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ARTMOBILITY

SMART MOBILITY EXPANDS R&D il
BEYOND COMPONENT AND VEHICLE DESIGN

Impact of connectivity, automation, multi-modal travel,

new modes, control... across wide range of metrics

SINGLE SINGLE SMALL TRAFFIC ENTIRE
COMPONENT VEHICLE NETWORK FLOW URBAN AREA
Better vehicles Smarter vehicles :  Smarter roads ' Smarter travelers

Powertrain, electrification, Control of speed and/or i Smarter control of the road i Mobility as a service,
control, lightweighting, powertrain using: : networks and traffic flows ' changes in travel needs
aeroftires, etc. = sensors & connectivity '
= automation , ,
¢<— HISTORICAL VTOR&D —>¢ SMART MOBILITY R&D >

VTO-Vehicle Technologies Office
Energy Efficiency &
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IMPROVING CONVENIENCE AND EFFICIENCY “eo
CRITICAL TO TRANSPORTATION DECARBONIZATION

Land use combined with affordable, accessible, efficient
and reliable mode at the center of SMART Mobility

Convenient Efficient

; S Improve Community Design Increase Options to Travel Transition to Zero Emission
BLUEPR : .'_ ; Pt and Land-use Planning More Efficiently Vehicles and Fuels
'RANSPORTATIC ki
DECARBU i U

SMART Mobility Consortium Focus
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ALREADY A LONG HISTORY

Unique set of system level expertise driven by stakeholders

BEYOND VEHICLES

Green marketing is a practice
whereby companies seek to go
above and beyond traditional
marketing by promoting
environmental core values.

SMART 1.0

Quantified CAVs potential energy
savings (simulation), developed
and demonstrated transportation
system workflow

Five Capstone Reports

EEEEEEEEEEEE Energy Efficiency &

us.
ENERGY Renewable Energy

Foundation of SMART Consortium

Identify capabilities, needs and gaps

2015
@ @ o
2016 2023
CAV R&D SMART 2.0
First US DOE VTO Call Faster, better,

Validation

more scenarios,
more stakeholder

Focus on
actionable insights
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CONSORTIUM FOCUSED ON S o

ADDRESSING STAKEHOLDER QUESTIONS
6 National Laboratories, 25+ R&D Partners, 50+ Stakeholders

R&D PARTNERS NATIONAL LABORATORIES STAKEHOLDERS
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PRIMARY APPROACHES FOR VEHICLE agr et
AND TRANSPORTATION SYSTEM IMPACT

VEHICLE FOCUS TRANSPORTATION SYSTEM FOCUS

Develop and deploy energy-efficient vehicle and powertrain Agent-based transportation system simulation coupled with
controls enabled by connectivity and automation additional tools for land use, electric grid, energy, GHG, etc.

XIL Workflow

Virtual World §

Road and other

vehicles simulated S ‘ ' :' Real V9h|C|e
IR %, on chassis

dynamometer

CAV Control

Controls the real gz »
vehicle driving in a [
virtual world =

Activity plan n ( Shadllg

e i ((mod focstien

L“

2859 (o »3;39 [_
'" o 4,

Simulated systems Dyno XIL Track XIL Real systems =z L
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LARGE NUMBER OF METRICS 6 SRR
CONSIDERED SIMULTANEOUSLY

200006

LAND PASSENGER GOODS TRAVELER CONTROL

Multi-fidelity
end-to-end modeling
workflow, provides

USE CHARGING MOVEMENT MOVEMENT BEHAVIOR

unique insights B W
by quantifying the
Impact of individual

AGENT BASED
TRANSPORTATION

) SYSTEM MODEL
technologies

and policies
across the entire
transportation system.

