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events

The Obama administration is
pouring a big dose of economic stimulus
money, $2.4 billion, into developing
and subsidizing production of next-
generation plug-in hybrid electric vehi-
cles and fully electric vehicles. Of that
total, the Department of Energy (DOE)
has handed out $1.5 billion in grants to
US-based manufacturers to help them
develop and produce the advanced bat-
teries and other electric components
that will be needed to meet the admin-
istration’s goal of putting 1 million
PHEVs and EVs on the road by 2015.
Most of the grants are going to manu-
facturers who have been lured to Michi-
gan by tax breaks and other incentives
offered by the recession-ravaged state.

But a recent report by a National Re-
search Council (NRC) committee has
cast doubt on hopes that PHEVs and
EVs equipped with lithium-ion batter-
ies could make a big dent in the US au-
tomobile market and, hence, a parallel
dent in US petroleum consumption and
greenhouse gas emissions. The commit-
tee, comprising 16 experts from indus-
try, universities, and consulting firms,
released its report in December. The
document states that producing a
PHEV that can go 40 miles in all-electric
mode—as Chevrolet touts that its Volt,
to be introduced late this year, will do—
will cost about $18 000 more to manu-
facture than a similar-sized convention-
ally powered vehicle. According to the
report, an estimated $16 000 of the extra
cost is attributable to the complexity of
the lithium-ion batteries of the size
needed for vehicles. Such a big pre-
mium will limit the Volt’s market to af-
fluent buyers.

For PHEVs to penetrate the wider
auto market, batteries will have to be-
come significantly cheaper than they are
now yet still meet performance require-
ments and remain durable for 10 years
or more, says the NRC committee,
which was chaired by Michael Ramage,
retired executive vice president of
ExxonMobil Research and Engineering
Co. With nearly twice the energy den-
sity and about three times the power
density of the nickel-metal-hydride bat-
teries that are used in hybrids now,
lithium ion, according to the report, is
the only available near-term option. A

18 February 2010 Physics Today

Obama, Detroit push the limits
of electric vehicle batteries

The first plug-in hybrid and all-electric cars are just around the corner, but
their batteries still need work.

A recharge for Detroit? Government officials and General Motors Corp executives
celebrate the 7 January rollout of the first production battery that will power the
Chevrolet Volt plug-in hybrid electric vehicle. Pictured at the GM battery plant near
Detroit are, from left, plant manager Nancy Laubenthal, Representative Sander Levin
(D-MI), Senator Carl Levin (D-MI), US Secretary of Energy Steven Chu, GM CEO Ed
Whitacre, Michigan governor Jennifer Granholm (D), Rep. John Dingell (D-MI), Wayne
County executive Robert Ficano, and Brownstown Township treasurer Andy Linko.

high power density will accommodate
the high current flows needed for accel-
eration; energy density determines how
far the car can travel in all-electric oper-
ation. A third requirement is for the cells
to perform across a changing state of
charge, as the battery moves from a
charged to a depleted condition. (For
more on battery technology, see PHYSICS
ToDAY, December 2008, page 43.)

Some improvement expected

“What no Li-ion can do yet is simulta-
neously deliver both high power den-
sity and high energy density at a rea-
sonable cost,” the NRC report says.
While costs are likely to drop by as
much as one-third by 2020 due to tech-
nology improvements and economies
of scale, further reductions beyond that
will be small. “Li-ion batteries are al-
ready being produced in great numbers
and are well along their learning
curves. The steep early drop in cost
often experienced with new technolo-
gies is not likely,” the report states.

A PHEV version of the Prius will
cost an estimated $6600 more than a
comparable conventionally powered
car, with $3300 of the premium due to
the battery, the report says. Toyota’s
lithium-ion vehicle, generically re-
ferred to in the report as a PHEV-10, is
expected to have an all-electric range of

just 13 miles. The document does not
address the all-electric Nissan Leaf,
expected out later this year in the US
and Japan. Nissan officials claim that
the five-passenger vehicle will run for
100 miles between charges and reach
speeds up to 90 miles per hour.

