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SMART MOBILITY CONSORTIUM

The SMART Mobility Consortium

is a multi-year, multi-laboratory collaborative
dedicated to further understanding the
energy implications and opportunities

of advanced mobility solutions.

Argonne d| 1 NNL TINREL %RIDGE

AAAAAAAAAAAAAAAAAA BERKELEY LAB Idaho National Laboratory nal Labor

nnnnnnnn Energy Efficiency &

ENERGY Renewable Energy



FIVE RESEARCH FOCUS AREAS

(o)

CONNECTED
AND AUTOMATED
VEHICLES

Identifying the energy,
technology, and usage
implications of
connectivity and
automation and
identifying efficient
CAV solutions.

U.S. DEPARTMENT OF Energy Efficiency &

EN GY Renewable Energy

MULTI-MODAL
FREIGHT

Evaluating the evolution
of freight movement and
understanding the
impacts of new modes
for long-distance goods
transport and last-mile
package delivery.

MOBILITY

DECISION SCIENCE

Understanding the

human role in the mobility
system including travel
decision-making and
technology adoption in the
context of future mobility.

URBAN
SCIENCE

Understanding the linkages
between transportation
networks and the built
environment and identifying
the potential to enhance
access to economic
opportunity.
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ADVANCED
FUELING
INFRASTRUCTURE

Understanding the costs,
benefits, and requirements
for fueling/charging
infrastructure to support
energy efficient future
mobility systems.
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TRANSPORTATION IS
A SYSTEM OF SYSTEMS

SHARED
MOBILITY

CONNECTED
VEHICLES
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Moblllty

The quality of a
network or system
to connect people 8w, LEISURE HEALTHCARE

n

—
to goods, services, g T i
and employment = @@@ R‘QR Rﬁ% La
that define a high l

quality of life.
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WHOLETRAVELER STUDY & Og
MOBILITY DATA ANALYSIS

* Mode Choice
*» Technology Adoption

=Vehicle Dependence WholeTraveler

" EV Penetration TRANSPORTATION BEHAVIOR STUDY
* Ride-Hailing

» E-Commerce ﬂﬂqﬁﬁﬂ %I ?

fficiency &
ENERGY | rencnabl Enerty
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SMART MOBILITY P
MODELING WORKFLOW

2000060

By creating a multi-

fidelity end-to-end

. LAND PASSENGER GOODS TRAVELER CONTROL
modellng Workflow, USE CHARGING MOVEMENT  MOVEMENT  BEHAVIOR
SMART Mobility B O

BOY v e

researchers advanced
the state-of-the-art RANSPORTATIC
in transportation SOE

system modeling
and simulation.

VEHICLE MILES | congEsTION | VEHICLE HOURS | EnergY | cost | GREENHOUSE

TRAVELED (VMT) TRAVELLED (VHT) GASSES (GHG)
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MOBILITY FOR
OPPORTUNITY

FOR MORE INFORMATION

David Anderson

Program Manager

Energy Efficient Mobility Systems (EEMS)
Vehicle Technologies Office

U.S. Department of Energy
eems@ee.doe.gov
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PILLAR o

Examined the underlying...

(.}MOBILITY DECISION SCIENCE ==&

Critical drivers of... =~
Pref . .
S Critical barriers to... 2
%

Identity

Life cycle

-

.
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Do
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adoption and use
of emerging
Geographic o transportation
technologies and
services.

al
v
- [
& [

Personality

What does this
Transportation Behaviors mean for system
outcomes?
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€3\ MOBILITY DECISION SCIENCE
PILLAR

A diverse set of research approaches tackling a range of topics

Mobility Decision Science Pillar

WholeTraveler Behavior, Energy, Ride-Hailing

Transportation POLARIS Auto_n_omy, and Impact_ & VOTT

Behavior Study Mobility Model and Time-Use
(BEAM) Analyses

Agent-Based Agent-Based
Transportation Transportation Self-contained
System System analyses
Simulation Simulation

Data
Collection
and Analysis

Psychological and

Transportation : ) E-commerce Use and Impact of Ride-hailing
. ; Identity Affecting . ;
Behavior and Life : Impact on Shopping on The Transportation
Transportation
- Context Travel System
U DEPARTMENTOF | Energy Efficiency & Preferences

ENERGY Renewable Energy



BEHAVIORAL
SURVEY AND DATA §

ANALYSIS
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AGE AND MODE CHOICE/
TECHNOLOGY ADOPTION

MDS researchers filled gaps in the literature ){\[Ngg!go*mj,;:w

SAN FRANCISCO
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VEHICLE TECHNOLOGY PREFERENCES OF OLDER
GENERATIONS MATTER FOR ENERGY

