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INTRODUCTION TO DEBER/STTR TOPICS

This SBIR/STTR topics document is issued in advance of the FY 2018 DOE SBIR/STTR Phase | Release
Funding Opportunity Announcement scheduled to be issued in on August 14, 2017. The purpose of the ea
release othe topics is to allow applicants an opportunity to identify technology areas of interest and to
begin formulating innovative responses and partnerships. Applicants new to the DOE SBIR/STTR progran
are encouraged to attend upcoming topic and Funding @fymity Announcement webinars. Dates for

these webinars are listed on our websitbttps://science.energy.gov/sbir/fundingpportunities/.

Topics may be modified in the futurépplicants are encouraged to check for future updates to this
document, particularly when the Funding Opportunity Announcement is issAag.changes to topics will
be listed at the beginning of this document.

General introductory information about the@E SBIR/STTR programs can be found online here:
http://www.doesbirlearning.com/ Please check out the tutoriala series of short videos designed to get
you up to speed quickly.

COMMERCIALIZATION
Fedeal statutes governing the SBIR/STTR programs require federal agencies to evaluate the commercial
potential of innovations proposed by small business applicants. To address this requirement, the DOE
SBIR/STTR programs require applicants to submit conmatizetion plans as part of their Phase | and II
applications. DOE understands that commercialization plans will evolve, sometimes significantly, during the
course of the research and development, but investing time in commercialization planning dentesistra
commitment to meeting objectives of the SBIR/STTR programs. During Phase | and Il awards, DOE provit
small businesses with commercialization assistance through afid@Ed contractor.

The responsibility for commercialization lies with the snhélusinessp 5h9Qa {.Lwk{C¢CCw
by DOE program managers seeking to advance the DOE mission. Therefore, while topics may define
important scientific and technical challenges, we look to our small business applicants to define how they
will bring commercially viable products or services to market. In cases where applicants are able identify a
viable technical solution, but unable to identify a successful commercialization strategy, we recommend tha
they do not submit an SBIR/STTR applicatio

TECHNOLOGY TRANSBERORTUNITIES
Selected topic and subtopics contained in this document are designatédcismology Transfer
Opportunities(TTOs). The questions and answers below will assist you in understanding how TTO topics
and subtopics diier from our regular topics.

What is a Technology Transfer Opportunity?

A Technology Transfer Opportunity (TTO) is an opportunity to leverage technology that has been develope
at a university or DOE National LaboratoBach TTO will be describedaiparticular subtopic and

additional information may be obtained by using the link in the subtopic to the university or National Lab
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that has developed the technology. Typically the technology was developed with DOE funding of either bas
or applied reseech and is available for transfer to the private sectdhe level of technology maturity will

vary and applicants are encouraged to contact the appropriate university or Laboratory prior to submitting
an application.

How would | draft an appropiate project description for a TTO?

For Phase I, you would write a project plan that describes the research or development that you would
perform to establish the feasibility of the TTO for a commercial applicafiéve major difference from a
regular sibtopic is that you will be able to leverage the prior R&D carried out by the university or National
Lab and your project plan should reflect this.

Am | required to show | have a subaward with the university or National Lab that developed the TTO in

my grant application?

No. Your project plan should reflect the most fruitful path forward for developing the technolobggome

cases, leveraging expertise or facilities of a university or National Lab via a subaward may help to accelera
the research odevelopment effort.In those cases, the small business may wish to negotiate with the
university or National Lab to become a subawardee on the application.

Is the university or National Lab required to become a subawardee if requested by the appfican

No. Collaborations with universities or National Labs must be negotiated between the applicant small
business and the research organization. The ability of a university or National Lab to act as a subcontracto
may be affected by existing or antiaeifgd commitments of the research staff and its facilities.

Are there patents associated with the TTO?
The TTO will be associated with one or in some cases multiple patent applications or issued patents.

Will the rights to the TTO be exclusive or nexclusive?
Each TTO will describe whether the license rights will be exclusive exutusive. Licenses are typically
limited to a specific field of use.

If selected for award, what rights will | receive to the technology?

Those selected forveard under a TTO subtopic, will be assigned rights to perform research and
development of the technology during their Phase | or Phase Il gr&tesse note that these are NOT
commercial rights which allow you to license, manufacture, or sell, but afiysrto perform research and
development.

In addition, an awardee will be provided, at the start of its Phase | grant, withcastp six month option to
license the technologylt will be the responsibility of the small business to demonstrate adezjpabgress
towards commercialization and negotiate an extension to the option or convert the option to a licAnse.
copy of an option agreement template will be available at the university or National Lab which owns the
TTO.

How many awards will be maglto a TTO subtopic?
We anticipate making a maximum of one award per TTO subtdpige receive applications to a TTO that
address different fields of use, it is possible that more than one award will be made per TTO.

