level | Level 2 Level 3 Level 4 Level 5
No Driver Hands Off Eyes Off Mind Off Steering
Automation @ Assistance Wheel Option
System Assisted System Automate- - Automate-  Full
issues parking fakes over © d highway ' d city automation
warnings : steering & = driving driving .
only Adaptive accelerate . Driver not
Cruise on System Driverless needed
confrol recognizes | Parking
limifs

a a @ © O
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Autonomous Vehicles Levels

Level O Level | Level 2 Level 3 Level 4 Level 5
No Driver Hands Off Eyes Off Mind Off Steering
Automation @ Assistance Wheel Option
System Assisted System Automate- | Automate-  Full
issues parking fakes over | d highway | d city automation
warnings : steering & | driving driving .
only Adqp’nve accelerate : Driver not
Cruise on System Driverless needed
confrol recognizes | Parking
limifs

a a @ © O
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Benefits of Autonomous Vehicles

Study by Virginia Tech (Doerzaph, 2017)

* Vehicle to vehicle « Improved traffic flow and « Combined Eco-Signal
communication may address reduce delays (27%) apps may reduce CO,
up to 81% of crashes involving & fuel consumption
unimpaired drivers (24k * Increased awareness of and (11%)
fatalities, 1.8M injuries, 7.3M access to multi-modal choices
property damage) « Signal and freeway

« More direct, actionable lane management

* Vehicle to individuadl information for drivers (re- combined reduce fuel

communication may address routing, incidents, weather, consumption (22%)

up to 18% of crashes involving etc.)
unimpaired drivers
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Autonomous Vehicles Q.9 o
Methods of Connecting ' T T T
Study by Virginia Tech (Doerzaph, 2017) o d',f ............... =0

1) Dedicated Short Range  2) 3G/4G Cellular: 3) 5G Cellular (Future):
Communications:

* Nearly ubiguitous Still in draft technical

 Low latency coverage specs but promising
« High reliability « Less reliable « Works from much of
« High security and privacy communications the existing cellular
« Trusted connection * Higher latency Infrastructure

« Relatively short range « Telecomm owned < Performance TBD

« Transportation agency « V2V capability TBD
ownership  Telecom owned
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Autonomous Vehicles Northern Virginia
U Test Bed

Virginia Connected Corridors Fairfax County, VA
Study by Virginia Tech (Doerzaph, 2017) Northern Virginio

Smart Road
Virginia Tech Transportation
Institute Blacksburg, VA
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Planning Implications of Autonomous Vehicles

Study by Virginia Tech (Doerzaph, 2017)

1) Infrastructure 5-10 year Lifespan 3) Increased needs for monitoring &
«  Comms equipment, connectivity, data contingency planning
management & storage « System outage or failures become more
« Updates to legacy equipment, such as signal significant
controllers may be necessary « System security becomes critical

* Privacy becomes critical
4) Capacity Building
 More capacity required
« |nitial needs for broader knowledge and ability
to bridge technical gaps
Competitive hiring environment

2) Mobility Implications
 Models often show benefits, but still many
assumptions under such estimates
« Mixed fleet is considered a key challenge for
automated systems
 Huge potential gains once operational

environment is refined (~2x capacity 5) Lofs of Data , o
increases) « Robustness of data you publish and applications

it supports, what to do with the datae
« Means, desire & authority to monetize?
« Privacy concerns, public acceptance
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Halifax Peninsula AV Impact Study

By Alom & Habib, 2018




Halifax Peninsula AV Impact Study

By Alom & Habib, 2018

Regional Model

Halifax network

Model Matrix

oD |F™

DTA-bazed
Microsimulation
model

Traffic Microsimulation
Model

SAV Simulation Output
VKT, service and pick-up
time, network performance

SAVs Assipnment

SAV Dispatch
Module

SAYV assignment Output
HYV replacement rate, SAV
utilization, SAVs OD
matrix

Demand Served (%)

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

F1 (450 SAVs)

F2 (900 SAVs)

Fleet Size

I Demand Served, %

(1800 SAVs)