Vehicle-dependence increases with age

SAN FRANCISCO

80%
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WholeTraveler

TRANSPORTATION BEHAVIOR STUDY
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CRITICAL DRIVERS OF VEHICLE

O o x
DEPENDENCE
=]
Lifecycle patterns evolve.. WholeTraveler
TRANSPORTATION BEHAVIOR STUDY
- ;
SAN FRANCISCO % 0.751 - - In School
2 — Employed
a 0.50 - - With Partner
2 ! — With Children
n !
2 5
= 0.001i, : ' : L
20 30 40 50
Age
)
E Singles Couples Have-it-alls Late Bloomers Family First
§ ;32 40% —~ 27% e | [18% o~ | (8% %, N
o o. . : : : :
S 50- ) : ~@»/\/\'
> ; N \ : v o
5025' \\L’ S ~ \\2\\/\’
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Age

ENERGY | renovatio tnerey Jin et al. (2020)



CRITICAL DRIVERS OF VEHICLE

DEPENDENCE

Timing and order of life events impact on mode use

SAN FRANCISCO

“Have-it-all”’
cohort: ramps up
car use at each
lifecycle

transition,
resulting in
highest rate of

car use occurring E

earliest of all
cohorts, and
persisting.

Energy Efficiency &
Renewable Energy

ENERGY

1.00
0.75
0.50
0.25
0.00

Mode use probability Life status probability

0.75-
0.50-
0.25-

Have-it-alls

18% /S o

20 30 40 50
Age

Have-it-alls

20 30 40 50
Age
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WholeTraveler

TRANSPORTATION BEHAVIOR STUDY

- - In School
— Employed
- - With Partner
— With Children

— Drive
Public Transit
— Walk/Bike

Jin et al. (2020) .,



CRITICAL DRIVERS OF VEHICLE

DEPENDENCE

When women “have it all” they rely more on vehicles

SAN FRANCISCO

When preparing for/having children Have-
it-all women, more than men:
Engage in more family-member
transportation responsibilities
Use public transit even less

Move to public transit poor areas more
Drive even more

Live in households with more vehicles
Live in households with bigger (SUV)
vehicles

Energy Efficiency &

ENERGY Renewable Energy
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WholeTraveler

TRANSPORTATION BEHAVIOR STUDY

Have—-it-alls

--In School

1.00 1
0.75 1
0.50 1
0.25 1
0.00 -

— Employed
- - With Partner
— With Children

Life status probability
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BARRIERS TO ELECTRIC VEHICLE

ADOPTION

Explaining the Gender Gap

SAN FRANCISCO

Interest in
adoption

PEV

l 15% Gender Gap

Men

Women

What underlying factors drlve this gender gap?

Risk preferences?
* Monetary
» Safety

e Travel time
certainty

Energy Efficiency &

ENERGY Renewable Energy

Personality

characteristics?
Openness
Agreeableness
Extraversion
Neuroticism
Conscientiousness

Willingness or | Transportation

ability to pay? | needs?

* |ncome * Moving
people/stuff
* Commute
habits

o .:;;I: SMARTMOBII_ITY
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WholeTraveler

TRANSPORTATION BEHAVIOR STUDY

Environmental
attitudes?

24
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BARRIERS TO ELECTRIC VEHICLE =~ =
ADOPTION

All included factors included explain 35% of the gender gap  WholeTraveler

TRANSPORTATION BEHAVIOR STUDY

SAN FRANCISCO

* If women had the same income on average as men the gender gap would be smaller by 10%

+ If women had the same responsibility for transporting the gender gap would be smaller by 15%

family members, cargo space and vehicle capacity
needs, and errand-running needs as men

reeableness
2.71 CE- )

I Suppressing Risk Aversion

fodpdly factors 238 Other
G bo
g B ‘ = Income level
t; et Multiple stops
L C

o 7 Consdentiousness
% '-I‘:I—!J % } MEdlatlng J k m Safety Importance
o O 4 % factors L ( o Cargo Capacity

: = Vehide Seats
6.53 m Other

Energy Efficiency & 25
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EMPIRICAL STUDIES ANALYZING THE REAL-WORLD “ o
IMPACT OF RIDE-HAILING
Behavior of ride-hail drivers has an impact

UNITED STATES

Especially in urban areas with:
— lower per-capita vehicle ownership and
— high rates of economic growth,

ride-hailing entering the market has increased the
number of vehicle registrations by 0.7% on average

Though with notable heterogeneity between urban areas.

