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Connectivity is becoming ubiquitous.




Automation technology is advancing rapidly.
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Convenience & ROl insure continued growth, that




...Will create tremendous opportunities
to change our lives for the better
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But they also present a number of
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Drivers already travel a total of 3.2 trillion miles
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across U . roads each year.
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Transportation uses 70% of petroleum,

24% is imported.



The typical American Spends >$9 OOO : |
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on transportation each year.



Vehicle emissions impact
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air quality, visibility, and health.
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Transportation produces
G Y T A MR

27% of U.S. GHG emissions
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contributing to cIimate change.



We have to reduce CO emissions
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Connectii

= more travel, more emissions
-



Connectivity + Automation + Electrification
= improved mobility and fewer emissions...
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|F well-integrated with renewable energy generation and an
appropriately designed urban environment
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. but it’s no longer just about the vehicle
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A confluence of techn_olog__yfand policy drivers
are transforming mobility
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Integration delivers maximum synergy. = —
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Four Elements of Sustainable Mobility

=) ovement of goods

Transformative technologies



Moving people

Adv. Energy Power Hydrogen/ Device
Materials storage electronics biofuels Integration
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Combustion storage
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Powering mobility

Grid Buildings
Renewables g CrbEEeE Extreme fast

Integration integration charging
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Materials Devices Ecosystems Controls
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Materials...



Devices...
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Integration makes it possible to

optimize size, efficiency & performance.
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These also are devices




Integration Materials to Devices

.

benefit industry & consumers.
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Integration involves more than just

vehicles & charging equipment. = '
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I ...as well as feeding power to the grid.

| V/m |
Electric vehicles & renewable power sources |
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can be combined to improve grid resiliency. =~
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The ecosystem encompasses
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communlcatlon travel modes, and travelers




Electric vehicles allow
immediate & direct connection

with other systems.




Sustainable moblllty looks at transportation as

a network of travelers services & environments _
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rather than just vehicles and roads
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Higher-level controls can

synchronize multiple systems.
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Apps act as supervisory control algorithms.
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U
Intelligent controls paired with wireless charging can

___ -

alleviate range anxiety.
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Electrification Challenges and Opportuniti

es

Increase with larger vehicles.






- summary
Connect|V|ty and eIectrlflcatlon are here automation is

comlng they W|II transform the transportatlon eco-system.

'WIthOUt mtegratlon these transformatlons could magnlfy
negatlve heaIth cllmate and economlc problem
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Wlth mtegratlon we have the chance to take advantage of the'
-fbeneflts AND mltlgat_ eg oy




Thank you.
Questions?

Chris Gearhart
Chris.Gearhart@nrel.gov
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www.nrel.gov ’

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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