Commenting on the NRC report,
General Motors spokesman Robert Pe-
terson says that the company’s cost of
production for the lithium-ion packs is
“hundreds of dollars less” than the
NRC’s estimate of $875 per kilowatt
hour of stored energy. He declined to be
more specific on cost, but he says that
GM has already produced hundreds of
the batteries and has been testing them
for more than two years under a wide
range of real-world conditions. The
Volt’s battery packs are “extremely ro-
bust,” he says. Volume production of
the packs, using cell technology li-
censed from South Korea’s LG Chem
began on 7 January at a GM plant near
Detroit.

Toyota moving cautiously

But Jaycie Chitwood, manager of future
fuels and environmental strategies for
Toyota Motor Sales USA, calls the cost
estimates in the NRC report “balanced
and in line with our current view” of the
state of lithium-ion technology. Toyota,
she said, agrees with the committee that
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production costs for the batteries aren’t
likely to decline a lot as production
increases. Though it has led the way in
hybrid vehicles, Toyota is moving cau-
tiously into PHEVs. Its lithium-ion-
equipped Prius won't be available in the
US until 2012, after 500 of the modified
cars are field tested in the US, Japan, and
Europe. The testing campaign is being
paired with a campaign to educate the
public about PHEV technology.

John Hanson, Toyota’s national man-
ager for environmental safety and qual-
ity communications, said that PHEVs
will require “societal changes,” such as
the ability for owners to plug in their
vehicles for a daily recharge, if the cars
are to make big inroads into the market.
The first of several planned demonstra-
tions got under way in October in Boul-
der, Colorado, where 10 PHEVs are
being placed with residents in a part-
nership with Xcel Energy’s SmartGrid-
City program. Test drivers will partici-
pate in a research project coordinated
by the Renewable and Sustainable En-
ergy Institute, a newly established joint
venture between DOE’s National Re-
newable Energy Laboratory and the
University of Colorado at Boulder.

No one disputes that consumers will
pay a premium to own PHEV technol-
ogy, just as they have done to get cur-
rently available hybrids that employ
nickel-metal-hydride batteries. It will
likely be several decades before the
extra cost of PHEVs will be balanced by
fuel savings over the vehicle’s lifetime,
the NRC report says. Although GM has
yet to announce pricing for the Volt,
published reports indicate that it will be
offered in the $40 000 range. Nissan
CEO Carlos Ghosn told reporters in No-
vember that the all-electric Leaf will be
“affordable” and that by 2012 Nissan
and its partner, Renault, will have a
combined production capacity of
500 000 vehicles.

Ted Miller, Ford Motor Co’s senior
manager for energy storage, strategy,
and research, chairs the management
committee of the US Advanced Battery
Consortium (USABC), a 19-year-old
collaboration among GM, Ford, and
Chrysler Group LLC. He said the con-
servative approach GM has taken with
the Volt is “probably necessary for the
first generation of that vehicle,” given
the state of lithium-ion technology and
the Volt’s series hybrid drivetrain con-
figuration, in which its engine serves
solely to generate electricity when the
battery is depleted. “I think we would
all agree that when you get started, you
don’t want to disappoint any cus-
tomers,” Miller said. “But long term,
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you've got to have the business case
right. We’ve said that for a PHEV-40 de-
sign, we think we’ll have to be at about
$300 per kilowatt hour to have a viable
business case.”

Grants in the billions

Virtually all of the $1.5 billion in taxpay-
ers’ investment in advanced vehicle bat-
teries is backing lithium-ion technology.
Battery manufacturers who are locating
their production plants in Michigan
have received two-thirds of that. They
include Johnson Controls ($299 million),
A123 Systems ($249 million), LG Chem
subsidiary Compact Power ($151 mil-
lion), KD Advanced Battery Manufac-
turing Group ($161 million), and GM
(%106 million). The remainder of the
$2.4 billion is divided: $500 million is de-
voted to DOE grants for the develop-
ment of motors, power electronics, and
other electric-drive components for the
vehicles. And $400 million is for federal
agencies to purchase thousands of
PHEVs and EVs for fleet evaluation and
demonstrations, to begin installing the
charging infrastructure, to educate the
public, and workforce training.

