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Massive wave of changes hitting our transportation system
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Which factors will dominate? What scenarios will play out?




TODAY....ADVANCED VEHICLES
IN A SUB-OPTIMAL SYSTEM

Efficient vehicles enter an CAVs technology targeting
inefficient system safety is hitting the market.

Designing for the nexus of sa4fety, energy, and mobility



TRANSPORTATION-AS-A-SYSTEM

Explore untapped system- = Today:

level efficiencies at —Vehicle-level focus
planning and operations - Independent
timescales — Unconnected

— Subject to behaviors & decisions

= Tomorrow:
— System-level focus

— Connected

— Automated

—In concert

— Across modes

— Managed behaviors & decisions




THE WAVE....CAVs AND MAAS,

BETTER OR WORSE GHG?

= Maturation of Alt-Vehicles and MAAS x& : :
(Mobility as a Service) Combination Substantial reduction

= Maturation of CAVs *" or increase of GHG?

Platooning ]
Eco-driving
Congestion mitigation
De-emphasized performance I
Improved crash avoidance ]
Vehicle right-sizing I
Higher highway speeds _
Increased features ]

Travel cost reduction e
New user groups L

Changed mobility services O
Infrastructure footprint* | ]
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% changes in energy consumption due to vehicle automation



LARGE ENERGY AND GHG

EMISSIONS IMPLICATIONS

+200%

Potential Increase in
Energy Consumption

2050 Baseline Energy Consumption

Potential Decrease in
Energy Consumption

-90%

Vast range of energy implications ... more research required



TABLE STAKES ARE IN THE

TRILLIONS OF $'S

+200%

Potential Increase in
Energy Consumption

Travel More

Travel Faster

Travel by Underserved
Modal Shifting*

Ship More Goods*

2050 Baseline Energy Consumption

Reduce Congestion
Smooth Traffic Flow
Operate More Efficiently
Adopt More ZEVs*

Potential Decrease in
Energy Consumption

-90%

* Not accounted for in these projections

Will new value creation drive unbridled consumption?
8



INCREASINGLY COMPLEX

DECISION ENVIRONMENT

Charging/Fueling Connected
N _ Infrastructure
Cities and Regions T O

............

Decisions ="\

More
Decisions

Transforming complexity into clarity for decision makers?



CONNECTED & AUTOMATED

VEHICLES (CAVS)

= Quantify the energy impacts

= |dentify CAV-enabled opportunities =

= Inform policy/research on CAVs

= Address the barriers to CAVS

EERE Incubator Award
(U of M, ANL, INL)
500 Vehicle Fleet

Improving our ability to predict the energy impact of CAV’s



URBAN MOBILITY SCIENCE

= A new class of data science
= City-scale computational mobility models

= Revealing the previously unknown

Providing scientific support to decision
makers



MOBILITY DECISION SCIENCE

= A science of decision making

Transportation

: .. L System
= Increasingly complex decision ~ Priving Decision Travel

environment Points

= Convergence of ICT, 10T,
Shared Economy

Lifestyle

Technology and policy that anticipate how decisions are made



VEHICLES AND

INFRASTRUCTURE

= Fueling Station Location Reduced EVSE Locations from

18,0
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Dynamics

= Best outcomes for
Infrastructure for
consumers and investors

= Wireless charging as an
enabler? Dynamic?

Informed infrastructure = = [\
Investments that drive
consumer adoption



MULTI-MODAL

= People and Goods

Person 1
work/other tour

= Integrated solutions

Person 2
work tour by train

To downtown
From downtown

= Optimal modal combingtions.. == e———"1— ¥ o

Passenger Trip

=  trainTrip
for energy - i | :
m

1 (Red)
2 (Blue) 6 51

- M aaS | 51 auto vehicle miles traveled |

Energy-efficient, seamless multi-modal transport of people
and goods



DOE SMART MOBILITY

| @ o
@@g SMARTMOBILITY

. Systems and Modeling for Accelerated Research in Transportation

Multi-lab consortia exploring the nexus of energy and
future mobility paradigms




SMART MOBILITY- WHAT ARE

WE GOING TO LEARN?

Mobility Decision
Urban Science Science Connectivity and

Automation

Interaction with the Built
Environment & Urban Data

How Consumers Make

Transportation Decisions Impacts of CAV’s on Energy

Vehicles & Infrastructure Multimodal

Alternative Fuel New Modes, Tradeoffs,
Vehicle-Infrastructure Systems Interface Between Modes



SMART MOBILITY — KEY

QUESTIONS

= Will SMART mobility reduce energy intensity of
transportation?

® ©

= Will SMART mobility enable greater use of low carbon
energy sources?

®

= Will SMART mobility have an impact on VMT?




WORLD CLASS LABORATORY

RESOURCES

Traveler energy consumption model

~1 (individual) agent

LBNL Traveler Energy Consumption Model
LBNL Vehicle Model Library (VML)

Transportation
Secure D_a__!'._a Center
R < L (S C Micro/meso simulation
~50,000 agents

Aimsun

Macrosimulation
~500,000 agents
Connected Corridors
Mobile Millennium
TOPL

Automation tools

Environment

# Vehicle Controller

Agent based model

»\ ~ 5,000,000 agents

Socially Aware Incentive

"/ Responsive - Travel Demand
Model (SAIR-TDM)

MATSIim

Vehicle Propulsion

Abs Acceleration, mph/sec

10 20 30 40 50 60 70
Avg Speed, mph

Propulsion / powertrain HPC architecture and systems
Modeling systems

18 Land use models and regional models



INTEGRATED URBAN MOBILITY

MODEL

s "\ ([ UrbanScience ) 4 CAVs A

Total VMT, impacts and
interaction with built
environment, Maa$S

Decision Science
How likely are people to use
self-driving vehicles?

How might self-driving vehicles
on roadways impact traffic and
What are the factors that o congestion?
influence adoption? X su_stalnablllty? Responsible for vehicle
Coordination, outreach, urban

\ Changes in travel behavior ) \ Jata ) K dynamics model )

Scenarios &
Transitions
BaASI: / F”:_”re/ Safety, Mobility & Energy
ernatives Stakeholders:
Transportation & Urban
Network Planning
Travel Demand . . Road Network Design
. Simulation . .
CONTROL Modeling (Dynamic Traffic Transit Planning
) ; (Activity Based) L Developers, Policy, Regulation
Policy, Regulation, Assignment)
Standards

Outputs:
Congestion Levels
Parking/Curb-front Issues
Fleet mixture / Turnover
VMT, Dynamic Load, Charge

( \ ( \ States

Multi-Modal Vehicles & Infrastructure v
Impact to Mass Transit Alternative Fuel Opportunities
Energy Intensities Infrastructure Needs Grid Modernization
Urban Freight Interaction Policy Guidance Metro Energy

\ ) \ ) Clean Cities




R&D OPPORTUNITY SPACE STILL
EMERGING
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Big Data Control Systems Vehicle Design Lighteighting

Powertrain Optimization
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