How will applying for an SBIR off$R grant associated with a TTO benefit me?



. @ fSOSNIIAYI LINA2NI NBaSFENDK yR LI GSyda FTNRBY |
bringing a new technology to market. To make greatest use of this advantage it will help for you to have
prior knowledge of the application or market for the TTO.

Is the review and selection process for TTO topics different from other topics?
No. Your application will undergo the same review and selection process as other applications.

DOE GRANT APEATION PREPARATIQNPBORT PHASE O ASSISTANREGRAM
To increase the number of higjuality SBIR/STTR Phase | applications submitted to the DOE by women
ownedand minorit2 6 Y SR aYl ff o0dzaAySaasSa> yR avlftf odzaAy
(see eligible state list below), the DOE provides a variety of application preparation and other related
services, free of charge.

Phase O services are offered on a foeme, firstserve basis to eligible applicantSor more information on
the DOE SBISTTR Phase 0 Assistance Program and to determine eligibility, please visit
http://www.dawnbreaker.com/doephaseQ/

The following states are underrepresented in the DOE SBIR/STTR progiani3CGA, HI, IA, ID, IN, KS, LA,
ME, MN, MS, MT, NC, ND, NE, NY, OK, PA, PR, RI, SC, SD, WA, WI.
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PROGRAMREAOVERVIEWOFFICEFDEFENSEUCLEARONPROLIFERATIGNSEARCH
ANDDEVELOPMENT

The Defense Nuclear Nonproliferation (DNN3$sion is to provide policy and technical leadership to limit or
prevent the spread of materials, technology, and expertise relating to weapons of mass destruction; advance
the technologies to detect the proliferation of weapons of mass destruction worletvedd eliminate or

secure inventories of surplus materials and infrastructure usable for nuclear weapons. It is the organization
GAOUKAY GKS 5SLINIYSYG 2F 9ySNHeéQa bliaAazylf bdzOfS
the spread of magrials, technology, and expertise relating to weapons of mass destruction (WMD).

Within DNN, the Defense Nuclear Nonproliferation Research and Development (DNN R&D) program directly
contributes to nuclear security by developing capabilities to detectcadacterize global nuclear security
threats. The DNN R&D program also supports ecossng functions and foundational capabilities across
nonproliferation, counterterrorism, and emergency response mission areas. Specifically, the DNN R&D
program makeshese strategic contributions through the innovation of U.S. technical capabilities to detect,
identify, locate, and characterize: 1) foreign nuclear material production and weapons development activities
2) movement and illicit diversion of special tear materials; and 3) global nuclear detonations.

To meet national and Departmental nuclear security requirements, DNN R&D leverages the unigue facilities
and scientific skills of DOE, academia, and industry to perform research and demonstrate advances i
capabilities, develop prototypes, and produce sensors for integration into operational systems.

DNN R&D has two stbffices: Proliferation Detection and Nuclear Detonation Detection.

The Office of Proliferation Detection (PD) develops advanced teadhg@pabilities in support of the following
three broad U.S. national nuclear security and nonproliferation objectives: (1) detect, characterize, and
monitor foreign production and movement of special nuclear materials; (2) detect, characterize, and monito
foreign development of nuclear weapons and to support the nuclear counterterrorism and incident response
mission; and (3) provide enabling capabilities for raute applications across the NNSA and interagency
community.

The Office of Nuclear Detoriah Detection (NDD) performs the following three national nuclear security
NREfSayYy om0 LINRPRdzOSI RSt A-gSddlogendtidnalisghsos thatlylab&lly detécbany’ |
report surface, atmospheric, or space nuclear detonations; (2) advaeeismic and radionuclide detection and
Y2YAG2NRAY 3 OFLI 6AftAGASE (KI (-baSed hugléaSdetanafidriNdetéctioa y 2 T
networks; and (3) advance analytic nuclear forensics capabilities related to nuclear detonations.

1. NEAR FIELOEHDPECTION TECHNOLGGIE

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applicatidit3:

The Office of Proliferation Detection (PD) is interested in deveippew and novel technologies and concepts
for near field detection systems and instrumentation. PD is seeking improved equipment for response units t
find and locate devices or components which emit radiation in order to prevent adversarial activities.
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Gontinued technological advances in materials and electronic instrumentation can incrementally improve the
detection range and time.

a. Radiation Detection Material Advancement
Ceramic and composite material research is needed. Improvements for lowerargst, Volume, and
better energy resolution than sodium iodide based systems are essential. Emphasis is placed on the
eventual creation of large volume scintillators. Possible methods include consolidation of powdets, glass
ceramics, or other approaches.