The PHEV batteries will undergo
thousands of cycles of deep discharges
and recharges over years of daily use.
The USABC and the Volt program have
set 10-year, 150 000-mile targets for bat-
tery lifetime. Seeking to ensure that the
Volt will meet those goals, engineers
have designed battery packs to hold
16 kWh—twice the energy needed to
achieve its 40-mile range. The wide
margin will allow cells to be kept within
a relatively narrow state of charge, well
away from either fully depleted or over-
charged conditions, which can reduce
battery life.

But an abundance of caution also
raises cost. GM’s Peterson acknowl-
edges that the Volt’s 181-kg, 1.8-m-
long battery pack has been “over-
engineered” in some respects, and says
the carmaker plans to incorporate les-
sons learned from the initial units into
future designs. Alex Molinaroli, chair-
man of joint-venture battery manufac-
turer Johnson Controls-Saft, says that
the first PHEV batteries are likely to
outlast the vehicles they're in. “What do
you do with these batteries that still
have a useful life?” he said at a Novem-
ber press conference. “Do you purchase
them, or lease them?”

The USABC’s goal is to develop
lithium-ion batteries that will be capa-
ble of using nearly 70% of their energy
capacity, a considerable improvement
on the Volt’s 50% ratio. That would
allow smaller and lighter PHEV and

February 2010 Physics Today 19

METALS &
MATERIALS

small

quantities

Metals, ceramics,
polymers and
composites

- from the ordinary
to the extraordinary -

in an extremely
wide range of forms

For standard items
For special requests

To speak to areal,
live person, call

Serving science
and industry since 1967

© 2008 Goodfellow Corporation




EV batteries to be built. In a report it re-
leased in August 2009, the Electric
Power Research Institute says model-
ing of lithium-ion battery designs indi-
cates that battery costs to automakers
will decline to a range of $250-$400 per
kilowatt hour when production vol-
umes increase to 100 000 or more packs
per year. The Electrification Coalition,
an ad hoc assemblage of automakers,
fleet vehicle operators, battery manu-
facturers, and electric utilities, says the
average cost today is about $600 per
kilowatt hour. “No obstacle to [PHEV
and EV] adoption has been as formida-
ble as the development of battery tech-

nology,” asserts the coalition’s Novem-
ber report.

The industry is focusing its cost-
reduction efforts on three major compo-
nents of lithium-ion batteries, says Ford’s
Miller: the separator, a microporous film
typically made of a polyolefin material;
the cathode materials; and the elec-
trolyte. According to the NRC report, the
electrolyte is typically a solution of
lithium hexafluorophosphate salt in a
solvent blend of ethylene carbonate and
various linear carbonates. Finding less
energy-intensive manufacturing proc-
esses also will be key to reducing costs,
Miller says. David Kramer

Accelerator school travels

university circuit

With the use of accelerators on the rise, a mobile school aims to
fill in where universities fall short.

“Why do you talk so much? Why
don’t you do something?” That barb 30
years ago by Wolfgang Panofsky, then
director of SLAC, planted the seed that
Brookhaven National Laboratory re-
searcher Mel Month quickly nurtured
into the US Particle Accelerator School
(USPAS). The first session was held in
1981 at Fermilab. At the time, Panofsky
and Month, an accelerator physicist at
Brookhaven National Labora-
tory, were on a US Depart-
ment of Energy (DOE) com-
mittee looking into accelerator
education.

