U.S. Department of Energy

Small Business Innovation Research (SBIR)
And
Small Business Technology Transfer (STTR)
Programs

FY 2009
Technical Topic Descriptions

FOR REFERENCE ONLY

The funding opportunity associated with these topics is closed.




OFFEICE OF BASIC ENERGY SCIENCES

1. TECHNOLOGY TO SUPPORT BES USER FACILITIES

The Office of Basic Energy Sciences (BES), within the DOE’s Office of Science, is
responsible for current and future user facilities including synchrotron radiation, free
electron lasers, and the Spallation Neutron Source (SNS). This topic seeks the
development of technology to support these user facilities. Grant applications are
sought only in the following subtopics:

a. Synchrotron Radiation Facilities—As synchrotron radiation has become a ubiquitous
tool across a broad area of forefront science, the DOE supports collaborative research
centers for synchrotron radiation science. Research is needed for advanced detectors and
advanced radiation sources, including superconducting and short-period undulators.

With advances in the brightness of synchrotron radiation sources, a wide gap has
developed between the ability of these sources to deliver high photon fluxes and the
ability of detectors to measure the resulting photon, electron, or ion signals. At the same
time, advances in microelectronics engineering should make it possible to increase data
rates by orders of magnitude, and to increase energy and spatial resolution. With the
development of fourth-generation x-ray sources with femtosecond pulse durations, there
will be a need for detectors with sub-picosecond time resolution. Therefore, grant
applications are sought to develop new detectors for synchrotron radiation science across
a broad range of applications. Areas of interest include: (1) area detectors for diffraction
experiments; (2) area detectors for readout of electron and ion signals; (3) detectors
capable of ultra-high temporal resolution; (4) high resolution and/or high frame rate
imaging detectors; (5) detectors for high rate fluorescence spectroscopy; and (6) detectors
for high energy fluorescence spectroscopy.

Questions — contact Roger Klaftky (Roger.Klaffky@science.doe.gov)

b. Beam Diagnostic Instrumentation for Free Electron Lasers and 3" Generation
Light Sources—Advanced electron-beam diagnostic instruments are needed to support
the development of X-ray Free Electron Lasers (FEL), as well as the operation and
upgrade of 3rd generation light sources. Grant applications are sought to develop monitors
for beam position and electron bunch length. The beam position monitor should have
nanometer resolution and associated electronics for both linac and storage ring
applications. The electron beam bunch length monitor should perform non-destructive
measurements, be capable of single-bunch resolution better than 100 fs, and possess a
system design that is relevant for the bunch parameters of the future X-ray FEL and 31
generation light sources.

Grant applications also are sought to develop diagnostic devices for the non-destructive
measurement of electron beam emittance and for the energy spread within electron
bunches. For FEL applications, measurements of electron bunch properties require
resolution on the order of 10 um, so that the so-called “slice” properties can be
determined with sufficient accuracy. Both the beam emittance and the energy spread of



the beam are critical parameters in FELs, and the measurement techniques must allow for
rapid and noninvasive tuning, as well as for the implementation of feedback systems for
systems optimization. Approaches of interest include optical techniques that employ
transition radiation or synchrotron radiation. The diagnostics should be small (< 1 m
length scale) and suitable for integration into an operational light source.

Grant applications also are sought to develop diagnostics for the measurement of charge
modulation within an electron bunch at optical wavelengths in the regime 50-1000 nm.
Seeded FELs utilize an inverse FEL scheme to first introduce an energy modulation into
an electron bunch; then a dispersive transport region converts the energy modulation into
a charge density modulation along the electron bunch. The charge density is modulated
with the same period as the laser, i.e., in the wavelength regime 50-1000 nm.

Finally, grant applications are sought to develop a diagnostic technique for the dynamic
measurement of the transverse position of the centroid of an electron bunch, as a function
of position along that bunch. The transverse wakefields in a linac may introduce the so-
called “banana shape” beam as a result of the beam-breakup instability, in which
deflecting wakefields introduce a transverse spatial offset in the electron distribution
along a bunch. Proposed diagnostics must be able to measure this effect with spatial
resolution on the order of 1 um, and with temporal resolution (along the bunch) of 10-100
fs, in bunches of peak current 10-500 A.

Questions — contact Roger Klaftky (Roger.Klaftky@science.doe.gov)

c. High Power Mercury Spallation Targets—Technology is needed to mitigate
cavitation damage erosion (CDE) in short-pulse liquid-mercury spallation targets. CDE
has the potential to limit the power capacity and lifetime of targets. Damage has been
observed inside test target vessels irradiated with small numbers of intense proton beam
pulses; also, this damage has been studied at length in out-of-beam experiments that
mimic the driving mechanism of cavitation. The damage is caused by intense and abrupt
pressure waves that are induced by the near-instantaneous heating of the mercury by the
proton beam. Although certain surface hardening processes have shown promise in
resisting damage, their potential to greatly enhance power capacity is believed to be
limited. Therefore, grant applications are sought to develop:

e Small gas bubbles to reduce beam-induced pressure. A population of small gas
bubbles introduced in the mercury could absorb and attenuate the beam-induced
pressure sufficiently to halt the driving mechanism for cavitation. The desired
bubble size is approximately 10 um in diameter and the required void fraction
approaches 1%. Grant applications are sought to develop: (1) techniques for
generating this population of bubbles in mercury; and (2) credible diagnostics to
quantify the generated population.

e Protective gas layers. Mercury, with its highly non-wetting characteristic and
high surface tension is well suited to the formation and stabilization of large gas
pockets. Therefore, one promising option for damage mitigation involves the



creation of an interstitial gas layer between the liquid metal and the containment
vessel wall.

e Innovative gas/liquid flow concepts for utilizing gas layers to protect pressure-
vessel surfaces from damage due to the cavitation of flowing mercury.
Approaches of interest include: (1) the use of radiation-hard solid materials, such
as metallic porous media or screens, as separate structures that are not part of the
pressure boundary; (2) extensive surface modifications, such as grooves or cross-
hatching to increase surface area; or (3) other geometries designed to trap gas
permanently at the desired location. Because the most vulnerable pressure
boundary surfaces in the SNS target are vertical, proposed solutions must address
the problem of blanketing (protecting) vertical surfaces, where the hydrostatic
gradient tends to force the gas to rise.

e Alternative and innovative concepts for damage mitigation, aside from small gas
bubbles or protective gas walls. Grant applications must demonstrate an
awareness of spallation target design and environmental requirements, with
respect to high radiation and mercury compatibility.

Questions — contact Roger Klaftky (Roger.Klaffky@science.doe.gov)

d. Instrumentation for Ultrafast X-ray Science—The Department of Energy seeks to
advance ultrafast science dealing with physical phenomena that occur in the range of one-
trillionth of a second (one picosecond) to less than one-quadrillionth of a second (one
femtosecond). The physical phenomena motivating this subtopic include the direct
observation of the formation and breaking of chemical bonds, and structural
rearrangements in both isolated molecules and the condensed phase. These phenomena
are typically probed using extremely short pulses of laser light. Ultrafast technology also
would be applicable in other fields, including atomic and molecular physics, chemistry
and chemical biology, coherent control of chemical reactions, materials sciences,
magnetic- and electric field phenomena, optics, and laser engineering.

Grant applications are sought to develop and improve laser-driven, table-top x-ray
sources and critical component technologies suitable for ultrafast characterization of
transient structures of energized molecules undergoing dissociation, isomerization, or
intramolecular energy redistribution. The x-ray sources may be based on, for example,
high-harmonic generation to create bursts of x-rays on subfemtosecond time scales, laser-
driven Thomson scattering and betatron emission, and laser-driven K-shell emission.
Approaches of interest include: (1) high-average-power ultrafast sources that achieve the
state-of-the-art in short-pulse duration, phase stabilization and coherence, and high duty
cycle; (2) driving lasers that operate at wavelengths longer than typical in current CPA
titanium sapphire laser systems; and (3) characterization and control technologies capable
of measuring and controlling the intensity, temporal, spectral, and phase characteristics of
these ultrashort x-ray pulses.

Questions — contact Michael Casassa (Michael.Casassa@science.doe.gov)



Subtopic a References:

1. Thompson, A., et al., “A Program in Detector Development for the U.S. Synchrotron
Radiation Community,” White paper based on Workshop in Washington, DC, October
30-31, 2000. (Full text available at: http://www.osti.gov/bridge/servlets/purl/787153-
XUP8Mj/native/787153.PDF

2. “PSD6-The Sixth International Conference on Position Sensitive Detectors,” Leicester,
UK, September 9-13, 2002, Nuclear Instruments & Methods in Physics Research,
Section A—Accelerators, Spectrometers, Detectors and Associated Equipment,
477(1-3), January 21, 2002. (ISSN: 0168-9002) (Abstracts of papers and ordering
information available at: http://www.sciencedirect.com/ Conference Programme
available at http://www.src.le.ac.uk/psd6conference2002/)

3. Warwick, T, et al, eds., “Synchrotron Radiation Instrumentation: Eighth International
Conference on Synchrotron Radiation Instrumentation,” San Francisco, CA, August
25-29, 2003, American Institute of Physics, 2004. (AIP Conference Proceedings No.
705) (ISBN: 0-7354-01802) (Abstracts of papers and ordering information are
available at: American Institute of Physics Conference Proceedings sub-series:
Accelerators, Beams, Instrumentation at:
http://scitation.aip.org/proceedings/confproceed/705.jsp

4. European Synchrotron Radiation Facility (ESRF) Workshop on “New Science with
New Detectors,” Grenoble, France, February 9-10, 2005. (Abstracts and presentation
slides available at: http://www.esrf.eu/events/conferences/past-conferences-and-
workshops/NewDetectors/)

5. ESRF Seventh International Workshop on “Radiation-Imaging Detectors (IWORID
7),” Grenoble, France, July 4-7, 2005. (Workshop Final Programme (with abstracts)

currently available at: http://www.esrf.eu/events/conferences/past-conferences-and-
workshops/IWORID7/)

6. Proceedings of the SPIE (International Society for Optical Engineering): “Optics and
Photonics 2005: Ultrafast X-ray Detectors and Applications II,” San Diego, CA, July
31- August 4, 2005, Vol. 5920, Bellingham, WA: SPIE, 2005. (ISBN: 08194-59259)
(Table of Contents available at: http://spie.org/app/Publications/ Search by Volume
number.)

Subtopic b References:

1. Fiorito, R. B., “Optical Diffraction-Transition Radiation Interferometry Beam
Divergence Diagnostics,” Presented at the 12th Beam Instrumentation Workshop,
Batavia, IL, May 1- 4, 2006. (Presentation slides available at:
http://conferences.fnal.gov/biw06/tuesday_talks/TAMCO101 _talk.ppt)
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2. Roehrs, M., et al., “Time-Resolved Measurements Using a Transversely Deflecting
RF-Structure,” Presented at 37th ICFA Advanced Beam Dynamics Workshop on
Future Light Sources, Hamburg, Germany, May 15-19, 2006 . (Abstract available at:
http://adweb.desy.de/mpy/FL.S2006/abstract _booklet.pdf Scroll down to title.)

3. Loos, H., “Instrumentation for Linac-Based X-ray FELs,” Presented at the 12th Beam
Instrumentation Workshop, Batavia , IL , May 1-4, 2006. (Presentation slides
available at: http://conferences.fnal.gov/biw06/wednesday_talks/'WAMI0202 talk.ppt)

4. Schmiiser, P., et al., “Single-Shot Longitudinal Diagnostics with THz Radiation,”
Presented at 37th ICFA Advanced Beam Dynamics Workshop on Future Light
Sources, Hamburg, Germany, May 15-19, 2006. (Full text available at:
http://adweb.desy.de/mpy/FLS2006/proceedings/PAPERS/WG512.PDF)

5. Beutner, B., et al., “Beam Dynamics Experiments and Analysis in FLASH on CSR and
Space Charge Effects,” Presented at 37th ICFA Advanced Beam Dynamics Workshop
on Future Light Sources, Hamburg, Germany, May 15-19, 2006. (Abstract and
presentation slides available at:
http://adweb.desy.de/mpy/FLS2006/proceedings/ HTML/AUTHO0055.HTM)

6. Smith, G. and Russo, T., “Proceedings of 10th Beam Instrumentation Workshop (BIW
2002),” Upton, New York, May 2002, American Institute of Physics (AIP), 2002.
(ISBN: 0-7354-01039) (AIP conference Proceedings 648) (Table of contents and
ordering information available at:
http://proceedings.aip.org/proceedings/confproceed/648.isp)
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69, 2005. (ISSN: 0022-3115)
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4. Wendel, M. W., et al., “Experiments and Simulations with Large Gas Bubbles in
Mercury Towards Establishing a Gas Layer to Mitigate Cavitation Damage,”
Proceedings of FEDSM-2006: 2006 ASME Joint U.S. European Fluids Engineering
Summer Meeting, Miami, Florida, July 17-20, 2006. (Paper No. FEDSM2006-98222)
(Abstract and ordering information available at:
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Fname=&product%5Fid=FEDSM2006%2D98222. Click on title at 2nd bullet. Search
for 98222.)
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Basic Energy Sciences Advisory Council, US Department of Energy, December,
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Science, 2007. (Full text available at: http://www.nap.edu/catalog/11705.html)
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http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1007 &context=physicsum
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2. RADIO FREQUENCY (RF) DEVICES AND COMPONENTS FOR
ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible
for current and future synchrotron radiation light source, free electron lasers, and
spallation neutron source user facilities. This topic seeks the development of radio
frequency devices and components to support these user facilities. Grant applications
are sought only in the following subtopics.

a. Power Devices and Components for High Level Radio Frequency (RF)
Accelerator Systems—Grant applications are sought to develop higher order mode
(HOM) inductive output tube (IOT) continuous wave (CW) amplifiers at 350 MHz
(tunable over a reasonable range would be desirable) at two power levels: | MW CW
(applicable to the case where one amplifier drives several cavities) and 200 kW CW (in
the case where each cavity has its own amplifier). Such a device could provide lower
operating voltage, smaller size, and lower operating cost (approximately 15-20% higher
efficiency over current klystrons). The potential energy cost savings with an IOT that
could operate at ~70% efficiency (television IOTs approach that now with depressed
collectors) would be significant. Making the IOTs tunable over a reasonable range also
would be a desirable feature.

Grant applications also are sought to develop (1) pulsed inductive output tube (I0T)
amplifier at 402.5 MHz, 140 kW, 10% duty factor for low-energy bunching application
for high power H-/proton beams; (2) higher power Insulated Gate Bipolar Transistor
(IGBT) technology. IGBTs with > 6000Volts, >2000Amps are required for development
of high power modulators and power supplies; (3) a high-efficiency-switching high-
voltage power supply for next generation RF accelerator systems, which will need
cleaner HV DC power on RF amplifier devices, in order to create less phase and
amplitude jitter on the RF output (regulation of line power ripple must be achieved at the
0.5% level); (4) a 2.815GHz CW klystron (~100kW), possibly with two output windows,
that would be suitable for a superconducting (SC) rf cavity; (5)a moderate power (10-
50kW CW) tetrode cavity, tunable from 340-360MHz (or possibly more) — such a cavity
would make tetrodes or diacrodes competitive for sockets in SC cavity applications; (6) a
very high power (100-400 kW) 350-500 MHz solid state power amplifier to replace
klystron amplifiers in synchrotron light sources; (7) a variable input coupler for normal
conducting (NC) and superconducting (SC) RF cavities — approaches must demonstrate a
significant increase in mechanical complexity compared with fixed coupler designs, and
provide for adjustments of the input coupler beta in situ, in order to optimize the RF
system efficiency; (8) a high power fundamental power coupler (FPC) for ERL injector
cavities with the following specifications: 1408 MHz operating frequency, average RF
power up to 200 kW in traveling waver (TW) mode, nominal external Q of 5 x 10*, and
factor-of-10 variable coupling with minimum transverse kick to the beam; and (9) an
adjustable 20-way 40 kW CW power combiner operating at 352 MHz..

Questions - contact Roger Klaffky (roger.klaftky@science.doe.gov)
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b. Modulators for High Level Radio Frequency (RF) Accelerator Systems—Grant
applications are sought to develop a high-level amplitude and phase modulator (in either
waveguide or coaxial topology) that can demonstrate modulation ability out to 20 kHz.
Significant cost savings could be achieved if one klystron were used to drive multiple
accelerating cavities, while retaining phase and amplitude control at the individual cavity
level. Grant applications also are sought to develop (1) a 1IKHz. 300 kV, 300A solid-
state modulator for production of picosecond X-ray pulses using RF deflecting cavities;
and (2) a robust, high-average-power (200kW) 1kHz modulator system that operates at
about 300 kV, 300 A with ultimate rep rate at 1kHz or higher.