. -’EHE-’ I’P

ENERGY R ewabl E gy 26
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EMPIRICAL STUDIES ANALYZING THE REAL-WORLD “ o '
IMPACT OF RIDE-HAILING

Behavior of ride-hail drivers has an impact

AUSTIN
120% - @ Sharing rides
. . @mMore efficient vehicles
In the case of RideAustin, 100% - BCommute deadheading
due to: @ mBetween-ride deadheading
— commuting relatively 5 80% 1 mModal shift
>
long distances T 60% - 1% | mNet Energy Impact
. i <
dnwngtqrepomuon E e
their vehicle between g T
. i el o
. rlde'hall trIpS . _E:U 20% - 41%
increase system-wide 2
energy consumption by g 0% 1
41-90%, qepending on & 509 -
assumptions about -30%
pooling and modal shift. -40% -
-60%
Low energy estimate High energy estimate

Wenzel at al. (2019)

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY Renewable Energy 27



E-COMMERCE AND DELIVERY IMPACT = éiiiicau
ON SYSTEM ENERGY USE

Deliveries substitute for, and are in addition to, shopping trips WhoIeTraveIer

VIOR STUD

SAN FRANCISCO

= Pre-COVID e-commerce
and delivery context

= A typical week of shopping
events by item type and

P Celiveries
[ nNon-vehicle trips
B vehicle trips

mode
— Very little grocery
delivery
— Proportionally most
delivery of clothes and
household items

Total shopping events by mode per household

Clothes Groceries Household items Prepared meals

ENERGY | renovabls Eneray Spurlock et al. (2020) 28



E-COMMERCE AND DELIVERY IMPACT ¢
ON SYSTEM ENERGY USE

Deliveries substitute for, and are in addition to, shopping trips WhoIeTraveIer

TRANSPORTATION BEHAVIOR STUDY

SAN FRANCISCO co 0.60 deliveries out of 1.60

+«— (37%) do not substitute for
a shopping trip

» |In a typical week, a given
delivery is about 1.7 times
as likely to substitute for a
shopping trip than not;

deliveries replace 0.18 out
— 0f 2(9%) of non-vehicle
trips

\ deliveries replace 0.8 out

of 5 (16%) of vehicle trips

Non-vehicle

of those that
substitute, a given
delivery is 300%
more likely to
substitute for a
vehicle trip than a
non-vehicle trip.

Number of shopping events per household
4
|
Vehicle trips

A given delivery is 1.3 times
as likely to replace a

household vehicle shopping
trip than add on to existing

Energy Efficiency & \\(\ ‘é\

ENERGY Renewable Energy SpurIOCk et al (2020) 29



BEHAVIORAL
FINDINGS THROUGH 3%
SIMULATION
MODELING
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BEHAVIORAL RESEARCH IMPROVES AND %a@s S
EXTENDS THE SMART MOBILITY WORKFLOW

Findings from surveys, data, simulation, etc. used to develop models

: Mode & Timing
Substantial research on a Choice

VOTT & Tele- Vehicle
Time Use commuting sharing
broad range of demand E-commerce

behaviors led to many s L “AGENF-59€ED TRANSPORTATI@M SYSTEM MODELING
new models —> — (&

Incorporated in SMART LandUse

\

S371404d dIYL

"'}Q_) Traveler‘Behavior Syste%t:o ntrol
Workflow and impacts = S N
evaluated Vehicle Markets POL:QRIS o
=] L)

Evaluation of sensitivity
of overall model to each
component were
performed

Key findings published in |
multiple journal articles Ll
Tech. Choice

MULTI-VEHICLE CONTROL

((cAmey) (/)

Energy Efficienc y &

U.S. DEPARTMENT OF
ENERGY ‘ Renewable Energy 31
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BEHAVIOR MODELING HIGHLIGHTS

» Incorporate data from multiple sources (HH * Mode modeled using Chicago
survey, time use surveys, transit surveys) Household travel survey using NL model e

= Value of in-vehicle time varies oo
substantially by mode and activity ~ £ ﬁ

» Used integrated choice and latent variable
model framework to quantify VOTT while

N 0
multitasking = Start time and duration modeled jointly
= Significant variation found in VOT from - Depends on activity purpose L'-H
different data sources expected travel time, and travel time o
= Ability to multitask encourages use of variability @

non-drive modes & reduces VOT

AV Sharing in Households (Auld et al 2019) E-Commerce (Stinson et al 2019)