% HV reduction

F4 (3600 SAVs)

50

45

40

35

HV Reduction (%)
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Halifax Peninsula AV Impact
Study

By Alam & Habib, 2018 L, . i

30
(] F,
V.V
o
F
g 250

mins)

{

Service time
A
LA

0600-0630  0630-0700  0700-0730  0730-0800  0800-0830  0830-0900

Time of the day

Housrly network performance evaluation % Changes mn VKT for peak peniods
- % change m avg. % change m total % changeimntotal % change in total
Scenarios Hours speed travel time network VKT Peminsula VKT
N 1 hour 9.64 47
() afl nd 17 N
15% SAV trips 2% hour 12.1 154 1.73 +4 8
3" hour -253 334
I 1 hour 75 3.0
(] a1l nd X +
20% SAV trips 22 hour 24 8.5 3.63 +14

3" hour 152 18.7




and will ultimately become @
mobile living space”

Dr. Dieter Zetsche, 2017




Autonomous Vehicles

for People Not Carse
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Autonomous Vehicles
The City of Tomorrow?e
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Mobillity as a
Service
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Mobility as a Service (MaaS$) Concept

Research by UCL (Kamargianni, Matyas, 2017)

Information &

Real Time Information Planning Integration

)y Payment ]_ Payment & Ticketing

. -
m Getting on board / Ticket Integration

Booking

L 4
H User Account



Mobility as a Service (MaaS$) Concept

Research by UCL (Kamargianni, Matyas, 2017)

Current Situation | Maas model
Urban Trips
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Maas Products

Research by UCL (Kamargianni, & Matyas, 2017) (Whimapp: Helsinki, West Midlands, Amsterdam & Anterwerp)

Pay-as-you-go

89. 249, 317

/manth [menth [menth d
commitment and upgrade
Unlimited 1.000 Unlimited 5.500 Unlimited 8.000 whenever you like.
HSL Helsinki =+ * , H5L Hekinki  + * , H5L Helsinki  + * )
public fransport Whim points public transport Whim points public transport Whim points
Use your Whim points as you Use your Whim points as you Use your Whim peints as you Transport providers:
lixe, for example: like, tor example: like, for example:

Try Whim without

> 4+ IS &S, Bl , o ey, M, GO 0 e m sk v
2 m B m 2 B m 5 We get you to your destinafion

using your preferred mode of

taxi trips unlimited taxi trips urlimited days taxi trips unlimifed days transport, letting you pay as you
(=10 km/trip) local public =10 local public of car (<10 local public of car go — all in one app!
daytime transpor hnf’rrl‘p} transport rental I:m.l”rrip] transport rental
daytima daytima




Sacurity & Hisk
) DIGITAL INFRASTRUCTURE Comnactiiy

IN-TRANSIT VEHICLE fommmem e > Q FLEET
EXPERIENCE OPERATIONS

(rmmmmmm e e >

3 m MOBILITY <

ADVISOR

[l
L
Relationship Managemant Procurement |
L
Fredictive Analyhics Wishiche Tracking .
Usar Contral TRA'NSIT HUB Wahicha Finance & Insuranc :
[
Mebility Data Collaction Satup, Schaduling & Allocation !
L

RETAIL
RAILWAYS

TN
OFFICE
ROADS &
( ) BIKE PATHS - ROADS

| PHYSICAL ENERGY
=> @ |NFRASTRUCTURE > @ |NFRASTRUCTURE

Highway Tolls Supply Chain Management Car and Fod OEM
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Maas Planning Implications

Research by UCL (Kamargianni, Matyas, 2017)

1) Regulatory Framework
2) Integration issues and Pilot Projects:

« Greater Manchester (city and national trips — PTA)
« Luxembourg - Germany (intercity, international trips — TO)
« Budapest (city, national and international trips - Maas trailblazer)

3) Partnership
« Multi-trillion dollar market (TSC, 2016)

4) Research and Development
* Market research for Maas demand (supported by Tl and Dft)



We are far from realizing an
automated transportation system.