Questions - contact Roger Klaffky (roger.klaffky@science.doe.gov

c. Low Level Radio Frequency (LLRF) Accelerator Systems—Grant applications are
sought to develop an RF phase detector that can provide accurate measurements of phase
jitter down to 0.01°, which is needed at several accelerator facilities (e.g., the Linear
Coherent Light Source and for future ultra short x-ray capabilities at the Advanced
Photon Source) and can provide an independent accurate measurement of the LLRF
control performance. When the accelerator beam itself is used to determine RF system
performance, facility commissioning is difficult.

Grant applications also are sought to develop digital, low-level RF systems to control the
phase and amplitude of superconducting RF cavities operating at 476 MHz, with loaded
Q-values in the range of 10°. Of particular interest are systems capable of phase control.

Finally, grant applications are sought to develop a user-friendly, multi-channel "all in
one" time-stamp diagnostic instrument that can accept baseband RF signals out to 3 GHz,
as well as DC signals, for analysis of RF accelerator system fault events. Accurate and
timely fault analysis is necessary for present and future user facilities to operate at a very
high level of reliability, and an "all-in-one" box would be more efficient than using
several individual scopes.

Questions - contact Roger Klaftky (roger.klaffky@science.doe.gov)

d. Devices for the Manipulation of Electron Beams—Grant applications also are
sought to develop devices for the manipulation of electron beams in storage rings and
linear accelerators. Such devices are used to facilitate deflection of the beam onto a
predicted trajectory or to generate a time-space correlation in the beam. For example,
electromagnetic (RF) cavities operating in a dipole mode could introduce a transverse
kick to an electron bunch as a whole or provide a “head-tail” displacement within the
bunch. Such cavities would need to provide deflecting kick voltages up 10 MV, with
phase error < 0.01° and amplitude error <10, with parasitic modes damped to Q-values
<1000 and with minimal short-range wakefields.

Questions - contact Roger Klaftky (roger.klaffky@science.doe.gov)
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Subtopic a References:
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Laboratory, Argonne, IL, May 1-4, 2006 . (Abstracts and presentation slides available
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1. Proceedings of Fourth CW and High Average Power RF Workshop, Argonne National
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on author index. Click on titles next to authors’ names to view abstracts. For slides,
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3. Simulation and analysis of using deflecting cavities to produce short x-ray pulses
with the Advanced Photon Source, M. Borland, PRST-AB 8, 074001 (2005)
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3. ADVANCED SOURCES FOR ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible
for current and future synchrotron radiation light source, free electron laser, and
spallation neutron source user facilities. This topic seeks the development of technology
to support the particle and radiation sources needed for these user facilities. Grant
applications are sought only in the following subtopics.

a. Electron Gun Technology—Grant applications are sought to develop novel electron
gun features including:

(1) Robust cathode materials suitable for production of low emittance electron
bunches at high repetition rate using laser excitation. Intrinsic normalized
emittance of the electron beam must be of order 10-7 m-rad, in bunches of order
100 pC charge, duration of approximately 10 ps, and with quantum efficiency of
10-2 or greater. Materials should be robust to environmental conditions, have
small dark current under applied electric fields of order 10-100 MVm-1, and have
long lifetime.

(2) Accelerating structures supporting electric fields of 10-100 MVm.-1 at a cathode
surface, allowing laser excitation of the cathode material and rapid acceleration of
the emitted electrons with minimal emittance growth, and having an electron
bunch repetition rate of 1 MHz or greater. Combined with suitable cathode
materials and a photocathode laser, the system should be capable of producing
low emittance (less than 1 mm-mrad normalized) electron bunches at a minimum
1 MHz repetition rate, with up to 1 nC charge per bunch.

Questions - contact Roger Klaffky (roger.klaffky@science.doe.gov)

b. High Brightness Sources of Negative Hydrogen lons—Grant applications are sought
to develop high-current, high brightness sources of negative hydrogen ions. The goal is

the production of ~70 mA of H- with a normalized emittance of 0.2 = mm-mrad, or about

100 mA, with a normalized emittance of 0.35 1 mm-mrad. These currents and emittances
have to be achieved for 1 ms long pulses at 60 Hz. The current should remain constant
within ~5%. The lifetime as well as the meantime-between-failure should exceed several
weeks. Of special interests are highly efficient ionization technologies that can produce
such beams with moderate power levels (< 40 kW peak power).

Questions - contact Roger Klaftky (roger.klaffky@science.doe.gov)

c¢. Undulator Radiation Sources—Advanced undulator radiation sources are required

for current and future light sources. Grant applications are sought for the development
of:

(1) Superconducting undulators (SCUs) that can generate tunable, monochromatic x-
ray beams in the 2-30 keV photon energy range from medium-energy (2-3 GeV)
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synchrotrons. These requirements demand that the undulators have a short period
(around 1.5 cm) and high peak magnetic fields (around 1.6 tesla). The permanent-
magnets commonly used in undulators do not produce sufficiently high magnetic
fields to fully cover the desired photon energy range without gaps in the spectrum.
Development efforts are underway at several National Laboratories and in
industry to develop SCUs that promise to overcome these deficiencies. However,
current designs suffer from an inability to operate without quenching in the
presence of the heat induced by the stored electron beam current and by
synchrotron radiation encountered in modern synchrotron light sources. This heat
load can be up to 10 watts per meter of undulator length. Novel ideas for SCU
design, construction, and thermal management are needed to meet these
challenging requirements.

(2) Cryogenically-Cooled Permanent Magnet Undulators (CPMUs). When permanent
magnet materials are cooled to low temperatures they exhibit a larger coercivity
(5-10%) for convenetional materials like NdFeB or CoSm, and up to 20% for
more exotic materials. To make use of this effect, undulators must be cooled to
cryogenic termperatures and in the cooled down stage, magnetic measurements
and adjustments of the PM must be .performed. This requires a complex design.

(3) High coercivity permanent magnet materials for CPMUs. To take full advantage
of CPMUs sintering and manufacturing procedures need to be developed for
permanent magnet material like PrFeB, which exhibits large increases in
coercivity at cryogenic temperatures.

(4) New superconducting materials for undulator applications. Three types of
materials promise a considerable enhancement of undulator performance:

e High temperature superconducting materials such as YBCO which operate at
about 90K would allow current densities up 100kA/mm”2. The challenge here
is to optimize the conductor design to maximize the current density and the
transport current. A next step would lead to the development of the coil
manufacturing techniques based on such materials.

e Thin film high temperature superconducting materials such as MgB2 which
are operated at ~39K may become a good material for undulator magnets as
the mechanical properties will be determined by the substrate material. The
issue is the production of the thin films and the choice of optimum substrate
materials.

e APC (artificially enhanced pinning center) NbTi Superconductor which would
allow super-high current densities exceeding the Jc of conventional NbTi
superconductor by a large factor (14 kA/mm’* @ 2 T). The high current
density might offer in particular an advantage for design magnet coils for
undulator magnets.



(5) Undulators with period < 1 cm. The resonant condition for undulator radiation at
short wavelength (approximately 1 nm), with low energy electron beams (of 1-2
GeV), requires undulators with period that is shorter than generally available on
existing synchrotron radiation sources. Undulator designs are sought with K-value
~1, impedance shielding of pole faces, and a gap of greater than 2.25 mm.

Questions - contact Roger Klaffky (roger.klaftky@science.doe.gov)
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4. ANCILLARY TECHNOLOGIES FOR ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible
for current and future synchrotron radiation light source, free electron laser, and
spallation neutron source user facilities. This topic seeks the development of
computational, control, and superconducting technologies to support these user facilities.
Grant applications are sought only in the following subtopics.

a. Accelerator Modeling and Control—Grant applications are sought to develop new or
improved computational tools for the design, study, or operation of charged particle
beams. Of particular interest is the development of a front-end design for user-friendly
interfaces. The modeling challenges addressed must be relevant to present and future
BES accelerator facilities. These challenges include, but are not limited to, beam halo
generation and control; generation and synchronization of sub-ps x-ray pulses; wakefield
computation; multiple and single bunch collective instabilities; electron cloud generation
and effects, especially in high intensity proton rings; and high-intensity operation (beam
losses, thermal effects, etc.)

Grant applications also are sought to investigate and develop enhancements to the suite of
tools in the Experimental Physics and Industrial Control System (EPICS), in order to
better support existing facilities and meet the requirements of future machines. Areas of
interest include, but are not limited to, high-availability alternative-communication
protocols; enhanced functionality within the Input-Output Controller; highly integrated
development environments; and ensuring scalability to very large installations (such as
the International Linear Collider). Grant applications should address how the results will
guide long-term EPICS development.

As the time scale of interest in modern accelerators is reduced, the required
computational resources are becoming prohibitive for currently-available low-order
electromagnetic codes; for example, the estimated memory requirement for modeling a
typical accelerator structure interacting with a 1-ps bunch is 1 TB. Such an extreme
computation is intractable for most accelerator laboratories. Therefore, in order to break
the computational bottleneck, grant applications are sought to develop computational
electromagnetic codes with high-order accuracy.

Finally, grant applications are sought to develop large-scale timing and synchronization
systems for next generation light sources, with timing stability requirements extending
from ~100 fs to 1 femtosecond or less. For example, these requirements include the need
to enable the synchronization of multiple radio frequency components and laser systems,
over distances of the scale of km, in advanced accelerators and free electron lasers. This
precision in timing must be maintained over periods of time on the order of 24 hours.

Questions - contact Roger Klaffky (roger.klaftky@science.doe.gov)
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b. Superconducting Technology for Accelerators—Superconducting HOM-damped
(higher-order-mode-damped) RF systems are needed for present and future storage ring
and linac applications. Grant applications are sought to develop:

(1) A high gradient (15-50 MVm™") 750MHz superconducting cavity for linac-driven
synchrotron radiation sources. The cavity should operate in CW mode with high
efficiency of wall-plug-to-beam-power conversion. Systems should be capable of
supporting a beam current up to 500 mA, with parasitic mode Q-values below
1000, and minimal short-range wakefields.

(2) A 1500 MHz passive superconducting Landau cavity for storage-ring bunch
lengthening.

(3) A superconducting RF power coupler capable of handling 500 kW CW RF power.

Questions - contact Roger Klaftky (roger.klaffky@science.doe.gov)

c. Cooling of Superconducting Systems—A fundamental conceptual issue has arisen
concerning the cooling of superconducting linacs during high-power pulsed operation.
At fast pulse (1 ms), high-average forward-power levels (~ 75 kW), excessive thermal
radiation loads from the fundamental couplers result in high couple surface temperatures,
which reduce cavity stability and operating accelerating gradients. Therefore, grant
applications are sought to develop innovative cooling concepts for fundamental power
couplers, which do not impact the performance of the associated superconducting
cavities.

In addition, with the successful implementation of superconducting radiofrequency
accelerating structures at facilities in all regions of the world, additional emphasis is
being placed on reducing superconducting radiofrequency (SRF) cryomodule costs and
improving manufacturing quality. Therefore, grant applications are sought for innovative
concepts and design approaches to the manufacture of cryomodule assemblies containing
multiple-processed SRF cavities. Approaches of interest include new cavity cooling and
support systems, reliable cavity tuners and tuner components, and less expensive
fundamental couple assemblies.

Questions - contact Roger Klaffky (roger.klaffky@science.doe.gov)

d. Advanced Laser Systems for Accelerator Applications—Advanced laser systems
are needed for photoinjectors, for Free-Electron Laser Seeding or for current-enhanced
self-amplified spontaneous emission (ESASE), for laser-ion stripping of hydrogen beams,
and for laser wire beam profile measurements in proton particle accelerators. Grant
applications are sought for the development of:

(1) High power laser oscillator systems for high repetition rate (1-100 MHz) electron
guns that can deliver pulses of 10-100 pJ energy in the 1 um wavelength range,
with pulses capable of being expanded to10-50 ps duration.
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(2) Laser pulse shaping systems that can modify the laser pulse in 3D, in order to
minimize the emittance growth due to space charge effect in a photoinjector.
Approaches of interest can include pulse stacking, laser phase modulation, and
others. In general, the pulse should have a homogeneous intensity distribution
(10% modulation) confined in a sharp boundary in 3D, with either a cylindrical or
ellipsoidal geometry.

(3) A mid-IR, carrier envelope phase (CEP) stabilized laser with tens of mJs of
energy and a few carrier cycles within a FWHM of 10-50 fs.

(4) A mid-IR (2.0 micron) laser for E-SASE, with a pulse under 100fs, possibly
CEP-stabilized in the few mJ energy range.

(5) Tunable lasers to be used as seeds for free electron lasers (FELs). The central
wavelength should be within the range of 10-50 nm, and continuously tunable
within a 20% or greater band within that wavelength range. Pulse duration should
be adjustable and on order of 100 fs. Peak power within the pulse should be on
order of 100 kW. Optical pulses should be reproducible on a shot-to-shot basis,
with good temporal coherence within the pulse, good beam quality (M?<1.3), and
a repetition rate of 100 kHz or greater.

(6) Lasers for laser-ion stripping of hydrogen beams with the following features:
high repetition rate (~400 MHz), high peak power (~1MW), picosecond 355 nm
pulses to match the SNS linac in-beam structure (50 ps long micropulses separated
by 2.5 ns and gated into minpulses of 650 ns repeating at 1.058 MHz and bunched
into 1 ms macropulses).

(7) Laser power-recycling cavity at 355 nm to reduce average laser power
requirements for ion stripping. Important design criteria include compactness,
length to match bunch repetition rate and stabilized to small fraction of
wavelength, protection of mirrors from electron and gamma radiation, and in
vacuum design.

(8) Lasers for laser-wire-beam profile measurements with the following
specifications:

pulse energy of 100 mJ at 1064 nm;

repetition rates of 30 or 60 Hz with external trigger;

compact laser head with dimension of about 6°x3”x3”;

no chilled water required,

power supply remotely controllable through Ethernet cables; and
radiation resistance for doses greated than 10° rads.



Based on previous experiments, key components in the radiation-resistant laser
system are the YAG crystal, fold prism, cube polarized in the laser head, and IC
chips in the laser controller unit.

Questions - contact Roger Klaffky (roger.klaftky@science.doe.gov)
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5.

INSTRUMENTATION FOR ELECTRON MICROSCOPY AND SCANNING

PROBE MICROSCOPY

The Department of Energy supports research and facilities in electron and scanning probe
microscopy for the characterization of materials. Innovative instrumentation
developments offer the promise of radically improving these capabilities, thereby
stimulating new innovations in materials science. Grant applications must address
improvement in electron beam or scanning probe instrumentation capabilities beyond the
present state-of-the-art. Grant applications are sought only in the following
subtopics:

a. Electron Microscopy and Microcharacterization—The Department of Energy
supports electron beam microcharacterization of materials as a core research area.
Electron microscopy and microcharacterization capabilities are important in the materials
and biological sciences and are used in numerous research projects funded by the
Department. To support this research, grant applications are sought to develop:

Stages and holders that provide new capabilities for in Situ transmission electron
microscopy experiments in liquid and/or gaseous environments. Approaches of
interest should provide a capability to (1) reach 80 Torr or higher during
operation, and (2) apply or measure at least two separate signals, such as current
and voltage.

New electron sources that can operate from pulsed modes to femtosecond
frequencies. Of particular interest are laser-assisted field emission guns for
application to pulsed mode operation in Transmission Electron Microscopy
(TEM) mode.

Improved electron detectors suitable for 100-400kV electrons. Grant applications
must focus on parallel imaging devices for conventional or scanning transmission
electron microscopy. At least one of the following three aspects must be
addressed: high quantum efficiency, high spatial resolution, and high temporal
resolution. Proposed detectors must be robust and not susceptible to electron
beam damage.

Systems for automated data collection, processing, and quantification.
Approaches of interest should include (1) hardware and platform-independent
software for data collection and visualization, (2) automated measurement and
mapping of crystallography, internal magnetic or electric field, or strain, and (3)
multi-spectral analysis. Software and quantification routines for image
reconstruction and for interpretation of interference patterns/holography are
encouraged.

b. Scanning Probe Microscopy (SPM)—The enabling feature of nanoscience, as
recognized in workshop reports sponsored by National Nanotechnology Initiative and by
the Department of Energy, is the capability to image, manipulate, and control matter and



energy on nanometer, molecular, and ultimately atomic scales. Scanning probe
microscopy is vital to the advancement of nanoscience and nanotechnology, and is used
in numerous materials research projects and facilities funded by the Department. Grant
applications are sought to develop:

New generations of functional SPM probes, sample holders/cells (including
electrochemical and photoelectrochemical cells), and controller/software support
for ultrafast, environmental and functional detection. Areas of interest include:
(1) insulated and shielded probes for high-resolution electrical imaging in
conductive solutions; (2) probes integrated with electro-optical switches for
ultrafast imaging; and (3) probes integrated with electrical, thermal, and magnetic
field sensors — including field effect transistors, single electron transistors,
microwave probes, and Hall probes for probing dynamic electrical and magnetic
phenomena in the 10 MHz - 100 GHz regime. Probes and probe/holder
assemblies should be compatible with existing commercial hardware platforms, or
bundled with adaptation kits. Complementary to this effort is the development of
reliable hardware, software, and calibration methods for the vertical, lateral, and
longitudinal spring constants of the levers, sensitivities, and frequency-dependent
transfer functions of the probes.