* Intra-household Level AV sharing; with » Uses WholeTraveler; quantifies HH
reposition between HH members and /\:::555:' participation in e-commerce
park at home S o i
S “—f = Displacement of physical shopping

= Dependent on income, # of vehicles,

= Allow HH member to shift flexible S L > trips by deliveries
activities and share rides to minimize cost h
location, transit and access to retail

* |Implemented in external optimizer
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SCENARIOS CONSIDERED
A world of

HIGH SHARING,
PARTIAL AUTOMATION (Sharing)

LOW SHARING,
HIGH AUTOMATION (Private-AV)

HIGH SHARING,

HIGH AUTOMATION (SAV)

Qo= Eray

New technology enables people to Technology has taken over our lives, Fully automated privately owned
significantly increase the use of enabling high usage of fully driverless vehicles dominate the
transit, ride-hailing and multi-modal automated driverless vehicles, ride- market. The ability to own AVs leads
travel. Partial automation is hailing and multi-modal trips, which to low ride-sharing and an
introduced and is primarily used on are convenient and inexpensive. As a expansion of urban/sub-urban
the highway. result, private ownership has boundaries, while e-commerce has
decreased and e-commerce has increased.
increased.

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY Renewable Energy



INDIVIDUAL TRAVEL BEHAVIOR CHANGES %‘G; s
DRIVE MOBILITY OUTCOMES
POL&RIS
Mode share

= Transit use grows from substantially changes

6% to 12% mode share 100%
as HH dispose vehicles %0% - 2z
I 1%

* Private-AV encourage 80% =
additional SOV trips 70%

60%

= Urban households shift to
transit, suburban shift to
TNC if disposing vehicle

50%
40%
30%
20%

10%

00

0%
HIGH SHARING HIGH SHARING LOW SHARING
PARTIAL AUTOMATION HIGH AUTOMATION HIGH AUTOMATION

Energy Effciency & B Bus MRail mSOV HOV mAV ETNC TNC Pool mBike mWalk
ENERGY Renewable Energy 34
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LOWER VOTT HAS GREATER IMPACT = fifiiicaus
IN LOW-DENSITY ACTIVITY AREAS
Sensitivity of urban residents to VOTT is low POL?ICRIS

When VOTT is reduced by 50%...

VOTT: Value of Travel Time
Monetary cost | would

be willing to pay to avoid
an hour of travel; differs
by mode, income, location

AVERAGE INCREASE OF
PER CAPITA DOWNTOWN

1 = - | (38% INCREASE)

PER CAPITA IN CORE 0.0-5.0
5.0 - 10.0
10.0 - 15.0
15.0 - 20.0

SUBURBAN AREAS
ENERGY | foor ey & v

(52% INCREASE)




AUTOMATED VEHICLES HAVE MAJOR =i

EFFECT ON TRAVEL BEHAVIOR

CHICAGO

EE‘H

T
D
~~

R O

Low Sharing / RESTAURANT  pESTAURANT HOME GYM N
High Automation Se__ . P \ / ﬂw
/
N | El RESTAURANT
I STORE
] 7/
1 V4
1 =<
1 e

STORE
us.oeparTEnT OF | Energy Efficiency &

ENERGY eeeeeeeeeeeee ay

POL%RIS

Increase in travel metric

for households with an
AV versus those without

36



HOUSEHOLDS WITH AV BEHAVE s S oo
MUCH DIFFERENTLY
Up to 82% VMT increase in households owning an AV POL?IS'RIS

Chicago
Households with AV Driven by increased travel
A~ drive more than others to discretionary activities
‘e~ N 60.0 ==
52.5 L 6.0
i e o) Mandatory
@ ﬁ 50.0 E _8 activities
= Discretionary activity trips [ = S NS BV
3-6 miles longer (+30%) N 258 FE 50
5= 2 o
= Additional trips & 19.9 3.8 20 12
. 5200 e
concentrated in PM peak g £g 10 I
E-o
* Persons with AV spend 2 gZenlld -
up to 30 minutes more T S A S e
in travel per day Per capita PMT Per capita VMT 8 % 5’ %: % % g 5 §
mNoAV. mPartial AV Full AV TS bt 2= 3
= a

Energy Efficiency &
Renewable Energy 37
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Qgssmnmmo BILITY
LOWER SUBJECTIVE TRAVEL COSTS AFFECT %0 '
DEMAND FOR LAND OUTSIDE THE URBAN CORE - —_—

