Good norning. | would like to discuss two major thrusts in the Advanced
Energy Technol ogi es program nanely portable power and energy
har vesti ng.

I will highlight some near term denobnstrations and discuss future
opportunities.

Batteries have provided the power to the mlitary's portable electronic
equi prent for decades.

New vi sions of future warfare include energing technol ogi es such as
robotic vehicles and exoskel et ons.

In nobst cases batteries can provide adequate power for proof of

princi pal denonstrations but they will not have sufficient energy for
real nmissions. In order to address the energy i ssue we need to devel op
efficient energy conversion technol ogi es.

Two maj or approaches to energy conversion are fuel cells and heat
engi nes.

Fuel cells and static thernmal systens are favored for man-portable
systems due to their sinplicity and | ow acoustic signatures. (Lawn
mower engines will not work as a viable power source for the soldier).

Fuel cells convert the fuel efficiently to electricity and are likely
to provide near termenergy solutions for some m ssions.

The major issue for using fuel cells is the fuel source, which I wll
address in a nonent.

In order to assess the effectiveness of snall fuel cells in an
operational environnment we supported denonstrations with the Mrine
Corps and the Navy.

In the Marine Corps exercise, fuel cells, secured aboard a Hunvee,
provi ded power to radios and | aptop conmputers at a retransmi ssion site.

The estimated cost savings using fuel cells exceeded $800 per day per
site.

In a recent joint Navy/Marine Corps/United Nations hunanitarian
exercise, fuel cells were used to power |aptop conputers, ham radi os,
and repeaters in a renote, hostile environment.

The photograph illustrates a fuel cell powered repeater station that
provided Internet access to a renote nock refugee canp.

On a weight basis small fuel cells outperformbatteries for energy-

i ntense or |ong duration mssions. W recognize that conpressed
hydrogen is not an ideal fuel for portable soldier systems so we have
devel oped smal|l hydrogen generators and direct nethanol fuel cells.

VWhile the direct nethanol fuel cell provides an attractive option for
portabl e power applications, direct conversion of hydrocarbon fuels
offers twice the energy content of nethanol. Efficient conversion of
these fuels has been realized for |large systens. W are now aski ng- -



can we approach these efficiencies in portable systens w thout posing a
saf ety hazard or generating unacceptable thermal signatures? Recent
results have shown that |iquid hydrocarbon fuels can be converted
directly into electricity in a solid oxide fuel cell.

There are mmjor chall enges ahead to turn this exciting prelimnary
result into a practical portable system

Sonme of the chall enges associated with small energy conversion devices,
whet her they be fuel cells or other concepts, will be addressed with
new materials and thermal integration concepts.

Por ous super-thermal conductors and advanced aerogel materials can be
used to transfer or isolate heat, respectively.

In addition, cascading systenms could be used; for exanple, waste heat
from one energy conversion technol ogy could pass through a second
device such as a thernoelectric nmodule to generate additional power
before being rejected to the environnent.

If innovative materials and fabrication nethods are used, these
approaches could lead to greater efficiencies than sinply the sum of
the individual efficiencies of each conponent.

We are initiating a new programcalled "Pal m Power" that will focus on
power generation in the 20-Watt range using hi gh-energy content fuels.

W anticipate the need for highly interdisciplinary teans to address
the i ssues associated with this challenging project.

In order to facilitate teaming we will be hosting a workshop this fall,
the details of which will be posted on the DARPA website and published
in the Commerce Business Daily.

Finally, | would like to conment on our energy-harvesting program
which is intended to increase mission endurance by harvesting energy or
fuel from environmental sources. W are exploiting nmechanical

bi ol ogi cal, chem cal and thermal gradients, and solar energy for energy
har vesti ng.

Two projects utilize novel nmaterials that convert nmechanical energy to
electrical energy directly. In the first exanple, energy is extracted
from heel strike during walking.

We expect that 1-2 Watts per boot will be generated wi thout encunbering
the wearer. (W don't want the soldier to feel like he or she is
wal ki ng t hrough nol asses). The system can be used to recharge batteries
or provide power to devices co-located in the boot such as an inerti al
navi gati onal system or chenical sensors.

In the second exanpl e an energy- harvesting eel has been devel oped t hat
captures the energy of flowing water. The eel will provide power to an
under sea sensor and acoustic nobdemthat will transnit the data to a
near by buoy having a satellite link

Finally, I would like to tal k about biol ogical energy harvesting.



Smal | bi ol ogi cal notors powered by adenosine tri-phosphate or ATP have
recei ved considerable attention recently.

An exanpl e of a bionolecular notor is the ATPase motor in which the
ganma subunit (the bowing pinin the mddle) rotates as ATP is
consuned (or synthesized).

The top portion of the notor can be isolated, nodified and attached to
a substrate. A single nolecule ATPase notor can generate sufficient
torque to nove nman-nade objects. The generated force is equivalent to a
person spinning a 50-foot tel ephone pole under water at a rate of one
cycl e per second. Macroscopic nolecul es and materials have been
tethered to the gamma subunit of the notor in order to observe its
nmoverment and characterize its perfornance.

Recently, Carlo Mntenagno's group at Cornell attached a one-
m croneter nickel rod to a single ATPase notor and inaged it with an
optical microscope in real tine.
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If you look closely you can see a bl ender-effect as the vortex created
by the notor draws |larger objects into its spinning path.

We are interested in understanding the fundanental force production
mechani sns of biological nmbtors as a function of fuel consunption and
to be able to integrate these notors with man- made nanostructures that
will lead to useful devices.

The ultimte applications of these notors are presently unknown but the
conver gence of bionol ecul ar engi neering with nanotechnol ogy offers

unpr ecedent ed opportunities and sonme very thought provoking
possibilities such as single atomor nol ecul e detection

I hope that this brief overview of the Advanced Energy Technol ogi es
Programwi || stinulate your thinking in this area and | would wel cone
the opportunity to discuss any ideas that you mi ght have that support
our program goal s.

Thank you very nuch for your attention.