MOBILITY ENERGY  EMISSION/GHG COST EQUITY ACCESSIBILITY
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CURRENT AUTOMATED DRIVING SYSTEMS  “o
ARE NOT FUEL EFFICIENT—BUT COULD BE @

Real world 1M+ 44K+ 16K+ Wl POTENTIAL ENERGY SAVINGS

usage shows
minor energy | 150+ 95 35%

penalty Vehicles Drivers ACC

Kilometers  Trips Hours

Vehicle-to-
Vehicle with
intent-sharing

Engagement

SPaT with
additional
Signal Phase traffic signals
and Timing
(SPaT) for

next traffic
signal
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LEVEL 4 AUTOMATED DRIVING MAY INCREASECD """""""""""""""""""""""""""""""""

GREENHOUSE GAS EMISSIONS
Level 4 automated \ \
highway driving % ) A GHG
encourages longer - emiSsSIions
highway travel, so 4 (EITES)
emissions increase, W -
mostly along highways ;ESDES
and in outlying areas. 0-025
Mitigation strategies 0.25- 1
should focus on — W=
those spots

Energy Efficiency &
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CARBON PRICING CAN HELP MITIGATE LAND %o ™
USE IMPACT OF LEVEL 4 AUTOMATED DRIVING

» Applied increased costs
for carbon emissions
over time coupled with
EV ownership subsidies

» Carbon pricing reduces
GHG from Level 4
automated driving by up
to 25% when considering
land use change

= Well designed policies
counteract Value of
Travel Time impacts

Energy Efficiency &

ENERGY Renewable Energy

A Level 4 Ref 2040
vsS. Base Ref 2020

A Population density per/km?

W <
B -s0--25
-25- -2
-2-2
2-25
B s-50

M >s0

11



Te@ SMARTMOBILITY

ROAD PRICING COST INCREASES HIGHEST 2™

IN LOW INCOME AND EXURBAN AREAS

Delay based congestion
pricing can increase
network speed up to 11%

Total travel cost
increases can reduce
daily income by up to
7.5%

Agencies should explore
ways to reinvest revenue
from congestion pricing
to reduce travel COST
burden

nnnnnnnnnn Energy Efficiency &

ENERGY ‘ Renewable Energy

A Daily
Income

A Daily

Income (%)

> 0%

0.0% to-2.5%
| -2.5% to -5.0%
-5.0% to -7.5%
<-7.5%
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TRANSIT OPTIMIZATION IMPROVES Q0T o
RIDERSHIP UP TO 11% AT MODERATE COST

* Increased bus . . . .
frequencies or new A Chicago Transit Ridership @3
Bus Rapid Transit 5%

(BRT) improves transit
user experience (less 2 20% ® 2X + BRT
waiting & travel times) 2

= Increased frequency = ® X
more beneficial to Metra D ® Sotimi
and Pace suburban 5 Optimized
buses than CTA o | ®ERT

< 5%

= New routes and BRT . LoAfaselink

more beneficial to CTA M(ﬁ 20% 40% 60% 80% 100% 120%

% Change in Operational Cost

Energy Efficiency &
13
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SUBSIDIZED RIDESHARE SERVICE )
INCREASES TRANSIT USE BY 12% @

Paid first- Free FMLM Largely used to & Potential to
mile-to-last-mile Increases use reach commuter & remove 100K

4 (FMLM) boosts of rideshare-to- | rail stations— & auto-based
transit use from @& transit by 76% | increases commuter trips
4.5% to 5.0%, catchment area
free FMLM N up to 1.8 miles

| to 5.6% for those

| without autos

S N ' CHICAGO METRO

““““““““““““ Energy Efficiency &
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WHAT IS MEP AND HOW IS IT CALCULATED? A

Mobility Energy
Productivity (MEP)
guantifies how well
connected a place is,
and does so while
accounting for time,

cost, and energy
of modes that provide
mobility in that place

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY Renewable Energy

Te@ SMARTMOBILITY

@._ toms and Modaling for Accelerated Resaareh in Transportation

Quantify the number EXAMPLE OF OPPORTUNITIES
of opportunities that ACCESSIBLE BY BIKING

people can reach within P 75 WP
a certain travel time RO 1 N

threshold via different
transportation modes

The opportunities
measure is weighted
by the time, energy,
and cost-efficiency
metrics of different
transportation modes.