A new generation of optical and other cantilever detectors for beam-deflection-
based force microscopies. Areas of interest include: (1) low-noise laser sources
and detectors approaching the thermomechanical noise limit, (2) high bandwidth
optical detectors operating in the 10-100 MHz regime, and (3) small-spot (sub-3
micron) laser sources for video-rate Atomic Force Microscopy (AFM)
measurements. Piezoresistive detector demonstrating improved signal to noise
are also of interest.

Systems for next-generation controllers and stand-alone modules for data
acquisition and analysis. Areas of interest include: (1) multiple-frequency and
fast detection schemes for mapping energy dissipation, as well as mechanical and
other functional properties; (2) active control of tip trajectory, grid, and spectral
acquisition; and (3) single event detection in molecular systems. Proposed
systems should include provisions for rapid data collection (beyond the ~1kHz
bandwidth of feedback/image acquisition of a standard SPM), processing, and
quantification; and hardware and platform-independent software for data
collection and visualization, including multispectral and multidimensional image
analysis (i.e., for force volume imaging or other spectroscopic imaging techniques
generating 3D or 4D data arrays). For rapid data acquisition systems, software
and data processing algorithms for data interpretation are strongly encouraged.

Environmental SPM systems operating in the 10 Torr - 1 atm pressure range,
supporting existing topographic, electrical, magnetic, mechanical, piezoelectric,
and other imaging modes.

Questions - contact Jane Zhu (Jane.Zhu@science.doe.gov)
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6. INSTRUMENTATION FOR MATERIALS RESEARCH USING
SYNCHROTRON RADIATION

The Department of Energy supports X-ray scattering and spectroscopy facilities at
synchrotron radiation sources where users conduct state-of-the-art materials research.
Their experiments are enabled by the convergence of a range of instrumentation
technologies. This topic seeks to develop advanced instrumentation that will enhance
materials research employing synchrotron radiation. Grant applications should define the
instrumentation need and outline the research that will enable innovation beyond the
current state of the art. Applicants are strongly encouraged to demonstrate applicability
and proper context through collaboration with a successful user of synchrotron radiation
sources. To this end, the STTR program would be an appropriate vehicle for proposal
submission. Alternatively, applicants are encouraged to demonstrate applicability by
providing a letter of support from a successful user. Priority will be given to those grant
applications that include such collaborations or letters of support.

A successful user is defined as someone at a research institution who has recently
performed synchrotron experiments and published results in peer reviewed archival
journals. Such researchers are the early adopters of new instrumentation and are often
involved in conceptualizing, fabricating, and testing new devices. A starting point for
developing collaborations would be to examine the annual activity reports from
synchrotron radiation facilities with links at:
http://www.lightsources.org/cms/?pid=1000444

Grant applications are sought only in the following subtopics.

a. Beam Line Optics— Experiments employing synchrotron radiation are often limited
by the beam quality delivered to the research sample. Beam quality requirements depend
on specific experiments but usually involve improvements in delivered x-ray flux,
brightness, coherence, or focus size. Grant applications are sought to develop advanced
instrumentation for focusing, diffracting, or defining the X-ray source that eventually
illuminates the research sample. Areas of interest include advancements in mirrors,
monochromator crystals, zone plates, etc., in such a manner that improves the beam
quality available for materials research. Grant applications should demonstrate an
understanding of the state of the art and detail what new types of materials experiments
will be enabled by proposed improvements if successfully realized. Grant applications
must demonstrate that proposed components and instruments will be able to handle the
heating loads from intense x-ray beams, and meet the necessary stability requirements
with respect to motion control and vibration isolation.

Questions — contact Lane Wilson at: (lane.wilson@science.doe.gov)

b. Control of Sample Environment—Experiments involving x-rays as a probe have the
advantage of being able to penetrate a sample environment and retrieve information from
samples that are maintained in realistic environmental conditions. However, the
interaction of the x-rays with the environmental container and sample manipulation
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devices must be controlled to minimize absorption and background scattering. The
position of the input and exit beam relative to each other and to the orientation of the
sample often also must be carefully controlled. Grant applications are sought to develop
technology for sample manipulation, in order to provide for the in situ control of
environmental parameters. These parameters may include extreme temperatures and
pressures, and chemical exposure. Sample manipulation systems of interest should
include containers, motion stages, and windows, all compatible with the necessary data
collection techniques of an envisioned materials research experiment.

Questions — contact Lane Wilson at: (lane.wilson@science.doe.gov)

c. Detectors—Scattering and spectroscopic data collection involves x-ray detectors that
have advanced spatial, energy, and/or time resolution capabilities. The ability to
complete a materials research experiment in a reasonable amount of time is often limited
by the x-ray detection capability as much as by the quality of the x-ray source. Rapid
coverage of the experimental phase space is desired, and multi-element detectors and
detector arrays are often employed towards this end. As a result of improvements in x-
ray fluxes, detectors often must be able to handle high count rates and large dynamic
ranges. Grant applications are sought to advance the state of the art for x-ray detectors.
Improvement in the quality and affordability of such detectors is an example of an
appropriate area for proposed research. Because detector needs are defined by the needs
of a materials experiment, grant applications must detail what new types of materials
experiments will be enabled by the proposed improvement, if successfully realized.
Although improvements may be incremental, such improvements often generate new
opportunities, as rate limiting features move from one item of a beam line system to
another.

Questions — contact Lane Wilson at: (lane.wilson@science.doe.gov)

References
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7. ADVANCED COAL RESEARCH

For the foreseeable future, the energy needed to sustain economic growth will continue to
come largely from hydrocarbon fuels. However, in supplying this energy need, the
Nation must address growing global and regional environmental concerns, supply issues,
and energy prices. Maintaining low-cost energy in the face of growing demand,
diminishing supply, and increasing environmental pressure requires new technologies and
diversified energy supplies. These technologies must allow the Nation to use all of its
indigenous resources more wisely, cleanly, and efficiently. These resources include the
Nation’s most abundant and lowest cost resource, coal. Grant applications are sought
only in the following subtopics.

a. Carbon Dioxide (CO,) Utilization—Ultilization of carbon dioxide (CO) has become
an important global issue due to the significant and continuous rise in atmospheric CO,
concentrations, accelerated growth in the worldwide consumption of carbon-based
energy, depletion of carbon-based energy resources, and the low efficiency in current
energy systems. Barriers to increased CO; utilization include: (1) the costs of CO;
capture, separation, purification, and transportation to the user site; (2) the energy
requirement for CO, chemical conversion; (3) market size limitations, causing little
incentive for investment and a lack of industrial commitment for enhancing CO,-based
chemicals; and (4) the lack of socio-economical driving forces. Therefore, grant
applications are sought to develop novel and advanced concepts for capture, reuse, and
storage of CO, from energy production and utilization systems, based on advanced
catalysts for CO, or CO conversion. Approaches of interest include the use of CO;:

e for environmentally-benign physical and chemical processing that adds value to
the process.

e to produce industrially useful chemicals and materials that add value to the
products.

e for recycling involving renewable sources of energy.

In addition to proposing novel and innovative approaches, grant applications must show
clear economic advantages over the existing state of the art.

Questions - contact Doug Archer (douglas.archer@hg.doe.gov)

b. Development of NDE Techniques and Monitoring Methods for Continuous Plant
Assessment of Critical Components at Temperature and Pressure—Assessing the
condition and remaining life of power plant components operating at high temperatures,
high pressure, and high stress is necessary to optimize inspection and maintenance
schedules, and avoid unplanned outages. Some examples of failure mechanisms include:

e Corrosion and abrasion: for example, fluids within high-temperature high-
pressure pipelines, an integral part of fossil energy power facilities, can be
corrosive and abrasive. Corrosive media, cavitations, and erosion can lead to pipe
leakage and possible failure. Even a small leak in a pipeline could require utilities
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to shut down a facility to investigate the cause of the leakage. Unscheduled
shutdowns cost utilities millions of dollars.

e Creep: power plant components that operate at high temperatures such as boilers
headers, steam pipes, valves, and turbine casings are subject to creep failure.
Creep damage occurs in different stages, and the first sign is the formation of
microscopic cavities at grain boundaries.

e Cracking: in thermal power plants, turbine blades suffer from metal fatigue as a
result of vibration. This problem is aggravated by other mechanisms such as
creep in the case of high pressure turbines, or corrosion and embrittlement in the
case of low pressure turbines.

e Hydrogen damage: failures of waterwall tubes are generic for some condensers;
an evaluation of microfissuring would aid in identifying the presence of hydrogen
damage.

As power plants reach their designed life, utility owners are forced to make decisions on
the status of the equipment. It is essential to identify critical areas where failures may
occur and to monitor those areas using suitable nondestructive evaluation (NDE)
techniques. Therefore, innovative, low-cost NDE techniques are needed for the
continuous on-line or secure wireless monitoring of critical components. NDE
techniques of interest must be able to monitor and detect one or more of the following
modes of failure: (1) creep and rupture failures, (2) high temperature tensile failures, (3)
low cycle fatigue at elevated temperatures, (4) hot corrosion, (5) erosion corrosion, (6)
hydrogen embrittlement, (7) microscopic cavities, and (8) microfissuring.

Approaches of interest must include: (1) continuous on-line or secure wireless NDE
techniques; (2) a means for interpreting the NDE data collected, and for predicting fitness
for service and remaining lifetime of components; (3) low cost monitors, along with an
assessment of their reliability of failure detection and their ability to consistently monitor
without interfering with plant operations, and (4) an assessment of risk, safety, and
economics. In addition, grant applications must recommend at least one candidate site
for the viability of commercial-scale testing of NDE methods by industry.

Questions — contact Regis Conrad (regis.conrad@hg.doe.gov )

c. Oxygen Reduction Catalyst Development—Many high-temperature chemical and
electrochemical processes (e.g., oxygen separation membranes, solid oxide fuel cells, and
combustion emission-abatement systems) require catalysts for the efficient conversion
(“reduction”) of oxygen gas into oxygen ions. These catalysts typically are supported by
a material that has transport properties tailored to the application, although its role is
often of secondary nature. Oftentimes, an additional “promoter” catalyst is employed to
enhance the overall reaction rate by tuning the electronic structure of the primary catalyst.
In order to guide the development of efficient oxygen reduction catalysts, research is
needed to develop correlations between the electronic structure of the catalysts and the
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facility of the various reactions steps. Therefore, grant applications are sought for the
identification of semi-empirical correlations between the electronic structure of oxygen
reduction catalysts and their performance, leading to the development of active and stable
oxygen reduction catalysts. Approaches of interest should develop (1) a fundamental
understanding of how oxygen gas adsorbs, dissociates, and ultimately incorporates into
one of the solid phases (either the catalyst or the support); and (2) a strategy for the
development of suitable catalysts. Catalysts should be non-noble and appropriate for air
environments in the 650°-850°C range.

Phase I should consist of a literature review aided by theoretical and/or computational
studies, and should conclude with a comprehensive discussion regarding the promise of
various candidate catalysts. Phase II should focus on the development and optimization
of promising catalysts from Phase I, with theoretical, computational, and/or experimental
methodologies as needed.

Questions — contact Briggs White (briggs.white@netl.doe.gov)
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8. ADVANCED BATTERY ELECTRODE DEVELOPMENT

World energy consumption is projected to double within 50 years. Electrical energy
storage is increasingly being recognized as an essential element in the grid of the future.
Electrical energy storage can shave the peaks from a user or utility load profile, increase
asset utilization by improving duty factor and delaying utility upgrades, decrease fossil
fuel use for ancillary services, provide high levels of power quality, increase grid
stability, and smooth the intermittent output of renewable energy sources. At present,
utility usage of energy storage is primarily in the form of pumped hydro in the US: water
is pumped to an upper reservoir during off peak hours and on weekends and then allowed
to drain through turbines into a lower reservoir during peak hours, a basic peak-shaving
application. Distributed energy storage near load centers can reduce congestion on both
the distribution and transmission systems. Storage operating near an intermittent,
renewable wind energy source can smooth out wind variability, lessen the slope on ramp
rates, and, if of sufficient scale, can store off peak wind energy.

Batteries are beginning to be used in upgrade deferral applications. However, due to the
high maintenance required and low cycle life for lead acid batteries, utilities are
interested in finding alternate means of storing energy. The objective of this topic is to
improve the performance and manufacturability of advanced utility-scale batteries,
reduce their negative environmental effects, ameliorate safety concerns, and ensure the
cost effectiveness of these large scale solutions to electrical energy storage. For the large
systems associated with utility applications (several MWh or MW), a critical figure of
merit is normalized cost (e.g. $/kWh, $/kW), which includes maintenance and life cycle
costs as well as select environmental and safety characteristics, at least indirectly. For
many battery chemistries, the active electrode materials can figure prominently into these
considerations, not only from a raw materials cost and production standpoint but also
from a materials performance perspective. Issues such as normalized equivalent weight
and volume, improved electrochemical cycle life, and recycling opportunities, to name
just a few, should be considered. With this perspective in mind, research efforts related
to scalable chemical and electrochemical improvements to active electrode materials are
sought. Grant applications are sought only in the following subtopics.

a. Novel Electrode Materials (Non-lithium Based Chemistries)—A variety of lithium-
based battery chemistries have gained widespread and general acceptance for a number of
reasons, including their low normalized equivalent weight and volume. Besides lithium,
there are a number of other species that exhibit comparable normalized equivalent
weight/volume (e.g. Al, Mg, etc.), provided that the fundamental chemical and
electrochemical characteristics can be demonstrated. These characteristics include, for
example, their electrochemical and structural reversibility (for secondary battery
applications), stability, free energy of reaction (i.e., redox potential), safety, etc. Grant
applications are sought to explore and develop novel non-lithium electrode materials
(cathode, anode, or both), both conventional and nano-engineered, that have the potential
to meet the long term needs for large-scale battery systems.

Questions: contact Imre Gyuk (imre.gyuk@hgq.doe.gov)
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b. Hydride Storage Material for Electrodes in Aqueous Alkaline Chemistries—
Nickel-metal-hydride-based battery chemistry plays a significant role in the hybrid
electric vehicle market, clearly demonstrating several key aspects of this battery
chemistry for larger-scale application needs. Therefore, grant applications are sought to
develop novel and/or improved hydride storage materials for electrodes in alkaline
systems for large-scale battery applications. Fundamental materials properties desired for
these electrode materials include high capacity, good reversibility, stability,
electrochemical stability (resistance to oxidation), facile kinetics during both oxidation
and reduction (charge and discharge), suitable free energy of reaction (redox potential),
etc. As in subtopic a above, both conventional and nano-engineered materials are of
interest. Approaches of interest should demonstrate improved performance compared to
current state-of-the-art electrode materials (AB, and ABs).

Questions: contact Imre Gyuk (imre.gyuk@hq.doe.gov)
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9. MATERIALS FOR NUCLEAR ENERGY SYSTEMS

Nuclear power provides over 20 percent of the current U.S. electricity supply without
harmful greenhouse gases or air pollutants, including those that may cause adverse global
climate changes. The Generation IV nuclear energy initiative is an international
collaboration to identify, assess, and develop sustainable nuclear energy technologies that
are competitive in most markets, while further enhancing nuclear safety, minimizing the
nuclear waste burden, and reducing the risk of proliferation (reference 1). Many nuclear
energy systems have been proposed to advance the goals of the Generation IV program
(see references 2-5), including designs that use liquid-metal coolants such as sodium and
gas coolants such as helium. For these reactor concepts, operation at higher temperature
has been identified as a means to improve economic performance and/or to support the
thermochemical production of hydrogen. However, the move to higher operating
temperatures will require the development and qualification of advanced materials to
perform in the more challenging environment. As part of the process of developing
advanced materials for these reactor concepts, a fundamental understanding of materials
behavior must be established, and a database that defines the critical performance
limitations of these materials under irradiation must be developed. Furthermore, in situ
materials monitoring sensors that can operate in the high neutron fluence irradiation
damage environment for sodium fast reactors, and also can perform well at extreme
temperatures (> 900 C) for high-temperature gas-cooled reactors for many years, will be
needed to provide non-destructive evaluation methods for continuous or periodic
surveillance during normal plant operations and accident conditions.

