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that requires half the amount of vana-
dium as currently available versions.
That would represent considerable sav-
ings, since vanadium electrolyte costs
about $200/kWh. The company antici-
pates additional performance enhance-
ment with a low-cost  ion- exchange
membrane, which is based on a renew-
able biopolymer. Thomas Kodenkan-
dath, ITN program manager, says that
500  cycles have been demonstrated to
date;  ARPA–E’s requirement is 1000.
The company is aiming for residential
and small-scale applications and for a
cost of $1000 per unit. Using other bat-
tery technologies, such units now sell
for around $4000.

Other flow batteries include one
being developed by Harvard Univer-
sity (shown in the photo on page 25).

Duracell technology
Not all the technologies backed by
 ARPA–E are flow batteries. The City
University of New York, working with
a $3.5 million grant, is advancing a
rechargeable zinc– manganese oxide
cell, the same chemistry used in dispos-

able alkaline batteries. CUNY’s original
award was extended for a year to sup-
port efforts to reduce dendrite forma-
tion and extend the life of the anode,
says Jerome Fineman of CUNY’s En-
ergy Institute. The battery has achieved
3000 cycles to date, but he says the in-
stitute is aiming to push that number to
5000. Meanwhile, a CUNY spinoff,
Urban Electric Power, has licensed and
begun marketing the Zn– MnO2 battery
and a separate zinc– nickel battery de-
veloped without  ARPA–E funding, for
homes with uninterruptible power
needs and for home backup power sys-
tems in India and other less developed
 nations. Last year, the company opened
a $6.1 million, 5000-m2 R&D and man-
ufacturing facility in New York’s
Harlem district, funded in part by state
and local agencies.

According to Ann Marie Scuderi,
business development manager, the
Zn– MnO2 technology could attain the
$100/kWh cost target once production
is scaled up.

David Kramer

As the Advanced Research Projects  Agency– Energy celebrates its fifth birthday next
month, it boasts a portfolio of 362 clean- energy projects. Backed by more than $900 mil-
lion in grants, those projects span 18 technology areas that range from developing in-
novative renewable energy sources to exploring alternatives to rare-earth metals and
microorganisms for the reduction of vehicle emissions.  Twenty-two of the awardees,
who were recipients of  ARPA–E grants totaling $95 million, have attracted a total of
$625 million in private financing. In addition, at least two dozen project teams spon-
sored by  ARPA–E have spawned new companies to commercialize their technologies.

Although those numbers may seem impressive,  ARPA–E’s future, let alone growth,
isn’t altogether assured given the austere budget climate. The House of Representatives
had passed a bill last year that would have slashed  ARPA–E’s fiscal year 2014 budget to
$50 million, an 81% reduction from the $265 million provided in FY 2013. Although the
final appropriation for this year was set at $280 million after negotiations with the Sen-
ate, the experience demonstrates how the 42- person office, part of the Department of
Energy, is “still fragile” and just one appropriation away from becoming largely irrele-
vant, said Bart Gordon, the former Tennessee Democratic representative who helped
to codify  ARPA–E in the America COMPETES Act. That law, which authorized a variety
of new science education and technology development programs at multiple agencies,
expired in October 2013, and reauthorization efforts have stalled. President Obama has
included $325 million for  ARPA–E in his fiscal year 2015 budget request.

Gordon was among program supporters who spoke at the annual  ARPA–E confer-
ence outside Washington, DC, in late February. Representative Paul Tonko (D-NY) said
the  ARPA–E budget “pales in comparison to what it should be.” And Senator Chris
Coons (D-DE) agreed that Congress “should accelerate its investment significantly.”
Cheryl Martin, acting  ARPA–E director, said that the agency could ramp up to a $1 bil-
lion budget over time, though certainly not within one year. “We see more problems
and ideas than we [can] fund. Over time, those kinds of numbers are appropriate,” 
she said. 

For an operation that was created to back high-risk, high- payoff technologies,  
ARPA–E has had few failures so far. Of the 362 projects funded to date, only 18 have
been terminated, Martin says. Many others have altered their objectives though, 
she adds. David Kramer

ARPA–E, a success by some measures, remains fragile
Livermore ends 
LIFE

Lawrence Livermore National Labo-
ratory has quietly shelved a pro-
gram that was developing a design

for a plant that generates electricity
from laser fusion. The Laser Inertial
 Fusion Energy (LIFE) program was
meant to provide a practical application
of fusion energy following the attain-
ment of  ignition at the lab’s National
 Ignition Facility (NIF). But achieving
 ignition—characterized by the release
of energy in excess of that required to
initiate the fusion reaction—is more
than a year  behind schedule. 

Despite achieving a significant mile-
stone at NIF last September (see the Pol-
itics and Policy report on the PHYSICS
TODAY website), LLNL remains far from
ignition. Last fall’s experiment, pub-
lished earlier this year, produced fusion
energy equal to about 1% of the laser’s
1.8-mJ input.

“The focus of our inertial confine-
ment fusion efforts is on understanding
ignition on NIF rather than on the LIFE
concept,” LLNL acting director Bret
Knapp said in a statement. “Until more
progress is made on ignition we will di-
rect our efforts on resolving the remain-
ing fundamental scientific challenges to
achieving fusion ignition.” He added
that the lab will continue to support and
invest resources in underlying science
and in technology projects, such as ma-
terials research, diode lasers, and fuel
targets, that could enable fusion as an
energy source. A LIFE plant would im-
plode 1.3 million precisely manufac-
tured fuel capsules each day.

The mothballing of the program will
result in no job losses, Knapp said.

Some fusion researchers have criti-
cized LLNL for having seriously under-
stated the challenges to be overcome in
order to build an inertial confinement
fusion (ICF) power plant. Indeed, an
 article in the July/August 2011 issue of
LLNL’s Science & Technology Review had
stated that a demonstration power
plant generating 400 megawatts could
be operational by the mid 2020s. 

“In my opinion, the overpromising
and overselling of LIFE did a disservice
to Lawrence Livermore Laboratory,” says
Robert McCrory, director of Rochester
University’s Laboratory for Laser Ener-
getics, a laser fusion lab funded by the De-
partment of Energy. Construction of the
ICF facility would have to start today, he
notes, given the lack of manufacturing ca-
pacity for the laser glass that would be
needed. Even with none of the power-