High accessibility via lower travel costs can induce sprawl BEAM)

« All scenarios increase accessibility | Mo SHARING an ATOMATION
—— LOW SHARING HIGH AUTOMATION

a

B

« More demand to shift residence and
businesses further from the urban core

=]

E

« This was most prevalent in the high-
sharing with high-automation scenario

» lowest generalized travel cost

Density: log(jobs per square mile)
o

More jobs reachable within 45
minutes from a location with
the same job density

« people willing to travel further

-
1

L+
1

» highest increase in land values further
from CBD ; P

1000000 1500000 00000 200000
Accessibility: Jobs within 45 minutes

Energy Efficienc y &

U.S. DEPARTMENT OF
ENERGY ‘ Renewable Energy 38



TRANSIT IS CRITICAL ez SMRRTNOBILITY

%9
TO MOBILITY
Absent transit, energy use and congestion increase POL?IS'RIS

: U & Jq_' -PJ:‘ -q_l'-sf :_:han in AM avg.

ge
IVJ_E“ = : —._j 1;'“ i m—kip;e»fd
SN A EE eSS £ — e CITY OF CHICAGO
y i‘ 8o ] WITHOUT TRANSIT SYSTEM
) =8} n' — 1 = 1 - 50%
ﬁ—lr_. HT; [ I » o _t; 11ansitli:|k type
FeA e P ErVBR ] e N — reatn
= kl s - =l = ik CTA_Rail
bt IR L =
Ty St
S kg R
= e g&gﬁ( T 29% | 37% | 52%
AT = i . - I
6wt AT
Winn sl 220 it ,,_1'1_ j"
'_:.ﬁita Sampss e
e s = e ) iy, gy S TAINNS =

us.oeparTEnT OF | Energy Efficiency &
ENERGY ‘ Renewable Energy 39



TRANSIT AND RIDE-HAIL G SHARTHOBITY

0.0
CAN BE COMPLEMENTARY |
Transit provides key mobility in city, TNC serves suburbs POL?&'RIS

CHICAGO

» Transit ridership
grows as vehicle
disposal rate
increases

= |[ncrease in transit

along hub and spoke
lines, even as TNC
increases

» Limited increase in
TNC use in high- i
quality transit areas :

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY ‘ Renewable Energy



INTEGRATING TNC WITH TRANSIT
CAN PRODUCE SYSTEM BENEFITS

BLOOMINGTON, IL

» Study of integrated first-
mile/last-mile with transit

= TNC trips to stops included in
transit fare

= Transit use is low in baseline
(1.3%), increases by 11%
when first/last mile included

» Adding 4k TNC VMT reduces
total VMT by 33k and energy
use by 1.1%

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY Renewable Energy

)
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POLRIS

A in transit share

Baseline transit mode share (%)

e >
W
=¥ . i [ +
i LS/ I3
._
<-.0% el 4
_ Lo%-15% o | H -1.0% - 0.5% ’:.__i _ﬁ
l 15%-20% ' T 0.5% - 0% d 1
2.0% - 2.5% f i = 0% -0.5% B
i:.zfﬁ . Bos%-10% T j
° Bl:s stop P i > 1o% Ko
|| TotalvmT | TNC-to-transit VMT |Transit mode %| Total fuel (kg)
Baseline 2,265,786 1,805 1.30% 232,320
TNC access 2,232,961 5,737 1.50% 229,669

-1.40% 217.80% 10.90% -1.10%

4
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REDUCING RIDE-HAIL USAGE EFFECTS e

TRANSIT RIDERSHIP AND TOTAL ENERGY e
BEAM))

100 - S
.Car
. . > ; : B Rice Hai
» Reduced ride-hail results in lower use of transit - I e v - Tansi
and higher use of personal vehicles * I rransit
25- B i
» High reduction in ride-hail interest increases

system energy consumption by 6.6% ’ runName

~
a
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UNDERSTANDING OF MOTIVATIONS AND 3@5*“‘"0
CONSTRAINTS - REALISTIC SCENARIOS

People make the choices they make for a reason

» |In SMART we looked at limited set of edge case scenarios, some of which
assume relatively high willingness to use certain modes or technologies, such as
shared ride-hail.

» Results from MDS demonstrate the extent to which people might face
constraints, given their context or life choices, limiting their ability to adopt some
of these alternatives

» Understanding of these constraints can inform which scenarios are realistic and
why

» The simulation analyses underscore why this deeper understanding matters for
system wide outcomes
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