Now, every January and
June, a two-week session is
hosted by a different US uni-
versity, which approves the
instructors and courses and
offers academic credit to par-
ticipants; in 1987, the USPAS
switched its courses from a
not-for-credit seminar style to a more
rigorous university style. Typically, 12
courses are offered per session, with a
mix of two-week core courses and one-
week specialty courses. For example, at
the session last month, which was spon-
sored by the University of California,
Santa Cruz, and held in San Francisco,
participants could take two-week
courses at the undergraduate or gradu-
ate level in the fundamentals of acceler-
ator physics, or a laboratory course in
microwave measurements and beam
instrumentation. Among the one-week
offerings were synchrotron radiation
instrumentation and applications, ac-
celerator power electronics engineer-
ing, and project management for scien-
tists and engineers. “Our goal is to
provide a quality graduate program for
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people interested in accelerator science
and technology,” says USPAS director
William Barletta. “How to build, oper-
ate, use, design, or just be fascinated by
accelerators.”

Filling a gap
“The bottom line is that accelerator re-
search and development at universities
is insufficient to support strong faculty
lines,” says Barletta. For
starters, he says, accelerator
physics is an interdiscipli-
nary field. And physics de-
partments often don’t hire in
the field because of a preju-
dice that accelerator science
is “just technology.” That
view was typified in a com-
ment Panofsky made to
Month before the USPAS got
started: “Look, Mr. Month,
the way it works is that high-
energy physicists get the ideas and ac-
celerator people implement them.” In a
turnaround a few years later, Panofsky
told Month, “You are a hero.” (To read
Month’s memoir about the USPAS, see
the online version of PHYSICS TODAY.)
The USPAS focuses on all aspects of
accelerators, but only occasionally on
particular machines. “We did do
specifics of the SSC [the Superconduct-
ing Super Collider, which was cancelled
by the US Congress in 1993], but they
were not as popular as the broader
courses,” says Month. For the past four
years, an international group has held
10-day accelerator schools aimed at
preparing for the International Linear
Collider (ILC) and CLIC (the CERN-
initiated Compact Linear Collider), two
multibillion-dollar projects that are

tending toward teaming up. Both the
linear collider schools and the USPAS
provide “intense academic training,”
says Barry Barish, who heads the ILC
working group and has guest-lectured
at the USPAS. “But there is only a small
overlap. We are more specialized to col-
lider issues.”

CERN also runs an accelerator
school twice a year, with the same aim
as the USPAS —teaching what universi-
ties cannot offer. The CERN school
moves among its European member na-
tions and follows a seminar style. “The
impact in Europe is huge,” says Daniel
Brandyt, the school’s director. “We train
most of the people working in accelera-
tors in Europe.” In addition, some 10
European universities have formed the
Joint Universities Accelerator School,
which offers an annual, two-month-
long undergraduate course in accelera-
tor science. And the USPAS, CERN
accelerator school, and particle acceler-
ator laboratories in Asia and Russia
have held joint programs. The last was
in 2002. “We are hoping to get them
going again,” Barletta says.

Of the roughly 26 000 accelerators
worldwide, says Barletta, only 1% are
research machines with energies above
1 GeV; about 44% are for radiotherapy,
41% for ion implanters and surface
modification of materials, 9% for indus-
trial processing and research, 4% for
biomedical and other lower-energy re-
search, and 1% for making medical
radioisotopes.

“Owing to the expanding need for
accelerator scientists, we fight over
graduates. We rob Peter to pay Paul. We
try to steal employees even from other
labs, even from across the ocean,” says
Maury Tigner, who notes that in the
past couple of years, his group at Cor-
nell University has “fought off four
raids. It’s pretty serious.” Moreover, for
the US, says Tigner, who has been in-
volved in the USPAS from the begin-
ning, “remaining a leader in accelerator
development comes with enhanced
abilities for materials science, medicine,
and homeland security.” Later this year,
the USPAS, together with the DOE,
plans to assess the total number of
accelerator scientists and engineers
needed across national labs, academia,
and industry.

Intense, grueling, fun

The USPAS “makes a 15-week semester
course into an intensive two-week
course. For two weeks, you see nothing
of the rest of the world,” says Fernando
Sannibale, a researcher at Lawrence
Berkeley National Laboratory who at-
tended several USPAS courses when he
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