In addition, to maintain the security of the nation’s 104 existing nuclear power plants,
research on materials aging and degradation is needed. The safe and reliable operation of
nuclear power plants operating in an extended lifetime will require a high degree of
confidence in the reliability of nuclear power plants systems, structures, and components.
The Light Water Reactor Sustainability Program (reference 7) seeks to develop the
fundamental scientific knowledge basis to understand and predict changes in the systems,
structures, and components and their materials as they age in a nuclear power plant
environment.

Applications that require the handling of radioactive specimens may propose to use the
Idaho National Laboratory Advanced Test Reactor National Scientific User Facility and
its hot cells, or the Oak Ridge National Laboratory High Flux Isotope Reactor and its
radiological examination facilities. Hot cell facilities at Argonne National Laboratory,
Pacific Northwest National Laboratory, and Los Alamos National Laboratory also may
be considered. Grant applications are sought only in the following subtopics.

a. Advanced Radiation Resistant Ferritic-Martensitic Alloys and Oxide Dispersion
Strengthened (ODS) Steels—Because of their resistance to void swelling, ferritic-
martensitic and ODS steels are considered prime candidates for intermediate temperature
applications, such as the proposed liquid metal reactor concept operating in the
temperature range 400-750°C. However, many ferritic-martensitic steels are limited by
poor higher temperature creep strength, typically degrading at temperatures greater than



550-600°C (reference 6), and ODS steels are difficult to form and weld. Grant
applications are sought to improve the creep strength of ferritic-martensitic steels through
alloying, dispersion strengthening, or precipitation hardening.

Grant applications also are sought to improve the weldability and formability of ODS
steels. Innovative alloys with protective coatings also are of interest. Proposed
approaches must provide for: (1) isotropic creep properties with strength greater than
that of Sandvik HT9 steel,

(2) a ductile-to-brittle transition temperature less than room temperature, and (3) a
minimum plane-strain fracture toughness of 0.256,. Alloying elements that act as
neutron poisons (e.g., boron) or that become highly activated in a neutron spectrum (e.g.,
cobalt) must be minimized or eliminated. Because the ferritic-martensitic and ODS steels
likely would be used in conjunction with a sodium-cooled reactor concept, approaches
that optimize corrosion performance while achieving improved high-temperature strength
would be considered high priority.

Lastly, grant applications are sought to develop approaches for monitoring these
important materials properties in ferritic-martensitic and ODS steels when they are used
as in-reactor materials and core barrel/vessel components. Of particular interest are
methods that can (1) measure in situ irradiation performance; and (2) provide data, in
conjunction with non-destructive evaluation techniques, that could potentially yield in
situ monitoring capability for core/vessel materials performance and detect incremental
changes in mechanical properties.

Questions — contact Sue Lesica (sue.lesica@hg.doe.gov)

b. Advanced Refractory, Ceramic, Ceramic Composite, Graphitic, or Coated
Materials—Generation IV Advanced Gas Cooled Reactors (Next Generation Nuclear
Plant (NPNG), reference 4. ) concepts aim for very high temperature (>900°C) operation.
However, with the exception of limited data on SiC-based systems, the radiation
resistance of construction materials subjected to very high temperatures has not been
identified or proven. Grant applications are sought to develop advanced refractory,
ceramic, ceramic composite, graphitic, or coated materials that can meet the very
demanding conditions required to operate at temperatures greater than 900°C in a thermal
spectrum nuclear energy system. For these conditions, the materials should have low
thermal expansion coefficients, excellent high temperature strength, excellent high
temperature creep resistance, and good thermal conductivity. For post-irradiation
handling at lower temperatures, sufficient room temperature fracture toughness must be
maintained. Additionally, the materials need to be easily fabricated and capable of being
joined. Because the reactors operating in this temperature regime are expected to be
helium cooled, the materials must have low erosion properties in flowing helium and be
able to survive an air ingress condition. Because the high temperature strength and
corrosion resistance may be difficult to achieve with a single material, composite or
coated systems may be required.
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Furthermore, use of these advanced irradiation-resistant high temperature materials for
gas reactor (NGNP) applications also will require advanced methods for periodic and,
eventually, real-time monitoring capability during extreme temperature and flux service
conditions. Grant applications are sought to develop advanced methods that can measure
the in situ irradiation performance of these NGNP refractory, ceramic, graphitic, and
coated composite materials. Of particular interest are grant applications for sensors that
can (1) monitor the mechanical properties of NGNP in-core/in-vessel materials as they
change during their service lifetime and (2) provide accurate and reliable measurements
of material mechanical properties during the large temperature changes that occur as the
plant operates.

Questions — contact Sue Lesica (sue.lesica@hg.doe.gov)

c. Advanced Technologies for the Assessment and Mitigation of Materials
Degradation for Light Water Reactor Systems and Components—Extending the
service-life of the current light water reactor fleet will require a high degree of confidence
in understanding and predicting materials performance. New technologies and advances
are needed for the long term (e.g., beyond current licensing periods of 60 years)
characterization and repair of materials systems experiencing a nuclear power plant
environment, and to develop improved methodologies for assessing risk and uncertainty.
Therefore, grant applications are sought to develop and demonstrate (1) advanced in situ
techniques for fundamental phenomenological aging characterization of nuclear-related
materials, such as swelling in stainless steel, hardening of reactor pressure vessels and the
degradation of concrete; (2) advanced welding techniques for component repair; (3)
techniques and processes to mitigate or predict irradiation effects, or other aging
phenomena experienced in nuclear reactor components; (4) advanced nuclear fuel
cladding materials; and (5) databases and methodologies for assessing risk and
uncertainty associated with materials degradation of Light Water Reactor components.

Questions — contact Robert Jordan (robert.jordan2@hgq.doe.gov)
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10. SOLID STATE LIGHTING

Today, solid-state lighting (SSL) products fall short of key priced and performance
requirements needed to meet the complex demands of the general illumination market.
The DOE - in collaboration with the Next Generation Lighting Industry Association (NGLIA),

industry stakeholders, and other Federal Agencies — has established aggressive and ambitious
goals for Solid State Lighting (SSL) R&D. In short, the program seeks to develop advanced SSL
technologies that, when compared to other lighting technologies, are much more energy efficient, longer
lasting, and cost-competitive. To realize this ambitious long-term goal, a Multi-Year Program Plan
(MYPP) has been developed that includes specific performance objectives for contributing technologies
such as power supplies and LEDs, as well as for system efficiencies that are compliant with present and
anticipated Energy-Star™ requirements. Because not all aspects of the MYPP are suitable for small
businesses under the funding and time constraints of SBIR/STTR programs, and for other technical and
programmatic reasons, this topic is restricted to selected SSL-contributing technologies described below.
Much more comprehensive technical and commercialization information is available at

http://www.netl.doe.gov/ssl/.

This project has two distinct themes: subtopics a and b areconcerned with SSL products;
subtopics ¢ and d are concerned with SSL core technologies.

By overcoming crucial key technical and design challenges, the DOE believes that some

SSL products can be rapidly advanced to the market. This topic seeks general illumination
products that push the envelope of SSL performance and cost competitiveness. Among the myriad of
performance requirements enumerated in the MYPP, these new SSL products target a system efficiency
that is 50 percent or higher with lighting that more completely reproduces the sunlight spectrum. Grant
applications submitted to subtopics a and bmust include (1) all required technical information, including
specific, quantitative measures of anticipated performance (e.g., color, efficacy, and cost); (2) quantitative
comparisons of the proposed product or innovation to existing products, with a clear and demonstrable
advantage to the proposed approach; and (3) a clear, viable commercialization plan with identified linkages
to a manufacturing route that is compliant with applicable SBIR/STTR guidelines. Special consideration
will be give to proposals that emphasize a manufacturing route within the USA.

e The DOE also is seeking to further the development of light emitting diodes
(LEDs) and organic LEDs (OLEDs), which are core technologies for solid state
lighting. Although grant applications submitted to subtopics ¢ and d need not
include a detailed commercialization plan, applicants should indicate how the
anticipated intellectual property would be made available for license to a
manufacturer or how it would be used to support an existing business relationship
or commercialization partner.

Grant applications are sought only in the following subtopics.

a. SSL Products for General Illumination Applications—Grant applications are
sought to develop SSL sources, luminaires, and commercial products for general illumination, based on
knowledge gained from previously-completed basic and applied research. Ideally, this knowledge would
be derived from prior projects supported by the DOE, but any source of R&D funding would still be
considered. Potential projects should systematically develop or improve commercially viable materials,
devices, or systems, perhaps using technologies that are already in the stream of US commerce.
Approaches of interest include the development of: (1) SSL-based integrated luminaires that
incorporate the many inherent advantages of Light Emitting Diodes (LEDs) or Organic
LEDs (OLEDs), including form factor flexibility for novel optical design, ability to be


http://www.netl.doe.gov/ssl/

easily and efficiently dimmed, and operation at low power; (2) high efficiency SSL
devices or arrays that are of very high flux with efficient étendue, which offer

advancement over conventional designs with respect to extraction efficiency, internal quantum
efficiency, current injection efficiency, improved thermal performance, and phosphor system efficiency;
and (3) high performance phosphors or encapsulant materials that offer improved quantum yield, broader
emission spectrum, reduced thermal quenching, or some other optical-system efficiency advantage that
would produce a more efficient, longer lived, or more cost effective product. Proposed product
development approaches may include “focused-short-term” applied research, but its relevance to a specific
product must be clearly identified.

b. “Off-Grid” SSL Products—The unique, low-voltage, direct-current power
requirements of SSL devices are an ideal match to leading photovoltaic (PV) devices and
many other renewable sources including wind. The combination of these emerging
technologies could lead to the creation of useful products that do not use electric power
supplied by the US electric grid. The combination would represent an ideal way to
conserve power or to provide lighting service where grid power is either not available or
of uncertain reliability. Such illumination devices could serve DOE’s energy
conservation goals by providing lighting service that is completely removed from the
grid. Already, many useful products have been introduced: 45% of commercially
available PV/SSL products are used for outdoor lighting applications such as parking
lots, walkways, architectural highlights, and illuminated signs. Of this amount, about
half are used in the transportation industry for markers, signaling, and other high
visibility signs; the other half are used for emergency or industrial applications.

Nonetheless, there is ample room for new, imaginative product ideas that completely
remove electric loads from the grid by shifting power requirements to a renewable
source, especially in the building sector. When coupled to recent legislation and building
code recommendations that encourage more use of renewable energy, there is plenty of
financial incentive to include these new products inside the building envelope.

Therefore, grant applications are sought to develop novel products that use a combination
of SSL, PV and batteries. Product proposals may include architectural fagade lighting,
remote outdoor lighting, marine applications, security illumination, emergency or
portable lighting, or any other niche application that takes advantage of the unique
properties of any or all of these emerging technologies. Grant applications that propose
PV/SSL products that fit into the building envelope will be given special consideration.
Of particular interest are approaches that (1) use Commercial Off-The Shelf (COTS)
technology for the SSL source, photovoltaic collection system, batteries, and controls;
and (2) are cost competitive with the designs they replace, as demonstrated by life-cycle
cost comparisons.

c. “Core” Technology for Light Emitting Diodes (LEDs)—The DOE has identified a
list of contributing scientific issues that are thought to impact the attainment of the
DOE’s goals for SSL. Grant applications are sought to develop enabling “core”
technologies that: (1) increase quantum efficiency, specifically Internal Quantum
Efficiency (IQE), of LEDs or phosphor performance, including light extraction, yield, or
photonic loss mechanisms; (2) improve thermal management and reliability, and increase
device performance of high brightness (HB) LEDs through advancements to contributing



materials technologies, such as encapsulating or packaging materials; and (3) improve
device life times and cost competitiveness for LEDs by employing advanced designs,
device architectures, or novel manufacturing methods, including die growth or alternative
substrate materials. Grant applications must specifically address one or more of these
areas of interest and completely describe how the proposed technology will produce
improvements in performance or cost.

d. “Core” Technology for Organic Light Emitting Diodes (OLEDs)—The OLEDs
(both small molecule and polymer) intended for SSL applications possess critical
limitations in practical lifetime, particularly when operated at the high current densities
required for general illumination applications. These applications entail brightness in the
range of 1000 cd/m? for prolonged periods of time (>10,000 hours) and operation in hot
environments such as commercial buildings ceilings (where temperatures can exceed 125
C). A variety of new materials and architectures of OLEDs have been proposed to
overcome these limitations, which could lead to numerous opportunities for
improvement. Grant applications are sought to dramatically increase the performance of
candidate OLED devices to MYPP levels by producing improvements in blue light
performance (spectrum, efficacy and life), charge injection and balancing, electrode
materials (reflectivity, transparency and conductivity), device stability and layer
compatibility, out coupling enhancements, and thermal management. Grant applications
also are sought to develop new and compatible manufacturing technologies to support the
anticipated high volume, low cost manufacturing of OLEDs on flexible substrates or thin
glass, in order to meet the aggressive price and performance goals of the MYPP.
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11. ADVANCED MATERIALS AND TECHNOLOGIES FOR COOLING AND
WASTE HEAT RECOVERY

Refrigeration, air conditioning, and other cooling requirements in the buildings, industry,
and transportation sectors account for about 10 quads of U.S. primary energy
consumption. Most conventional air conditioners, heat pumps, and refrigerators achieve
cooling through a mechanical vapor compression cycle (VCC). The efficiency of the best
VCC systems may be approaching asymptotic values; hence, the potential for significant
improvement of current technologies may be limited. Further, air conditioning is a major
contributor to electric utility peak loads (which incur high generation costs and use
equipment with low efficiencies). Similarly, in the transport sector, air conditioning is a
large load that constrains the design of hybrid vehicles; overall, A/C accounts for roughly
one-fifth of the power required by a mid-sized sedan traveling at 60 mph on a hot day.
These factors encourage the search for new approaches to increase the energy efficiency
of cooling technologies.

Another problem concerns the adverse environmental impact of the refrigerant gas used
in the mechanical VCCs of conventional air conditioners and refrigerators. Although the
refrigerant gases used today are considered safe for the ozone layer (per the Montreal
Protocol), they are strong greenhouse gases. For example, on a per-molecule basis, the
refrigerant R-134a used in vehicles has 1300 times the direct Global Warming Potential
of carbon dioxide over a 100-year period. Current vehicular air conditioners leak 10 to
70 grams of R-134a per year. The European Union (EU) bans the use of R-134a in new
model cars introduced in 2011 (and in all cars by 2017). There are also large refrigerant
losses from residential and commercial air conditioners and refrigerators.

The Department of Energy is seeking the development of advanced technologies for
space cooling in buildings and vehicles — as well as for refrigeration in residential,
commercial, and industrial applications — that are more energy efficient, that avoid net
direct greenhouse gas emissions, that reduce lifecycle costs, and that can impact large
markets. Technologies of interest include solid-state materials and devices, advanced
working fluids and mechanical vapor compression systems, and advanced contributory
technologies such as heat exchangers and heat transfer fluids.

In addition, the Department of Energy is seeking the development of advanced
technologies to capture some of the waste thermal energy from processes in the buildings,
transportation, and industrial sectors for use in cooling applications or in generating
electricity. Many processes within these sectors discharge large quantities of lower-grade
thermal energy. Technologies of interest include solid-state materials and devices, and
advanced absorption cycles — including those that use solar thermal energy.

Grant applications submitted in response to this topic must: (1) include a review of the
state-of-the-art of the technology and application being targeted; (2) provide a detailed
evaluation of the proposed technology and place it in the context of the current state-of-
the-art; (3) analyze the proposed technology development process, the pathway to
commercialization, and the attendant potential public benefits that would accrue; (4)



address the ease of implementation of the new technology, its ability to be installed with
commonly-available skill sets, and its potential for high reliability; (5) demonstrate that
the proposed technology has the potential to be more energy efficient and have reduced
lifecycle costs compared to current technologies; (6) have high reliability; and (7) address
a large potential market.

Phase I must include (1) a preliminary design, (2) a characterization of laboratory devices
using the best measurements available, including a description of the measurement
methods, and (3) the preparation of a road map with major milestones, leading to a
production model of a system for consideration in Phase II. In Phase II, devices suitable
for near-commercial applications must be built and tested, and issues associated with
manufacturing the units in large volumes at a competitive price must be addressed.