15



UNPACKING THE MEP SCORE

Drive MEP

B 250
[0 200
150
100
H 5o
Mo
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VEHICLE OWNERSHIP

0%

mqaﬁ SMARTMOBILITY

Has an outsized impact on time, energy, and cost-efficient accessibility

a) Low Income Cohort a) High Income Cohort
Cohort Overall MEP: 907  _ 7 Cohort Overall MEP: 1,433 _ 1050
Cohort Population: 2.04M £ 2ce0- Cohort Population: 3.35M 2 2000~ 1
i A B
- §8 8 - 88 §
MeP

ver Low-Income:
Household Annual Income < $36.9K

High-Income:
Household Annual Income > $83K

a) No Vehicle Cohort

Cohort Overall MEP: 220
Cohort Population: 0.67M

Vehicle-replete:

Number of drivers (age 16+) >=
Number of vehicles in household

b) Vehicle Replete Cohort

Cohort Overall MEP: 1,818 _ 7«0

Cohort Population: 4.55M 2 zouw-
3

0-

Population

““““““““““““ Energy Efficiency &

ENERGY Renewable Energy

The spatial disparity in
locations with high MEP
scores vs. places of
residence was stark for
vehicle-ownership

based cohorts compared
iIncome-based cohorts.

17
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Q

E-BIKES IMPROVE EFFICIENT ACCESS =

Provide at least half the access that driving does for 9% of Denver’s Population

Taking the energy, cost,
and speed tradeoffs

of e-bikes and cars into
account, it was found
that personal e-bikes
can provide access

that is comparable
to cars in some areas
(~9% of the cities

: . Drive MEP E-Bike MEP % E-Bike MEP
population or 4% of its B o o
. 175 50 175 50 70% BN 20%

area) in Denver 150 1 25 150 B 25 -3 Ky

*Preliminary results

““““““““““““ Energy Efficiency &

us.
ENERGY Renewable Energy 18
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MEP SCORES HELP QUANTIFY AVAILABILITY &%~
OF DRIVING ALTERNATIVES IN U.S. CITIES e

MEP Scores Analyzed for ~ 100 U.S. Cities

Share (95) of efficient modes MEP to overall MEP

Of the 10 highest-scoring

cities in the ACEEE

scorecard’s transportation )
chapter, 7 earned at least ®
20% of their total MEP score

through the contributions of

efficient modes. ®

Ty J
S
=
8
~
@
L
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The top 4 scorers for transit
funding also had an e |

exceptionally high mean T e P
MEP efficient-mode ratio of :
25%.

Energy Efficienc y &
19
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PARTNERS/LICENSEES/COLLABORATORS

Canada
In discussions with NRCan to generate

MEP scores for various locations in Canada
- .

Montpelief

Detroit
Ann Arbor ‘
O Q

Fort Collins \ Chicago 2 Centre Courlty O

O

§ \ Wilmington
3 N Pittsburgh

‘ i % Dover
A 3
7 1 { Baltimore

\
Los Angeles
°, A
. (; .

Phoenix e 7 \ Funding Source

DOE funded

United States 3 === DOE + partner
ACEEE interested in incorporating MEP i Orlando funded
in their scoring methodology © Partner funded

Miami Prospective
"a collaborations

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

e =

U.S. DEPARTMENT OF ENERGY

SMARTMOBILITY

‘Systenss and Modeling for Accelorated Researeh in Transportation

Q
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INNOVATIVE METRICS CAN PROVIDE
MEANINGFUL NEW INSIGHTS

Agent-based modeling

INEXUS Suite of Metrics
Individual experienced

= High-resolution agent-based = We demonstrate an example

ENERGY

utility-based synthesis

Potential INEXUS

Captures the full utility of modal
options available to the individual

Realized INEXUS
Measures the utility experienced
by the agent for the mode they
actually chose

Social INEXUS

Measures the utility experienced
by and the externalities associated
with the agent for the mode chosen

Energy Efficiency &
Renewable Energy

modeling frameworks are
powerful tools for exploring
alternative transportation
system policy, design,

and technology
deployment scenarios.

