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Why vehicle electrification?

Reduce CO2 Reduce Oil Create
Footprint Dependence Green Jobs
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Why batteries?

=
===
=
— Ny
=

S
-
.
=~
=
~~,
S

plug-in
technologies:

design of Li batteries: Auto to Grid

advanced computation
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’ Universities, National Labs, Financiers, Raw Materials Suppliers, Cell-
makers, Pack-makers, Testers, and OEM’s are all a part of the solution.
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timeline...

Ijecember, 2006 - March, 2007 - Discussions with key faculty on research and
teaching interests

May, 2007 - Unanimous approval by Faculty for program formation
September, 2007 - Official program launch, per Regents’ approval

March, 2008 - May, 2008 - Recruitment and launch of two concurrent intern programs
with strategic partners GM and DTE

January, 2009 - GM acceptance of program into TEP, with enrollment of 50 engineers
in ESE

May, 2009 — GROWTH of intern programs at GM and DTE, summer offering of
ESES05

September, 2009 — ESE >170 students! 50 additional GM engineers.
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. ESE concentrations

civil power supplies:

» Developing and developed worlds have vastly different infrastructures, demands and
opportunities.

« Economies, geographies, and natural resources play major roles in technology
implementation.

« Knowledge base that includes both social and technical aspects of the challenges, is
required.

automotive power supplies:
* Internal combustion engine has set the standard for energy and power density.

» Advances in fuel technologies, including clean diesel, biofuels and high compression
combustion ignition, require parallel fluency in vehicle technologies.

microelectronic and portable power:

» Wireless electronics have become ubiquitous in modern life, and the costs will
become a significant contributor to the demand on grid power.

» Major scientific challenges remain in realization of compact and robust systems, and

N Ar life-cycle analysis of compact power supplies, including considerations of disposal
and/or recyclability.
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greater electrification changes the demands
placed on batteries from power to energy

Light hybrids. Medium hybrids, but Paradigm change: electrified
mechanically coupled drivetrain, Li batteries.
drivetrains.

Uses 8kWh or a 16kWh
system. We need to carry
around less unused capacity.
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in-situ AFM

(b)

- (a): LiMn,0, particles on Au foil
- 3D morphology
- (b): MWNT composite

- mapping of electrical resistance
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- (a) LiMn,0, before annealing
- (b) LiMn,0, after annealing
- annealing induce crystalline structure

- signature of crystal structure (spinel)
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- (a): LiMn,0, particle

- surface morphology (GB)
- (b): carbon fiber (XN-15)

- surface morphology (SEl layer)

TEM

- (a): LiMn,0, particle

- atomic scale microstructure (GB)
- (b): carbon fiber (XN-15)

- crystalline structure (trubostratic)
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Asia has locked up a competitive advantage with this
generation of Li-ion, but the future home of second
gen is still wide open
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commercialization




Commercialization at Sakti3

Computational Models (Physics)




recycling of batteries is possible:
Prof. Lastoskie, UM _

after-market .
performance vehicles R ‘d |

—

post market
storage for renewable energy technologies

to market after-market
EV battery packs economy vehicles

recycle
lithium, cobalt

reuse
Li/Co alloys for
steelmaking, welding,
electroplating, lubrication

reclamation
commodity metals of
non-U.S. origin
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public opinion matters in policymaking

Beijing, China, before and after: getting ready to
EViE improve air quality for the Olympics AsM+S-L




S2. yes, gas price matters, really.

Modeled hybrid sales and actual, based only on time and gas prices
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Simple regression: Number of hybrids sold = 8124(gas price in dollars) +
\ y 174(months after introduction of hybrids); P < 0.05; R-squared = 0.65)
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Great technical accomplishments are
made possible with the right model

UNIVERSITY

AMGEN

Genentech

IN BUSINESS FOR LIFE
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