Grant applications are sought only in the following subtopics:

a. Solid-State Materials and Devices for Refrigeration and Air-Conditioning
Applications—Solid state devices offer the potential to provide higher energy
efficiencies than current VCC technologies, to eliminate the use of refrigerants and their
greenhouse gas impacts, and to provide highly-durable long-life units. Today, however,
solid-state devices such as thermoelectrics have significantly lower efficiencies than
conventional VCC technologies. Therefore, grant applications are sought to develop
solid state materials and technologies that have the potential to provide improved cost
and performance compared to conventional VCC technologies. Grant applications must
address (1) solid-state materials and devices such as thermoelectrics, magnetocalorics,
electrocalorics, and thermotunneling or (2) other solid state systems.

Questions — contact Sam Baldwin (Sam.Baldwin@ee.doe.gov)

b. Advanced Working Fluids and Mechanical Vapor Compression Systems—Current
VCC technologies have a well-established technology, manufacturing, marketing, and
support infrastructure around the world. But current VCC technologies appear to have a
relatively limited potential for significant further improvements in energy efficiency.
Further, current VCC working fluids are strong greenhouse gases. Therefore, grant
applications are sought to develop novel working fluids and mechanical VCC systems
that have the potential to provide improved energy efficiency and lifecycle cost compared
to conventional VCC technologies, with no net greenhouse gas impact due to the working
fluid.

Questions — contact Sam Baldwin (Sam.Baldwin@ee.doe.gov)

c. Advanced Heat Exchanger Technologies—Heat exchangers serve as the interface
between the cooling technology and the outside environment. Heat exchanger
efficiencies and high capital costs remain key constraints in overall cooling system cost
and performance. Grant applications are sought to develop heat exchanger technologies
with significantly higher performance and lower cost. Approaches of interest include



improved materials of construction, improved heat transfer fluid materials (including
nanostructured fluids), and improved heat exchanger design.

Questions — contact Sam Baldwin (Sam.Baldwin@ee.doe.gov)

d. Advanced Waste Heat Recovery for Electricity Generation or Cooling
Applications—The buildings, transportation, and industrial sectors discharge large
quantities of thermal energy from their processes. For example, over half of the energy
in gasoline is discharged from a vehicle as waste heat. Systems such as bottoming cycle
turbines have long been used for large scale (into the multi-megawatt range) capture of
waste heat to produce electricity. At small scales, thermoelectrics have been used in
special cases, but their high cost and low efficiency have limited their widespread
application. Grant applications are sought to develop (1) solid state materials and
devices, such as thermoelectrics or others that can capture waste heat for the production
of electricity; and (2) advanced absorption cycles that can use waste heat or solar thermal
energy to provide direct cooling for building applications. Approaches of interest must
demonstrate that the proposed technology will provide much higher efficiency and lower
costs than systems available today.

Questions — contact Sam Baldwin (Sam.Baldwin@ee.doe.gov)
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12. ENERGY EFFICIENT MEMBRANES

Separation technologies recover, isolate, and purify products in virtually every industrial
process. Pervasive throughout industrial operations, conventional separation processes
are energy intensive and costly. Separation processes represent 40 to 70 percent of both
capital and operating costs in industry. They also account for 45 percent of all the
process energy used by the chemical and petroleum refining industries every year.
Industrial efforts to increase cost-competitiveness, boost energy efficiency, increase
productivity, and prevent pollution demand more efficient separation processes. In
response to these needs, the Department of Energy supports the development of high-risk,
innovative separation technologies. In particular, membrane technology offers a viable
alternative to conventional energy intensive separations.

Successful membrane applications today include producing oxygen-enriched air for
combustion, recovering and recycling hot wastewater, volatile organic carbon recovery,
and hydrogen purification. Membranes have also been combined with conventional
techniques such as distillation to deliver improved product purity at a reduced cost.
Membrane separations promise to yield substantial economic, energy, and environmental
benefits leading to enhanced competitiveness by reducing annual energy consumption,
increasing capital productivity, and reducing waste streams and pollution abatement
costs.

Despite the successes and advancements, many challenges must be overcome before
membrane technology becomes more widely adapted. Technical barriers include fouling,
instability, low flux, low separation factors, and poor durability. Advancements are
needed that will lead to new generations of organic, inorganic, and ceramic membranes.
These membranes require greater thermal and chemical stability, greater reliability,
improved fouling and corrosion resistance, and higher selectivity. The objective is better
performance in existing industrial applications, as well as opportunities for new
applications. To advance the use of membrane separations, research is needed to develop
new, more effective membrane materials and innovative ways to incorporate membranes
in industrial processes. Grant applications must address the potential public benefits that
the proposed technology would provide, both from reduced energy consumption and
from the reduction in one or more of the following: materials consumption, water
consumption, and toxic and pollutants dispersion. Grant applications should also include
a plan for introducing the new technology into the manufacturing sector, in order to
access capabilities for widespread technology dissemination. Grant applications are
sought only in the following subtopics:

a. Membrane Materials with Improved Properties—Grant applications are sought to
develop lower cost inorganic, organic, composite, and ceramic membrane materials in
order to improve one or more of the following properties: (1) increased surface area per
unit volume, (2) higher temperature operation (e.g., by using ceramic or metal membrane
materials), and (3) suitability for separating hydrophilic compounds in dilute aqueous
streams. Particular membrane materials of interest include nano-composites, mixed
organic/inorganic composites, and chemically inert materials. Particular



processes/systems of interest include membranes for the separation of biobased products,
membranes for hydrogen separation and purification, membranes for CO, capture, and
membranes for industrial applications.

For industrial applications, high temperature separations of hydrocarbons and other
mixtures are of particular interest. For example, low molecular weight hydrocarbons are
separated from natural gas by condensing them as a liquid, and the liquid is distilled to
fractionate it, or the liquid is hydrocracked to olefins. However, chilling the natural gas
in order to recover the condensable portion and then reheating it is inefficient, because
the energy used to chill it cannot be recovered. Membranes, either as stand alone systems
or hybridized with other separation technologies, may provide an energy efficient means
of separating mixtures at the high temperatures at which these industrial processes are
carried out.

For all membrane processes/systems, grant applications must be targeted toward the
development of specific membrane materials for carefully defined commercial
applications; efforts focused on generalized membrane material research are not of
interest and will be declined. In order to assure the rapid commercialization of the
technology, especially for use by U.S. manufacturers, applicants are strongly encouraged
to engage in partnerships, so that the costs of the technology development and
commercialization can be shared among manufacturers, suppliers, and end users.

Questions - contact Charles Russomanno (Charles.Russomanno@hg.doe.gov )

b. Biofuels and Bioproducts—Grant applications are sought to develop membrane
technology to enhance the production of biofuels and large-volume, value-added
chemical products using biomass feedstocks. These production processes may use either
enzymatic or chemical catalysis, and may be conducted in either aqueous reaction media
or organic solvents. Grant applications must demonstrate a clear connection to a crop-
based feedstock and a large volume chemical product (one that would be manufactured at
greater than 500 million pounds). Of particular interest are (1) novel membrane
processes that use reactive separation technology, which combines the reactive
transformation with the separation; and (2) novel membrane materials with higher flux or
selectivity, and with improved chemical and thermal membrane stability. Again,
applicants are strongly encouraged to form partnerships involving manufacturers,
suppliers, and end users, in order to promote and ensure the rapid development and
commercialization of the technology in the U.S.

Questions - contact Charles Russomanno (Charles.Russomanno@hq.doe.gov)

c. Hydrogen Production—Hydrogen can be produced from coal, natural gas, biomass,
and biomass derivatives through the use of gasification, pyrolysis, reforming, and shift
technologies. In all of these processes, the initial product is a hydrogen-rich producer gas
or syngas, from which the hydrogen must be separated and purified. The most common
approach today involves the use of pressure swing adsorption (PSA) technology. The use
of membranes holds the promise of reducing costs by combining the separation and
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purification with the shift reaction in a reactive separation operation. Therefore, grant
applications are sought to develop improved hydrogen membrane separation and
purification technology for use in the production of hydrogen; the focus of the research
should be on low cost, high flux rate, durable membrane systems that can be integrated
with the shift reaction. Membranes of interest include ceramic ionic transport
membranes, micro-porous membranes, and palladium based membranes. Such
membranes could be used for a wide range of production capacities, from large central
production facilities (50,000-300,000 kgs/day of hydrogen) to small-distributed
production units (50-1000 kgs/day of hydrogen). Grant applications must include a
careful analysis of the overall hydrogen separation efficiency, to assure that the proposed
membrane separation will maximize the hydrogen recovered by the proposed process.
Technology partnerships with manufacturers, suppliers, and especially end users are
encouraged, in order to assure rapid commercialization of the technology in the U.S.

Questions - contact Charles Russomanno (Charles.Russomanno@hg.doe.gov)

d. Industrial Membrane Process Systems—Grant applications are sought to enhance
the separation capabilities of membranes used in industrial process streams. Proposed
research should be aimed at developing and commercializing innovative membrane
systems, using new or currently existing membranes, that can be robust when integrated
within real-world processes (e.g., inert gas removal, isomer separation, aromatic/non-
aromatic separations, sulfur removal, CO, capture, and removal of trace metals). Grant
applications should seek to address one or more of the following needs: (1) techniques
for overcoming scale-up problems related to contaminants in industrial streams (fouling,
oil misting, etc.), (2) manufacturing technologies that would reduce the cost of membrane
modules, (3) anti-fouling and anti-flux schemes to improve the long-term operability of
membrane systems, and (4) methods to regenerate membrane performance and lower
membrane maintenance costs. Also of interest is the integration of membranes with other
technologies (such as the integration of membranes with distillation systems, or with
adsorption or extraction processes), in order to address specific process issues. For all
grant applications, the overriding goal is to enhance U.S. industrial process efficiency to
the maximum possible extent by increasing the separation process efficiency. Therefore,
priority will be given to applications that carefully examine the efficiency of the proposed
membrane technology within the targeted application. Grant applications should also
include a process evaluation and an economic analysis along with the R&D effort.

Lastly, technology partnerships involving U.S. manufacturers, suppliers, and end users
are strongly encouraged.

Questions - contact Charles Russomanno (Charles.Russomanno@hg.doe.gov )
References:
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13. CATALYSIS

The United States continues to rely on petroleum and natural gas as its primary sources of
fuels. As domestic reserves of these feedstocks decline, the volumes of imported fuels
grow, and the environmental impacts resulting from fossil fuel combustion become
severe, the nation must reassess its energy future. The U.S. Department of Energy
recognizes catalysis as an essential technology for accelerating and directing chemical
transformation, thereby enabling the realization of environmentally friendly, economical
processes for the conversion of fossil energy feedstocks. Catalysis also is the key to
developing new technologies for converting alternative feedstocks, such as biomass,
carbon dioxide, and water to commodity fuels and chemical products. Grant
applications are solicited only in the following subtopics.

a. Selective Catalytic Conversion of Fossil Feedstocks—Grant applications are sought
to develop new homogeneous and heterogeneous catalysts and catalytic approaches for
the efficient industrial conversion of raw paraffins (and napthenes) to commodity fuel
and oxygenated products. Approaches of interest are limited to (1) the selective catalytic
conversion of hydrocarbons available from petroleum and coal (or the Fischer-Troepsch
wax or oil available from coal gasified in air or oxygen enriched air) to fuel
hydrocarbons, and (2) the selective direct catalytic conversion of methane, ethane,
propane, butanes, and hydrocarbons available from the naphtha fraction of petroleum to
commodity oxygenated compounds using air as the oxidant. These catalytic conversions
are the most important commercial industrial processes involving hydrocarbons, and
include the most energy intensive processes of all industrial processes. Grant
applications should identify the barriers to efficient conversion that will be overcome by
the proposed research. It is expected that these barriers can be addressed only though
innovation research at the fundamental level of chemical catalysis. As such, there may a
long time horizon before discoveries will lead to commercially viable technology.
Therefore, it is likewise expected that significant industrial interest will be required to
continue the development of the catalytic approach to commercial application in US-
based chemical and petroleum processing. Grant applications that seek to develop of new
catalysts only, outside of the context of hydrocarbon conversion to commodity fuel and
oxygenated chemical products, are not of interest and will be declined.

Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

b. Biomass Deconstruction and Catalytic Conversion to Fuels—The efficient
conversion of lignocelluloses — as available from dried grasses, wood, vegetable residual,
etc. — to commodity fuel products represents one of the most formidable technical
challenges of the decade. At the present time, all industrial processes for the conversion
of such “biomass” starting material to any liquid fuel involves the expenditure of
considerably more energy (in one form or another) than is available in the final fuel
product. In fact, the most efficient currently-available conversion methods consume
multiples of the energy available in the final fuel product. Therefore, grant applications
are sought for new catalytic approaches to overcome the fundamental barriers to the
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efficient conversion of lignocellulose to fuel. Catalytic approaches of interest (1) may be
homogeneous, heterogeneous, enzymatic, or any combination of these; (2) may involve
only one significant step in the overall conversion process, provided that the step is
known to involve a fundamental kinetic barrier to conversion; and (3) may not be a
commercially viable product or process itself, provided that the innovation, in
conjunction with other viable technology, would make a significant contribution to the
economically viable commercial conversion of lignocellulose to liquid fuel products.
Ultimately, the result of the research should be a product or process that would attract
significant industrial interest and involvement to carry the innovation to
commercialization. Because numerous catalytic approaches are currently under
consideration, applicants must demonstrate knowledge of the current state of the art, in
order to propose a new, significant, and potentially commercially viable innovation
catalytic approach for lignocellulose conversion to a liquid fuel product.

Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

c. Photo- and Electro-Driven Conversion of Carbon Dioxide and Water—The
(Gibbs) standard free energy of formation of carbon dioxide and water from the elements
in their standard states involve substantial quantities of energy. Consequently, the
conversion of carbon dioxide and water to chemical products also will be energy
intensive. Accordingly, to approach anything resembling a commercially-viable
chemical process, a process must involve the most efficient conversion steps possible.
These conversions are catalytic in nature, and the directed photo- or electro-catalyses of
carbon dioxide and water to an end product with commercial value are known (at least in
theory) to be specific and active enough to approach a commercially viable chemical
conversion process. This solicitation seeks innovative photo- or electro-catalytic
approaches for the conversion that will lead (in conjunction with other viable processing
steps) to commercial electro- or photo-chemical conversions of carbon dioxide and water
to ANY final product with more value than the starting materials. Approaches of interest
may involve only one step of the conversion, provided that the step is a known barrier to
the overall conversion process. Because it is recognized that the research solicited will
be part of a long-term effort, grant applications must demonstrate an understanding that
the development of commercially viable products or processes will require private
investment to bring the innovation to the market.

Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

References:
1. Basic Research Needs: Catalysis For Energy, Report from the U.S. Department of
Energy Basic Energy Sciences Workshop, August 6-8, 2007,
http://www.sc.doe.gov/bes/reports/list.html

2. Sustainability in the Chemical Industry, Grand Challenges and Research Needs,
2005, National Research Council,
http://books.nap.edu/openbook.php?isbn=0309095719
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3. Biomass Multi-Year Program Plan, March, 2008, Office of Energy Efficiency and
Renewable Energy, U.S. Department of Energy



14. NANOTECHNOLOGY

The United States has made considerable investment in nanotechnology research, with
applications envisioned for medicine and health, National defense, electronics, and other
areas. This topic solicits grant applications for nanotechnology research for energy
efficiency and renewable energy applications, particularly to enhance efficiency in the
ways that energy is converted and used in the U.S. Grant applications for “cross-cutting”
uses of nanotechnology are especially encouraged — for example, the application of
sensors and controls, originally developed for the Department of Defense, to a
manufacturing industry for civilian applications. Grant applications must clearly
demonstrate how the particular nanomaterial(s) and application will save energy in one or
more of the following areas of interest: oil and gas exploration, industrial manufacturing,
commercial and residential building HVAC, power electronics, wind energy systems,
geothermal energy systems, biomass power systems, advanced hybrid electric vehicles
(HEVs), and high-temperature gas turbines. The wider the application and the greater the
potential energy benefits, the better. Grant applications are sought only in the
following subtopics.

a. Nanomaterials—Grant applications are sought to develop nanomaterials —i.e.,
materials that derive unique properties from a structure or function imparted to a material
within the physical dimensions of 1-10 nanometers for the enhancement of energy
efficiency. Grant applications must address one or more of the following areas of
interest: (1) nanomaterials that provide unique wear resistant and erosion-resistant
characteristics for improved automotive efficiency (i.e., complete and efficient
combustion of fuel), and (2) nanomaterials with high temperature and pressure resistance
characteristics for oil and gas exploration and U.S. manufacturing applications. Grant
applications dealing with nanocatalysts and related applications are not of interest and
will be declined.

Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

b. Nanotechnology Applications in Electronics, Sensors, and Controls—Grant
applications are sought to apply nanotechnology to the development of electronics,
sensors, and controls for increasing energy efficiency. Grant applications must address
one or more of the following areas of interest: (1) energy usage in manufacturing, (2)
commercial and residential buildings, and (3) improved automotive performance and fuel
economy..

Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

c. Nanotechnology Applications in Renewable Energy Conversion and Storage—
Grant applications are sought to apply nanotechnology to improve the performance or
increase the efficiency of one or more of the following areas of interest: wind energy
systems, geothermal energy systems, and biomass power for utility applications. Because
many of these areas already have been the subject of nanotechnology R&D, grant
applications must include a review of the pertinent technical and patent literature.
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Questions — contact Charles Russomanno (Charles.Russomanno@ee.doe.gov)

d. Development of Nanoparticle-sized, “High Voltage™ Positive Electrode Materials
for Use in Advanced Lithium-lon Cells—Batteries for Plug-in Hybrid Electric Vehicles
(PHEVs) require increased energy density and specific energy relative to batteries now
being used in HEVs. For a lithium-ion cell, one approach to increasing these parameters
— while also optimizing the ability of the cell to deliver and accept high discharge and
charging currents — is to use “high voltage,” nanoparticle-sized active materials in the
positive electrode. These materials would undergo redox reactions relative to a lithium
(or carbon) negative electrode at voltages significantly above 4 V. However, state-of-the-
art lithium-ion systems are rarely charged above approximately 4.2 V because of
undesirable side reactions. Many currently-available positive electrode materials are
unstable at these higher voltages. Therefore, grant applications are sought to develop
nanoparticle-sized, positive electrode materials that would be appropriate for use in a
lithium-ion cell in a PHEV at voltages greater than 4.8 V relative to lithium metal. In
Phase I, the stability and performance of the new material should be confirmed in
laboratory cells. In Phase II, the materials should be evaluated in lithium-ion cells of at
least 2.5 Ah in size, using an electrolyte that is stable enough to allow the assessment of
the properties of the electrode material. This electrolyte does not have to meet the
requirements for use in a vehicle, such as calendar or cycle life. The Phase II evaluation
must focus on the performance requirements of a PHEV as described in the references.

Questions - contact James Barnes (james.barnes@ee.doe.gov)

References:

1 Chemicals Industry of the Future, U.S. DOE Office of Energy Efficiency and
Renewable Energy Website. (URL:
http://www.eere.energy.gov/industry/chemicals/)

2 Building Technology Roadmaps, U.S. DOE Office of Energy Efficiency and
Renewable Energy Website. (URL:
http://www.eere.energy.gov/buildings/tech/roadmaps.html)

3 FreedomCAR and Vehicle Technologies, “Multi-Year Program Plan”, U.S. DOE
Office of Energy Efficiency and Renewable Energy Website. (URL:
http://www1.eere.energy.gov/vehiclesandfuels/resources/fcvt_mypp.html

4 Building Technologies, “Multi-Year Program Plan,” U.S. DOE Office of Energy
Efficiency and Renewable Energy Website. (URL:
http://www.eere.energy.gov/buildings/about/mypp.html)
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15. TECHNOLOGIES RELATED TO ENERGY STORAGE FOR HYBRID AND
PLUG-IN HYBRID ELECTRIC VEHICLES

Energy storage technology (batteries and/or electrochemical capacitors) represents one of
the critical barriers to the development and marketing of cost-competitive hybrid electric
vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs). The energy storage
requirements for these two types of vehicles are somewhat different:

e HEVs require energy storage devices that can deliver high power pulses. For
HEV applications, the goal is to develop cells that provide peak power of 1000
W/kg or greater, have a cycle life of at least 300,000 shallow cycles, and have a
calendar life of 15 years.

e PHEVs require devices that both store significant energy and can deliver high
power pulses. PHEVs will require batteries that can deliver significant energy
(several kWh) for several thousand discharge cycles from an almost full charge to
a lower state of charge. It has been suggested that a PHEV battery would operate
in a charge-depleting hybrid mode from about 90% of full charge to about 25% of
full charge. Once the battery reaches this lower state of charge, it will function in
a manner similar to the battery in an HEV and must be able to sustain 200,000 —
300,000 shallow cycles with a 15 year calendar life.

All of these devices must be able to accept high power recharging pulses from
regenerative braking. For all systems, the materials to be utilized should be plentiful,
have low cost (< $10/kg), be environmentally benign, and be easily recycled. Evaluation
of the technology with regard to the above criteria should be performed in accordance
with applicable test procedures or recommended practices as published by the
Department of Energy (DOE), the U.S. Advanced Battery Consortium (USABC), or the
FreedomCAR Partnership (see references that follow). Grant applications must show
how proposed innovations would result in significant advances in performance and cost
reduction over state-of-the-art technologies. Grant applications are sought only in the
following subtopics.

a. Technologies to Assess the Behavior of a Lithium-lon Cell Containing an Internal
Short Circuit—A small fraction of the lithium-ion cells sold for consumer use, mainly in
portable electronic devices, have failed in the field. The cells in question are normally of
designs that have successfully passed a wide variety of safety tests, such as those required
by governmental shipping regulations and by many certification organizations. These
failures typically occur after the cell has been in use for at least several months with no
previous, obvious problems. When these failures do occur, they can result in the cells
getting very hot; some cells will go into thermal runaway and can burn or ignite the
device in which they are installed. Failures of this type are often reported in the media as
a “burning laptop” and have resulted in the recall of thousands of batteries. Many
members of the technical community believe that these failures are caused by a latent
flaw that results in a short circuit between the electrodes after significant use. Some
reports have suggested that the latent flaw takes the form of a very small piece of foreign



material. Battery manufacturers have found it very difficult to study this mode of failure.
Therefore, grant applications are sought to develop a method or methods to simulate this
type of internal short circuit in lithium-ion cells and to develop methods to prevent such
failures and/or mitigate their effects. The ideal method will be applicable to both spirally
wound and flat-plate cells containing any of the common lithium-ion electrochemical
systems. Approaches of interest must (1) develop a method to introduce an appropriate
latent flaw into a lithium-ion cell; (2) “activate” the flaw to produce a short circuit after
representative cycling; and (3) then compare the behavior of a cell that fails because of an
internal short with the behavior of a similar, unflawed cell that is subjected to one of the
standard abusive tests (such as nail penetration) that had been designed to simulate an
internal short caused by a latent flaw. Successful grant applications will be specific in
their discussion of the methods to be developed to introduce the short and in their
approaches to mitigating the effects of such a short.

In Phase I, the proposed technique for introducing and activating a latent flaw should be
demonstrated in cells representative of a commercial product of at least 1 Ah in capacity.
In Phase 11, this latent flaw technique should be (1) demonstrated in both spirally wound
and flat-plate cells with capacities of at least 2.5 Ah, and (2) compared to at least one
abuse test for simulating the results of an internal short on unmodified cells. Method(s)
of preventing or mitigating an internal short may be primarily developed as part of the
Phase II effort, but the approach to be taken in prevention or mitigation should be
described as part of the Phase I application. Any standard lithium-ion chemistry may be
used for these experiments.

Questions - contact James Barnes (james.barnes@ee.doe.gov)

b. Development of Asymmetric Electrochemical Capacitors—The most common
electrochemical capacitors, also known as “super” or “ultra” capacitors, use forms of
carbon as the active material in both electrodes. These capacitors exhibit many
performance characteristics that make them attractive for use in some HEVs. For
example, capacitors can deliver high power discharge pulses, accept high power charging
pulses from regenerative braking, have very good cycle life, and operate well at low
temperatures. But they have the disadvantage of not being able to store significant
amounts of energy on a weight (wh/kg) or volume (wh/l) basis. One way to improve the
energy storage capability of a capacitor is to replace one of the carbon electrodes with an
electrode made of another material (for example, the non-carbon materials typically used
in battery electrodes). When a non-carbon electrode is paired with one of carbon in an
electrochemical capacitor, the resulting device is often called an “asymmetric capacitor.”
Grant applications are sought to develop asymmetric capacitor systems that will store
more than 10wh/kg at the cell level while retaining the advantages of high power
capability, good cycle life, and good low temperature performance. Other desirable
characteristics include limited self discharge, good charge/discharge efficiency, long
calendar life, and low cost. Grant applications must provide a clear discussion, based
upon available data and theory, to support an assertion that the materials to be developed
will offer acceptable performance and meet the energy storage goal. Approaches of
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interest must include a demonstration of the materials’ performance in laboratory cells by
the end of Phase I and in capacitors suitable for use in an HEV by the end of Phase II.

Questions - contact James Barnes (james.barnes@ee.doe.gov)

c. Development of Lithium-ion Cells that Do Not Require the Positive Electrode to
Provide the Lithium that Is Cycled—In almost all lithium-ion cells, the “active”
lithium that is cycled is introduced into an uncharged cell as part of the material used in
the positive electrode. Typical materials that contain “active” lithium include LiCoO»,
LiFePOy, and LiMn;0Oy4. In a lithium-ion cell with a negative electrode made of carbon,
a significant portion of the active lithium is consumed during the first charging cycle and
represents “irreversible” capacity loss. If a cell has a lithium-metal negative electrode,
then the positive electrode does not have to include a material that contains “active”
lithium. The use of a negative electrode made of lithium metal allows a cell designer to
consider the use of a broader range of electrode materials and to design electrodes
without having to accommodate the irreversible capacity loss on the first cycle.
Unfortunately, it has proven very difficult to develop cells with lithium metal electrodes
that can be cycled thousands of times, as will be required in HEVs and PHEVs. Grant
applications are sought to (1) develop a lithium-ion cell in which the active lithium comes
from a source other than the uncharged, positive electrode; and (2) then demonstrate that
this cell offers advantages relative to conventional lithium-ion cells, with respect to
energy density, specific energy, cost, etc. Grant applications should identify what
materials will be used in the positive and negative electrodes, what electrolyte will be
used, and how the active lithium will be “introduced” into the cell. Proposed approaches
that use a negative electrode consisting of pure lithium metal (i.e., a lithium foil
electrode) are not of interest and will be declined.

In Phase I, the process for introducing the lithium should be demonstrated in laboratory
cells of at least 200 mAh in capacity; these cells may contain a positive electrode
representative of the current state-of-the-art for lithium-ion technology. (I.e, the
electrode may contain a material such as LiCoO,, LiFePOy, or LiMn,04) Phase II
should investigate use of one or more active materials in the positive electrode that do not
contain lithium when the cell is built. The Phase II cells, which should be at least 2.5 Ah
in capacity, may be either spirally wound or flat-plate designs. The Phase II effort also
should address issues associated with manufacturing the cells in large quantities at a
competitive cost (e.g., determine whether current procedures and equipment used to
manufacture lithium-ion cells could be modified to accommodate the new materials).

Questions - contact James Barnes (james.barnes@ee.doe.gov)

d. Additives to Reduce the Flammability of Materials Vented from a Lithium-ion
Cell—When a lithium-ion cell fails because of an internal flaw or external abuse, the cell
case will often vent or rupture. When a cell vents, materials (gases, aerosols, and
particles) are often released that can catch fire and burn. Brief periods of burning are
undesirable, and sustained burning is very undesirable. Grant applications are sought to
develop and demonstrate materials that can be added to a typical lithium-ion cell to
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reduce the duration and intensity of burning when the cell vents. For the purpose of this
subtopic, a “typical” cell is one that uses a mixed-carbonate electrolyte with LiPF as the
conductive salt. There are no restrictions on the other components of the cell — including
anode and cathode materials and minor components of the electrolyte — except that the
materials must (1) be described in the proposal; (2) reflect the current state of the art for
vehicular applications; and (3) not have an adverse effect on cell characteristics such as
cycle life, calendar life, high power capability, self discharge, cost, etc.

In Phase I, the effectiveness of the added materials shall be demonstrated by comparing
the duration and intensity of burning of electrolytes in the form of liquids, mists and
vapors, with and without the additives. These demonstrations should include a source of
ignition but do not have to be done in real cells. Phase I also shall include appropriate,
preliminary experiments to demonstrate that the additives do not adversely affect cell
performance. In Phase I, the benefits of the additives must be demonstrated by venting
abused cells and comparing the burning with and without the additives. In these Phase II
experiments, the cells must be of at least 2 Ah in size; and there must be a source of
ignition (spark or similar) near the vent. Furthermore, the effectiveness of the additives
should be demonstrated under multiple forms of abuse, including external heating, nail
penetration, crush, overcharge, short circuit, etc. Phase II also must include experiments
to confirm that the additives have not adversely affected the cell performance required of
an HEV or PHEV battery. Details of typical performance requirements and of methods
of testing for them are described in the references.

Questions - contact James Barnes (james.barnes@ee.doe.gov)

References:

1. Links to the following Manuals are available at:
http://avt.inl.gov/energy_storage lib.shtml. These documents provide a good general
basis for understanding the performance requirements for electric and hybrid electric
vehicle energy storage devices.
- FreedomCAR 42V Battery Test Manual
- FreedomCAR Battery Test Manual for Power Assist Hybrid Electric Vehicles
- PNGV Battery Test Manual, Revision 3
- Electric Vehicle Capacitor Test Procedures
- USABC Electric Vehicle Battery Test Procedure Manual, Revision 2

2. The internet site for the Batteries for Advanced Transportation Technologies (BATT)
program at http://berc.lbl.gov/BATT/BATT.html includes quarterly and annual
reports. This program addresses many long-term issues related to lithium batteries,
including new materials and basic issues related to abuse tolerance.

3. This site contains multiple references that summarize work supported by the Vehicle
Technologies Program related to energy storage. Prior to 2002, there are separate
publications for the Energy Storage Effort and for Advanced Technology
Development. In more recent years, there is a combined report for Energy Storage.
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These reports include information about cell chemistries that have proven to be useful
model systems for these applications along with discussions of issues related to abuse
tolerance and cell life. Very useful presentations may also be found by following the
links from Conferences = Papers and Presentations = 2008 Vehicle Technologies
Annual Review. http://www.eere.energy.gov/vehiclesandfuels/resources/ .

Information about requirements for vehicular batteries, separators for lithium-ion
batteries, and abuse testing can be found at the USABC section of the USCAR
internet site. Go to http://www.uscar.org/; click on the Consortia section, click on
“United States Advanced Battery Consortium (USABC)”. This site provides a second
source for many of the documents found at reference 1.
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OFFICE OF ENERGY EFFICIENCY AND RENEWABLE ENERGY

16. ENERGY SAVINGS TECHNOLOGIES FOR COMMODITY
MANUFACTURING INDUSTRIES

Industries consume more energy than any other sector within the US energy economy —
including residential and commercial building energy use and the transportation sector.
The manufacture of commodity materials — such as basic metals, chemicals, paper, and
glass (along with the forming of these materials into basic shapes, such as casting
primary metals, plate glass manufacture, shape forming of steel to I-beams or rolls, etc) —
consumes more than 70% of all energy consumed by industrial manufacturing in the US.

This topic seeks research and development for new energy savings technologies to be
applied in US commodity manufacturing operations, in order to enhance US industrial
competitiveness. Applicants must identify the industry and process in which the
proposed technology will be applied; approaches that address more than one industrial
process or manufacturing sector are most welcome. The proposed technology must be
innovative or at least new to the proposed industrial application, demonstrate that the
approach will overcome barriers to energy efficiency faced by commodity manufacturers,
and provide a reasonable estimate of how much energy (and the form of the energy) can
be saved. Grant applications for development of entirely new industrial processes to
replace existing processes, or for the development of new commodity materials, are not
of interest and will be declined. However, grant applications for the development of new
process equipment will be considered responsive, provided that the equipment is needed
to complete the feasiblity investigation under Phase I.

Potential applicants are strongly encouraged to develop partnerships with a US-based (of
primary US ownership) industrial company, especially one that can support a follow-on
commercialization effort. Although new energy savings technologies leading to potential
overseas markets are of interest, the R&D must be directed toward industrial processes
as they are applied in the United States.

Grant applications are sought only in the following subtopics.

a. Sensors and Controls—Grant applications are sought to develop sensors and controls
for existing commodity material manufacturing processes. Of all enhancement options
available, sensors and controls provide the greatest opportunity for process efficiency
enhancement. Areas of interest include, but are not limited to, process sensors and their
associated controls for (1) in situ process measurement, expecially for high-temperature
processes and (2) for chemical and petroleum product manufacture that do not rely on
expensive analytical instrumentation. with greatest potential impact on efficiency
enhancement but least developed are sensors for.would be of great value for process
efficiency improvement but are not widely available. Proposed approaches must
culminate in the development and commercialization of new sensor and control systems
to be applied in commodity manufacturing processes used in the US. Once the new



sensor concept is demonstrated, the applicant would be expected to work with
appropriate Government agencies to ensure that the new technology will meet any
regulatory bounds for commercialization. However, proposed investigations involving
regulatory aspects of new process sensors and controls are not of interest and will be
declined.