Gaining multi-faceted insights
from these scenario outcomes
requires a range of innovative

ways of processing the results,

including development of
informative metrics.

of this using a sensitivity
analysis in the BEAM CORE
integrated agent-based
modeling framework:

— price of ride-hailing is
varied from 0% to 800%
of the baseline.

— This makes a flexible
backup option more
or less affordable
and accessible.

21
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POTENTIAL INEXUS

Can highlight inequities in the baseline transportation system

"A m_U|titUde of fa}CtorS Distribution of Potential INEXUS values for mandatory
(residence location, trips in the baseline scenario across income groups

mode availability,

—— Lowest 10% Income

budget constraints, N\ ~— Highest 10% Income
vehicle ownership, etc.)
contribute to systematic
inequities in the current

0.030

transportation system.

= Potential INEXUS for
mandatory trips for
highest income travelers
IS 16% higher than for
lowest income travelers.

oooo
-60

-20
Potential INEXUS in dollar

Energy Efficiency &
Renewable Energy
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AFFORDABLE BACKUP MODAL OPTIONS = iiiionu
DISPROPORTIONATELY BENEFIT LOWEST
INCOME SUBPOPULATION

M(_)Vlﬂg from baseline Distribution of Potential INEXUS across ridehail price
price to no-cost scenarios by the income of travelers

ridehail results in
a 44% improvement s
in the median Potential
INEXUS for the lowest

dehail Price

Income group compared
to a 13% improvement
for the highest

income group. : %

Potential INEXUS relative to Basel
e}
S a5 @

Energy Efficiency &

ENERGY Renewable Energy 23
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‘Systenss and Modeling for Accelorated Researeh in Transportation

INEXUS CAN CAPTURE A RANGE OF f
POTENTIAL BENEFITS FROM A SYSTEM oA
CHANGE EVEN WITHOUT BEHAVIOR CHANGE

L. Freeride
direct benefit:
travelers that use ridehail
the lower ridehail price .

scenario receive benefits

T

S35
sxﬂz?}ljj
288 FRg
3 88

H

without any induced

e Change | % i
Il 800% Price
Transit 500% Price

. Backup option = o
indirect benefit: s =2 2
some travelers that don'’t =
reoptimize are still better ‘ el NEXUS it o s ' ' Powrae MO0 e 0 bos
off because they have a
more appealing backup Realized and Potential INEXUS for travelers who

option available do not change their mode from the baseline

““““““““““““ Energy Efficiency &

ENERGY ‘ Renewable Energy 24



SOCIAL INEXUS CAN REVEAL
DIFFERENCES IN THE SHARE OF CARBON
EMISSIONS ACROSS SUBPOPULATIONS

Each higher income traveler contributes
on average more to carbon emissions
baseline and higher ridehail prices

. 44% improvement
in Potential INEXUS

13% improverﬁ:hpt .
in Potential INEXUS

At lower ridehail prices, more low-income
households switch to ridehail, resulting

This improvement in accessibility comes
with a trade-off >lower income traveler more
in a 44% improvement in their accessibility
and experience.

similar to their higher income counterparts
in terms of carbon emissions contributions

““““““““““““ Energy Efficiency &

ENERGY Renewable Energy
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Improving
equity and
environmental
outcomes can
often be difficult

to achieve
simultaneously,
but tools like
these can help
understand the
mechanisms
underlying
these tradeoffs

25



UPCOMING WEBINARS

© <& SMARTMOBILITY
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Energy Efficiency &
Renewable Energy

Transit & Ridehail

AUTOMATED VEHICLES
Vehicle and powertrain Control

Traffic signal control

FEBRUARY APRIL JUNE AUGUST
OVERVIEW, MULTIMODAL TRAVEL CONNECTED & ELECTRIFICATION
KEY METRICS Micro-mobility AUTOMATED VEHICLES EVSE deployment
AND INSIGHTS Transportation system impact Grid impact
SNEAK PEEK Induced VMT, land use, policies
@ @ ® O ® O ® 2023
MARCH MAY JULY
MULTIMODAL TRAVEL CONNECTED & FREIGHT

Last mile delivery

26
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General questions, comments, please contact
eems@ee.doe.gov
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