Questions - contact Brian Valentine (brian.valentine@ee.doe.gov)

b. Agile Manufacturing— Agile or “just in time” manufacturing has been advocated to
help manufacturers optimize energy and overall costs for manufacturing the products that
consumers order. However, for many industrial processes, the implementatin of such
strategies is difficult to envision, because of inherent limitiations of the processes
themselves. In particular, few continuous processes can be operated efficiently (if at all)
below the rated capacity of the process (for example, it is usually not possible to operate
a continuous process at 50% of the capacity for which the process was designed). Grant
applications are sought to develop optimization tools and methodologies for specific
commodity manufacturing processes that face these limitations. Of particular interest are
processes that face severe limitations of this type because of their initial design for
“economy of scale.” Approaches that deal primarily with software optimization tools
will be considered, but applicants are encouraged to develop partnerships with
commercial software vendors to commercialize new technology (unless the small
business itself is already a commercial software vendor).

Questions - contact Brian Valentine (brian.valentine@ee.doe.gov)

c. Process Heat Transfer Enhancement—Although the possibility of process efficiency
improvements based on heat transfer enhancement have been well documented, few new
heat transfer enhancement concepts have been commercialized, due to inherent barriers to
the commercialization of the concept. For example, heat transfer enhancements based on
ultrasound or electromagnetic fields have been demonstrated at laboratory scales, but
scale-up to commercial manufacturing levels has not been shown to be possible (or
practicable). Grant applications are sought to develop new approaches to overcoming
such barriers to the commercial application of heat transfer efficiency improvements in
commodity manufacturing processes. Applicants are encouraged to form partnership
with manufacturers and/or suppliers, in order to enhance the prospects for downstram
commercialization. Also, it is strongly suggested that the utmost care be excercized in
researching applicable patent literature; innumerable heat transfer enhancement concepts
have been patented but not commercialized, due to the inherent scale-up limitations for
commodity manufacturing operations.

Questions - contact Brian Valentine (brian.valentine(@ee.doe.gov)

References:
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4. National Goal to Reduce Emissions Intensity:
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17. INCREASING EFFICIENCY IN TRADITIONAL LIGHTING TECHNOLOGIES

Representing more than 20% of the energy consumed in US buildings, lighting is still
mostly produced by mature technologies that evolved during times when conservation
and environmental concerns were quite different than they are today. Although
developed in its present form more than 100 years ago, the ubiquitous yet inefficient
incandescent lamp is still found in widespread use throughout the world. A number of
nations (including Brazil, Venezuela, Australia, New Zealand, Germany, Belgium, and
Canada) and several States (including California, Connecticut, and New Jersey) have
contemplated or passed legislation to phase out incandescent lamps in favor of compact
fluorescent alternatives by 2010.

While a number of technical advancements in recent years have contributed to important
increases in the performance of traditional light sources and components used in
commercial and residential buildings, there is still ample opportunity for additional
improvements, especially in lamp system efficiency or efficacy. Any improvements must
address the need to reduce the amount of mercury (Hg), which is required to promote
starting and efficient operation in most common lamps manufactured today. The
following lamp types contain Hg: linear fluorescent (LFL) and compact fluorescent
(CFL) lamps; high intensity discharge (HID) lamps including metal halide, ceramic metal
halide, high pressure sodium (HPS), and mercury vapor; and other types of discharge
lamps such as mercury short arc, mercury xenon short arc lamps, capillary, and neon.
The Hg content in these lamps ranges widely, from a just few milligrams per lamp to
1,000 milligrams per lamp.

Grant applications are sought only in the following subtopics.

a. High Intensity Discharge (HID) Lamps—Today, the HID segment of the lighting
market represents about 14% of the lamps sold to the commercial sector and close to 30%
of those sold in the industrial sector. As technical improvements to HIDs evolve, they
are expected to produce improvements in the efficiency of selected products, increase
life-cycle cost effectiveness, and expand the applicability of HID lighting systems to
markets currently dominated by much less efficacious sources, including incandescent
and halogen lamps. Grant applications are sought to accelerate improvements to HID
system energy efficiency and to the suitability of HIDs to applications presently
dominated by less efficacious sources. Of particular interest are opportunities identified
by the DOE in a report of an HID workshop. These opportunities include: re-strike and
instant on; dimming (continuous to 30%); spectral issues including coatings, IR
management, diagnostics; ballast designs including lumen maintenance and color shift;
fill materials and chemistry; electrode materials, coatings, and lamp envelope; and HID
lamp system optimization. Any other grant application that seeks to advance HID lamps
or system performance consistent with the objectives described in the workshop report,
such as reductions in mercury content of specific HID product categories, also would be
of interest.

Questions - contact Brian Valentine (brian.valentine(@ee.doe.gov)
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b. Fluorescent Lamps and Phosphors—Fluorescent lighting — which produces 60% of the
light used in commercial building, yet consumes only 40% of the lighting energy budget
— represents another excellent target of energy efficiency improvement. Modern
fluorescent lamp systems, especially T-8 linear fluorescent lamps (LFLs) used with
electronic ballasts and solid-state controls, are good at producing very high light quality
with acceptable energy efficiency over an extensive lifetime. Compact fluorescent lamps
(CFLs) are not far behind. However, even the best of today’s T-8 LFLs convert only
about 28% of consumed power into visible radiation. Mostly, this inefficiency is
attributed to electrode losses (~16%), unwanted infrared emissions (~37%), and other
discharge column loses (~18%) including small amounts of ultraviolet emission. Grant
applications are sought for innovations and novel approaches to overcoming these losses,
resulting in advanced fluorescent lamps with even better efficacy than today’s products.
Grant applications that seek to significantly reduce or eliminate mercury as a key
ingredient to fluorescent lamp designs, while maintaining current efficiency standards,
are especially relevant and encouraged under this subtopic.

Grant applications also are sought to extend the use of phosphor technology in general
illumination beyond the current product mix of fluorescent lamps. Approaches of interest
include: (1) the up-conversion of infrared radiation into visible light; and (2) the
development of nanocrystalline structures that can alter emissive wavelengths or certain
light capture mechanisms, which may provide potential use in semiconductor devices or
other types of discharge lighting or photvoltaics; or any other concept where advanced
phosphor technology could positively impact the DOE mission. Grant applications
should identify how the technical approach will lead to increased phosphor efficiency or
range of application.

Questions - contact Brian Valentine (brian.valentine(@ee.doe.gov)

c. Advanced Ballasts and Controls—Many new control and solid-state components have
become widely available, and these components could have a positive and lasting impact
on powering light sources of conventional designs. Improvements such as advanced
dimming ballasts for LFLs or HIDs are now capable of simultaneously reducing power to
lamps and conserving energy, thereby providing a more useful, flexible source of
illumination with no compromise to performance or life. Moreover, new controls and
sensors offer the opportunity for lighting designers to include the harvesting of sunlight
in buildings. Grant applications are sought for: (1) innovations associated with advanced
control methodologies, in order to expedite the integration of lighting controls with other
building systems including daylight harvesting; and (2) performance advancements to the
ballasts and power supplies used by all forms of discharge lighting. Special consideration
will be given to approaches that are cost competitive with the devices or system being
replaced and are consistent with the recommendations of the DOE and other energy
conservation organizations and regulators.

Questions - contact Brian Valentine (brian.valentine(@ee.doe.gov)

d. Incandescent Lamps—Thomas Edison developed the first incandescent lamp using a
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carbonized sewing thread taken from his wife’s sewing box. His first commercial
product used carbonized bamboo fibers and operated at about 60 watts for about 100
hours and had an efficacy of approximately 1.4 LPW. Today, incremental improvements
have raised the efficacy of current 120-volt, 60-watt incandescent lamp to about 15 LPW
for products with an average lifetime of 1,000 hours. Although this increase is
impressive, it has been suggested that technical advancements in the materials used for
manufacturing incandescent lamps could increase lamp efficacy by a factor of two or
more, by decreasing unwanted infrared emissions in favor of useful visible light.
Therefore grant applications are sought to develop new and advanced materials
technologies leading to new incandescent lamp designs that will survive the extreme
environment of today’s incandescent products for durations of 1,000 hours or more.
Approaches of interest include the development of: (1) photonic structures or even novel
materials systems that could selectively and favorably alter the emissivity of the
incandescing surfaces, (2) different fill gas materials that interact with the incandescing
material to yield a net increase in visible radiation over unwanted IR, and (3) novel
coatings applied to the inside surface of the bulb, which could cause a similar favorable
interaction (e.g., up-converting phosphors or other complex materials). In addition to
efficiency increases, grant applications must demonstrate that the incandescent lamp
advancement would have no adverse impact upon the prospects of continuing to
manufacture a wide range of inexpensive products using the existing 100-year plus
technology base and cumulative tooling investment. This requirement would permit the
inexpensive manufacture of lamps that are competitive with other lighting technologies
just beginning to emerge.

Questions - contact Brian Valentine (brian.valentine@ee.doe.gov)
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18. PRODUCTION OF BIOFUELS FROM BIOMASS

The Energy Independence and Security Act of 2007 specifies a target quantity of 36 billion
gallons of renewable fuels (Renewable Fuels Standard) to be available in the U.S. for domestic
consumption by 2022. Of this amount, 15 billion gallons is expected to be provided by
conventional corn-based ethanol and 21 billion gallons from advanced biofuels. Of the 21
billion total, 16 billion gallons is expected to come from advanced cellulosic biofuel, 1 billion
from biomass-based diesel, and the rest from other sources., In State of the Union addresses (Jan
2006 and Jan 2007), the President outlined his Advanced Biofuels Initiatives, which seek to
break our national dependence on imported oil by accelerating the development of domestic,
renewable alternatives to petroleum-based transportation fuels. These initiatives are efforts to
develop cost competitive cellulosic biofuels as transportation fuels by 2012, and to reduce
gasoline usage in the US by 20 per cent in the next ten years (by 2017).

One important component of the achievement of these goals is to ensure that cost competitive
feedstocks for biofuels production are widely and sustainably available in sufficient quantities
and at reasonable costs. Feedstock costs are a major element in the production of a gallon of
biofuel. A joint study by the Departments of Energy and Agriculture released in April 2005
determined that the United States has the potential to sustainably generate about 1.3 billion dry
tons of various biomass feedstocks annually. These potential resources, which are available
primarily as agriculture and forest-derived feedstocks, are enough to produce biofuels that can
displace 30 percent of our current gasoline consumption. Research is needed to ensure the cost-
effective supply of major biomass resources to biorefineries for conversion to biofuels and
bioproducts. The biomass resources should be sustainably available in large quantities, at low
cost, and with appropriate quality.

Another component of successfully achieving the above goals involves the cost competitive
conversion of biomass to fuels and other bioproducts by both biochemical and thermochemical
conversion pathways. The Office of Biomass Program investigates biochemical conversion
pathways for the utilization of the cellulose and hemicellulose fractions of biomass to produce
ethanol. However, current costs of cellulosic ethanol production are too high to compete in the
market, and new approaches are needed to make cellulosic biomass-based technologies more
competitive. The Office of Biomass Program also investigates thermochemical conversion of
biomass to liquid transport fuels such as ethanol, mixed alcohols, and advanced hydrocarbon-
compatible and infrastructure-ready biofuels. Since thermochemical conversion technologies
are generally more robust than biochemical conversion technologies, biomass feedstocks can
include forest or agricultural residues, energy crops, or the woody fraction of municipal solid
waste. Technologies of interest include, but are not limited to, traditional gasification and

pyrolysis.
Grant applications are sought only in the following subtopics:

a. Biomass Moisture Management and Material Stabilization—A complete biomass
feedstock supply system incorporates elements of labor, machinery, and infrastructure to move
biomass from the field to the biorefinery. Feedstock moisture affects all supply chain elements:
collection, storage, preprocessing, handling, and transportation. Disregard for biomass moisture



can increase feedstock-supply-logistics costs and result in biomass material instability, which is
caused by microbial actions. Simply defined, “dry” biomass has a moisture content that is low
enough to be aerobically stable, and “wet” biomass has a moisture content that is high enough to
require actions (amendments, barriers, etc.) to ensure stability. Microbes react more to “water
activity,” the available water in the feedstock, than to the bulk percentage of moisture in the
biomass. An optimum supply system will balance the costs of handling and storing wet biomass
against the costs of removing the moisture and preprocessing the material to a uniform handling
format. Grant applications are sought to develop technology to:

¢ Control/manage biomass moisture, and thus water activity, to provide aerobically stable
biomass feedstocks. Approaches of interest should provide the technical and economic
feasibility of controlling moisture, through either drying the biomass or adding
amendments to lower water activity. Amendment applications would apply the principles
of hurdle technology (3) and could consist of any chemical or biological additive to
increase feedstock stability.

e Prevent and/or control microbial activity in dry or wet storage. Approaches of interest
should allow the biomass to remain stable in storage and throughout the feedstock supply
chain, irrespective of absolute moisture content. Stabilization of the material can be
based on either by adding a stabilizing agent or by microbial action to preserve the
feedstock. Also of interest are advances to traditional ensiling approaches, which would
stabilize biomass materials once they are removed from storage.

e Handle feedstocks in unstable situations. Approaches of interest include the optimization
of size, recalcitrance, and format considerations to ensure biomass stability throughout
the feedstock supply chain. Of particular interest are approaches for handling high
moisture biomass without spoilage and handling dry biomass without moisture gain.

Grant applications should be cognizant of the fact that feedstock-supply-system requirements are
highly dependent on feedstock variety. For example, the amount of moisture that can be allowed
in the biomass, before it becomes aerobically unstable and substantial damage occurs, is
feedstock-specific. In addition, different feedstock varieties have varying degrees of available
nutrients that affect biological stability and potential losses. More biomass feedstocks would be
collected as wet (greater than 15-20 percent moisture) than dry. Moisture in feedstock increases
the opportunity for unwanted microbial activity and causes degradation to occur more rapidly.
Microbial actions on biomass feedstocks typically come at the expense of structural sugars and
thus would cause a decrease in feedstock value.

Questions - contact Sam Tagore (Sam.Tagore@hg.doe.gov)

b. Microalgal Feedstock Production—The development of biofuels from conventional
terrestrial oil crops and waste cooking oil/fats realistically cannot come close to meeting the
demand for diesel transportation fuels (Tyson et al. 2004). In 2007, the United States used over
44 billion gallons of on-road petroleum diesel (http://eia.doe.gov), approximately one-third of its
annual gasoline usage. Even if all of the vegetable oil and waste fats produced in the U.S. were
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used for biodiesel production, only 3%-5% of total diesel usage would be replaced. Therefore,
viable alternative feedstock sources of high energy density must be developed.

Microalgae represent a promising new source of feedstocks for the production of biobased fuels.
Numerous algal strains have been shown in the laboratory to produce more than 50% of their
biomass as a lipid with a high fraction of triglycerides, the anticipated starting material for liquid
transportation fuels. Algal productivities can be fifty times that of oilseed crops on a per hectare
basis. For example, the current estimated oil yields from algae can be 20 times higher than from
soybeans. Therefore, less algal biomass is required to produce biodiesel than any other biomass
option. It is estimated that algal-derived oil could replace a significant amount of total on-road
diesel while using only a fraction of the farmland used for oilseed crops. However, low cost,
scalable harvesting options for microalgae do not currently exist. Since algal cultures tend to be
relatively dilute cell suspensions, the energy input that is required to remove water from these
cultures (including capital and operating costs), prior to oil extraction, can be quite significant
(Benemann and Oswald, 1996).

The present slate of available harvesting techniques is costly in terms of both capital and energy
input (Benemann and Oswald, 1996). Previous attempts at developing harvesting methods have
included (1) chemical flocculation; (2) centrifugation; (3) bioflocculation, the spontaneous
flocculation and settling of the algal cells; (4) autoflocculation, the co-precipitation of algal cells
with calcium carbonate and other precipitates that form in hard waters subject to high pH; and
(5) and spontaneous floatation, due to either cell buoyancy (e.g., high oil content) or the use of a
dissolved air flotation process.

Grant applications are sought to develop effective, economical, and sustainable processes to
harvest algae for at large-scale applications. Approaches of interest include the use of (1) small
amounts of chemical flocculants (polymers), which could be cost effective, depending on the
amount used; (2) high gradient magnetic fields to remove algae absorbed on polystyrene beads;
and (3) membrane filtration techniques, which have been suggested as an economical way of
harvesting large quantities of algae, although no commercial-scale membrane filtration for
harvesting algae is currently in use (Gregor and Gregor, 1978).

Any low cost harvesting technology is unlikely to be generic. Although universal harvesting
systems have been attempted, experience has shown that such systems are either very expensive
or don’t work well. Therefore, grant applications should focus on the development of novel
harvesting methods that work with certain specific groups of high-lipid-producing algae. In this
context, it will be necessary to maintain an effective interaction between the development of
harvesting technologies and the selection of particular algal species for possible mass culture
applications. A number of features may affect harvestability, including cell size, which can be
manipulated through variations in the growth conditions, and electrical charge at the surface of
microalgal cells, which can affect the manipulation of environmental and growth conditions.
Regardless of the harvesting technique used, the technology solution should be capable of
bringing the algal biomass to the density required for oil extraction and further processing (>20%
solids content) at a reasonable cost.

Questions - contact Sam Tagore (Sam.Tagore@hg.doe.gov)
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c. Small-Scale Transportable Biomass Pyrolysis Technology—Biomass pyrolysis can be used
to produce biofuels that directly replace current gasoline and diesel hydrocarbons. In this
process, biomass is first converted to liquid pyrolysis oil that is subsequently converted to
hydrocarbon fuels. This pyrolysis pathway offers the potential to utilize dispersed, low cost
biomass resources, because the initial pyrolysis step can be decoupled from the upgrading of the
pyrolysis oil. In smaller units at distributed sites, biomass pyrolysis could potentially utilize a
range of biomass resources, such as forest thinnings, to produce a densified oil product, which
could, in turn, be processed to finished fuels at larger-scale centralized facilities. Although
several pyrolysis approaches currently exist, the technology for economical small scale units,
which can be periodically transported from one remote site to another, does not exist.

Grant applications are sought to develop transportable biomass pyrolysis conversion
technologies suitable for small-scale operation at capacities up to 50 tons of biomass per day.
Approaches of interest must be capable of producing pyrolysis oil yields of at least 55% by
weight from biomass, as measured on a dry ash-free basis. The pyrolysis oil produced must be
stable, suitable for delivery to a central refinery site, and have a Total Acid Number (TAN) less
than 5. The proposed technology may incorporate a variety of underlying pyrolysis approaches
but must be self-contained for use at remote sites, such as forest thinning operations. The unit
must include capabilities for such requirements as electricity generation or cooling, as needed for
remote sites. Finally, the technology must be transportable via roadway for periodic relocation
to other remote locations.

Phase I should focus on the system design and provide a technoeconomic analysis of the
proposed approach. The technoeconomic analysis should clearly describe the primary
components of the system, document projected capital and operating costs, and provide an
estimated cost of production ($/barrel, dry basis) of biomass pyrolysis bio-crude oil. These
factors will form the basis for determining if the concept has sufficient merit to progress to Phase
11.

Questions - contact Sam Tagore (Sam.Tagore@hg.doe.gov)

d. Biomass Densification—Two major characteristics of a raw biomass, its highly variable
moisture and its bulkiness, contribute to the high cost of transport and storage. A multitude of
factors — including biomass composition, structure, and process temperature, as well as feed rate,
particle size, and pressures — are also important. A number of operations — size reduction,
drying, and the formation of high density biomass granules (densification) — have been
developed to deal with these characteristics, but the high cost of these operations make them
unattractive for biorefinery application. For example, roughly half of the power used for forming
pellets is wasted to overcome frictional forces in a conventional pellet mill. Size reduction by
shear when using a rotary knife consumes almost 1/5 of the power used in hammer milling.

Grant applications are sought to develop an economical processing system for the production of
high quality, low cost, granulated densified biomass. Approaches of interest must (1) be
applicable to woody and herbaceous biomass and other cellulose biomass; and (2) develop data
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on capital and operating costs from physical experiments, energy and material balances, biomass
properties, and the quality and material handling ability of the finished product.

Grant applications should demonstrate an awareness of new developments in size reduction and
densification research. For example, the hydrothermal pre-treatment of biomass prior to
densification could provide more structural integrity to pellets. One of these pre-treatment
options involves steam explosion, a process by which material is introduced into a reactor and
heated under steam pressure at elevated temperatures for a few minutes. The steam-exploded
material will have superior binding properties. This process may be suitable for hard to
densify/granulate biomass such as cereal straws. However, steam explosion introduces new
capital and operating costs to the already high cost of pelletization.

Questions - contact Sam Tagore (Sam.Tagore@hg.doe.gov)
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19. ADVANCED WATER POWER TECHNOLOGY DEVELOPMENT

Advanced water power technologies include (1) new devices capable of extracting
electrical power from waves, water currents, and ocean thermal temperature differences;
and (2) improvements in the efficiency and/or environmental performance of existing
hydropower facilities. Many of the newer marine and hydrokinetic technologies are
immature; yet, an emerging domestic and international industry is moving rapidly to
develop and deploy demonstration devices. The DOE’s Wind and Hydropower
Technology Program (WHTP), within the Office of Energy Efficiency and Renewable
Energy (EERE), has begun an initiative to accelerate the technology evolution of
advanced water power.

Because of the complexity of these technologies, grant applications are expected to focus
on a component or subsystem of a specified wave, water current, ocean thermal, or
hydropower system that would enable improvements to the overall system.
Alternatively, the grant applications could address a subsystem with broader application
to multiple water power technologies (e.g. underwater monitoring devices). In either
case, the unique function and innovation of the targeted subsystem must be clearly
described and its function in relationship to the greater system(s) must be expressed
clearly. Approaches of interest can be targeted at any of the multi-step project stages for
advanced water power systems: from design concept, through scale model development,
laboratory testing, open water testing, full-scale open water testing, and finally
commercial demonstration.

Phase I grant applications should (1) thoroughly describe the proposed subsystem or
component and how it functions within the overall concept, (2) demonstrate the
applicant’s knowledge of how to compute energy capture and extraction potential in
terms of available energy, and (3) provide an analysis plan to demonstrate the viability
and quantify the benefits of the proposed subsystem and the overall concept on the basis
of performance and safety. Priority will be given to proposed approaches that
demonstrate the likelihood that working prototype subsystem can be successfully
demonstrated and integrated into the overall concept by the end of the project.

Proposed projects that involve the participation of a DOE national laboratory must obtain
approval from the laboratory prior to submission, and provide evidence of that approval
in the grant application.

Grant applications are sought in the following subtopics.

a. Wave and Current Energy Technologies—Wave and current energy technologies
have significant potential for utility-scale energy production. However, while dozens of
international companies are currently developing systems, only a few commercial scale
projects have been deployed worldwide. Grant applications are sought to develop
approaches that can advance wave and current energy technologies. Areas of interest
include wave energy converters (such as point absorbers, oscillating water column
devices, overtopping devices, and attenuators), and energy conversion technologies for



tidal, river, and ocean currents (e.g., both axial flow and cross flow turbines are of
interest, as well as other methods that can demonstrate reasonable energy conversion
efficiency). Grant applications are expected to focus on the detailed development of a
selected subsystem or component embodied in a broader concept or device, and must
provide: (1) a technical and integrated operational description of the proposed
subsystem; (2) a description of how the proposed subsystem integrates into a full energy
conversion system; (3) demonstrated understanding of size and strength necessary for
long-term in-water survival of the proposed component/susbsystem and, if appropriate,
the integrated system; and (4) an analysis of the power performance and energy
extraction capability of the proposed component/susbsystem and/or the integrated system,
as appropriate, based on available energy. Subsystems and components that do not
address a specific device also may be proposed, provided that it is clearly shown that the
proposed component or subsystem generically can benefit multiple devices — in these
cases, items 3 and 4 above may not be applicable.

Examples of marine and hydrokinetic energy subsystems that might be considered are
given below, however other systems or innovations also may be considered:

Alternative or improved wave capture devices

Advanced generator concepts

Alternative fluid power energy conversion systems.

Subsystems for aggregating power collection and power distribution
Innovative power distribution couplings, connections, and interfaces
Load mitigation systems

Alternative drive concepts

Mitigation systems to enhance environmental acceptance
Ecological or physical ocean monitoring systems

Advanced installation or service equipment.

Improved rotors or rotor subcomponents.

Mitigation systems to enhance environmental acceptance
Ecological or physical ocean monitoring systems

Advanced installation or service equipment

Questions - contact Alejandro Moreno (Alejandro.Moreno@hg.doe.gov)

b. Ocean Thermal Energy Conversion Systems (OTEC)—Systems that generate
power using the temperature difference between cold deep water and warm surface water
were first proposed in 1881 by d’Arsonval and were demonstrated in Cuba in 1930 by
Georges Claude. However, despite large public and private investments over the years, a
commercial technology has not yet emerged. The challenges to commercialization
include low thermal efficiencies due to the relatively small temperature differences in the
ocean; high capital costs due to the low efficiencies and the ocean environment;
geographic constraints due to the need for warm surface water and cold deep water, and
the need to get the electric power to shore; and the difficulties of ocean engineering.
Grant applications are sought to apply new technology approaches, currently under
development, to address these challenges. These approaches include advances in heat
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exchanger design and materials and in power conversion systems; the identification of
new end products such as ammonia and, in the longer term, hydrogen, which can reduce
the geographic constraints; and the increased costs for end products such as ammonia,
which would increase the economic potential. Grant applications must provide: (1) a
technical and integrated operational description of a proposed OTEC subsystem; (2) a
description of how the proposed subsystem integrates into a full energy conversion
system; (3) demonstrated understanding of size and strength necessary for long-term in-
water survival of the proposed component/susbsystem and, if appropriate, the integrated
system; and (4) an analysis of the power performance and energy extraction capability of
the proposed component/susbsystem and/or the integrated system, as appropriate, based
on available energy. Subsystems may be proposed that do not address a specific device if
it can be clearly shown that the subsystems generically can benefit multiple devices. In
these cases, items 3 and 4 above may not be applicable.

The Phase I report should (1) summarize and detail the analysis methodology, (2) provide
results with respect to cost, performance, reliability, production, external conditions, and
operating load responses for particular design load cases, in order to demonstrate the
overall performance of the full system.

Questions - contact Alejandro Moreno (Alejandro.Moreno@hg.doe.gov)

c. Advanced Hydropower Systems—Advanced hydropower systems are technologies
that improve the energy efficiency and/or environmental performance of existing
hydropower turbines, generators, dams, and diversions, including those that increase the
water-use efficiency of hydropower projects (i.e., generate more electricity with less
water). Some new turbine designs have been proposed recently (e.g., fish friendly
designs supported by DOE’s Advanced Hydropower Systems Program), but few have
been fully tested. Also, automated control technologies and decision support systems,
which may offer substantial increases in operational efficiencies along with
environmental benefits, have been proposed. Grant applications are sought to new
advances for hydropower systems or subsystems, especially those that have combined
energy and environmental benefits. Areas of interest include:

e Advanced electrical components for integration of hydropower with other
renewables

Fish-friendly turbine designs

Variable-speed or high-voltage generators

Cost-effective flow measurement and turbine control systems

Advanced weirs for flow re-regulation and aeration

High-performance materials and coatings to replace existing components

Grant applications must provide: (1) a technical and integrated operational description of
a proposed hydropower system or subsystem; (2) a description of how the proposed
subsystem integrates into an overall project concept and improves on existing
technology; (3) an analysis for determining critical design load cases for the overall
concept; (4) an analysis of the power performance and energy extraction capability based
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on available energy. Subsystems may be proposed that do not address a specific device
under development if it can be clearly shown that the subsystems can benefit multiple
devices under development generically. In these cases, items 3 and 4 above may not be
applicable.

The Phase I report for proposed advanced hydropower systems should (1) analyze the
comparative benefits of the proposed technology relative to what already exists; (2)
summarize and detail the analysis methodology; and (3) provide results with respect to
cost, performance, reliability, production, external conditions, and operating load
responses for particular design load cases, in order to demonstrate the overall
performance of the full system.

Questions - contact Alejandro Moreno (Alejandro.Moreno@hg.doe.gov)
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20. WIND ENERGY TECHNOLOGY DEVELOPMENT

For over 25 years the Department of Energy’s Wind Energy Program, under the Office of
Energy Efficiency and Renewable Energy, has been a central component of the Nation’s
efforts to advance wind energy technology, for both large utility scale and smaller
distributed wind systems. To help meet America's increasing energy needs while
protecting our Nation's energy security and environment, the Wind Energy Program is
working with wind industry partners to develop clean, domestic, innovative wind energy
technologies that can compete with conventional fuel sources. Its efforts have
culminated in some of industry's leading products today and have contributed to record-
breaking industry growth.

Grant applications are sought only in the following subtopics:

a. Manufacturing and Assembly—New tools and designs are needed to reduce
manufacturing cost, improve speed of fabrication, and improve the quality of both large-
and small-scale wind turbines. Grant applications are sought for developing advanced
approaches for assembly, component manufacturing, materials or fiber processing,
materials handling, and turbine installation and erection. Approaches of interest may
address either central manufacturing facilities or onsite manufacturing, and include the
development of techniques to enable high volume production as well as techniques for
manufacturing key components, including blades, power electronics, and towers. For
example, hybrid composite/steel structures have the potential to replace current tower
designs for small turbines that are relatively expensive and sometimes lack aesthetic
appeal. Grant applications must: (1) demonstrate that the proposed approach will help
reduce the cost of assembly and installation, while having a limited impact on overall
capital cost; and (2) include an economic analysis that accounts for such long-term
implications as maintenance, refurbishment, replacement, and recycling.

Questions - contact Dennis Lin (dennis.lin@hg.doe.gov).

b. Component Reliability—Quality assurance is a key element in wind turbine
manufacturing. Hidden defects in delivered components could have a major impact on
the quality and reliability of the system. Blades, for example, are difficult to inspect due
to their large size and thick sections. Improved inspection methods are needed to
evaluate bonding quality, thick section infusion, fiber straightness, as well as the wide-
area quality of the manufactured composite material. Grant applications are sought to
develop new approaches to assuring the quality of manufactured parts before they are
shipped to the field. Plant floor manufacturing quality assurance methods that involve
advanced non-destructive inspection techniques would be of particular interest.

In addition, grant applications are sought to develop field inspection methods to assure
quality during and after installation. Field methods are important for evaluating field
repairs and equipment modifications. Methods that uncover hidden defects during the
operational checkout phase are of interest, because they could uncover defects generated
by the transportation and installation processes.
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For both types of inspection procedures, the use of commercially available technology
would be appropriate if it can be demonstrated that an innovative application will resolve
a unique wind energy problem. Grant applications must: (1) demonstrate that the
proposed technology would address important issues and lead to improved reliability of
operational wind plants; and (2) demonstrate the economic viability of the technology.

Questions - contact Dennis Lin (dennis.lin@hqg.doe.gov).

c. Condition Monitoring—As wind energy systems increase their penetration into the
national

electrical power base, long-term reliability of wind turbines becomes of ever greater
importance. Grant applications are sought for new tools and methods to perform real-
time and predictive condition monitoring on major wind turbine subsystems, including
blades, gearboxes, towers, and generators. Grant applicants should consider (1) advanced
sensor systems and instrumentation; (2) models that can predict real-time performance
and component failure; and (3) system capability for determining structural condition,
reducing unscheduled outages, and predicting failures and maintenance needs in advance.

Proposed systems must be (1) capable of withstanding extreme environments, including
high temperatures, high humidity, extreme cold, corrosive offshore environments, and
wind-blown sand and dust; (2) flexible in nature, capable of providing a variety of
crosscutting condition monitoring applications; and (3) easily integrated into the total
wind control platform (including integration into wind turbine fleets or into remote,
stand alone, unattended turbines). Both sensors and data acquisition systems must be
capable of lifetimes on the order of 20 years or be of such a cost as to make more regular
replacement economically viable. The Phase I effort should lead to a demonstration of
the system in Phase II, in either simulated or actual operating environments.

Questions - contact Dennis Lin (dennis.lin@hg.doe.gov)
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21. GEOTHERMAL TECHNOLOGIES

Generation of electricity from geothermal energy typically involves drilling wells into
naturally-heated subterranean aquifers, and then expanding a hot fluid — either the fluid
produced directly from those wells or a secondary fluid heated by the directly-produced
fluid — through a turboexpander that drives an electric generator. Commercial
geothermal power projects already are operating successfully on identified hydrothermal
resources in a number of states. However, a much larger resource base is believed to
exist in the forms of “hidden” hydrothermal systems (i.e. systems that have insufficient
surface indications) and geothermal systems that can not be produced by conventional
means — i.e., without enhancement of their natural permeability or fluid content.
Improved technology for locating and characterizing hidden and enhanced geothermal
resources is needed to support their development. Grant applications are sought only
in the following subtopics.

a. Advanced Exploration Technologies for Hidden Geothermal Resources—The
resource assessment conducted by the U.S. Geologic Survey projected that the majority
of geothermal resources would be 