Improvements to existing commercial duabde gamma and neutron detection materials are needed. In
addition to neutron sensitivity, gammay spectroscopic performance comparable to LaBr3:Ce -{light
~60,000 photons/MeV and energy resolution ~3% Fulithvat Half Maximum, FWHM) is sought with

higher gammaray stopping power through hlgher atomic number constituents (densmes exceeding 4.5
IkOYo0O®d [2¢ O2a0 ONradGrta 2F 4 €SI Hé | NB Sa

Silicon based material improvements are needed. Fabricaifosery thick (~5 mm or more) silicon sensors
(ChargeCoupled Device, CCDs; Complementary M@tatle Semiconductor, CMOS imagers;

pixel/pad/strip sensors) could be transformative in a number of nuclear nonproliferation mission areas.
Reactor monitoringvith ultra-low-noise (<1 ¢ CCDs or CMOS imagers requires large detector mass which
would be enabled by thicker devices. Very thick sensors in various readout configurations would be
applicable to measurements of fission products where silicon would geaxray (or low energy gamma

ray), conversion electron and beta spectroscopy. Proposals to explore the potential for using direct wafer
bonding of higkresistivity silicon to produce very thick, fulliepleted devices are desired. This exploratory
work cauld utilize any of the above sensor configurations to demonstrate successful bonding, top metal
application, and operation (charge collection, IV curves, charge cloud dispersion, etc.)

Questiong; Contact:Donald Hornbackjonald.hornback@nnsa.doe.gov

b. Improved Methods for Light Collection to Enhance Radiation Detection
Surface modification for improved light extraction using photonic coatings is needed. In currently used
techniques where an optical greass used for coupling highdex inorganic scintillators to lovmdex
detector windows, a majority of the light generated by the interaction of a garmagan the scintillator
undergoes multiple total internal reflections (TIRs) before exiting to the quietiector. The resulting loss
of light degrades the energy resolution (ER), and multiple total internal reflections also delay the exit of
scintillation photons towards the photodetector, substantially degrading timing performance. Improving
scintillator krightness, along with energy and temporal resolution is important in virtually all radiation
detection applications. An alternative approach is to utilize the novel properties of nanostructures such as
photonic crystals (PhCs) to modify the exit surfacthefscintillator crystal increasing the fraction of
usable light produced by the scintillator. Using PhC that gradually changes the refractive index between
the window and photodetector, ~50% improvement in the light extraction and ~40% improvement in the
energy resolution of existing inorganic scintillators, has been demonstrated using PhCs nanoimprinted in
polymers. However, additional research is required for further improvements and develop a production
protocol.

Development of a photocathode with wehigh quantum efficiency based on thedtkali antimonide
K2CsSb is needed-a@kali antimonide (K2CsSb) photocathode has one of the highest quantum efficiencies
(QE) in the spectral region (25@00 nm) that matches well with the emission of higiht-yield
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gamma/neutron scintillators such as LaBr3:Ce, Srl2:Eu, Cs2LiYCI6:Ce. The development is currently limi
by the production mode (growticharacterization) that impact performance. Historically, the QE for these
cathodes has improved very gradually to ~25- 40 % and is strongly limited by the method used for
producing them. Successful research and development of photocathomleth and characterization has

the potential for a major leap in the QE, which will translate seamlessly into high ersaytion

(through higher photon counting) of current scintillators such as Nal without adding to cost.

Questiong; Contact:Donald Hornbackjonald.hornback@nnsa.doe.gov

Portable Advanced Neutron Ingang Capability

Associated particle imaging (API) extends the capabilities of active neutron interrogation by enabling
temporal discrimination and spatial localization of radiation signatures. Proposals are sought to integrate
APl into the next generatioof high-performance portable deuteriuaritium (DT) neutron generators. The
system should include available DT neutron spectrum and the neutron yield should be variable. The syste
should also be capable of multimodal interrogation, including transmissidiography and induced

emission (fission, elastic scatter, inelastic gamma) imaging. The alpha detector should be capable of sub
nanosecond timing and compatible with high data rate electronics. Specific alpha detector parameters of
interest are: geomiy (2D array), timing resolution better than 500 ps, imaging resolution less than one
centimeter, field of view of at least 60 degrees, and a neutron energy of 14.1 MeV (DT). Specific generatc
parameters of interest are: continuous operating mode, 1x0@a kn~ @A St RX L2 g SNJ C
400 W, neutron production spot size less than 3 mm, lifetime greater than 500 hours, less than 30 Ibs
system weight, and compliant with the Department of Transportation shipping requirements. Proposals
with minor deviations from the parameters are still encouraged to apply

Questiong; Contact:Donald Hornbackjonald.hornback@nnsa.doe.gov

. Other

In addition to the specific subtopics listed above, PD invitastgapplications in other areas relevant to
this Topic.

Questiong; Contact:Donald Hornbackjonald.hornback@nnsa.doe.gov

2. TECHNOLOGY TO FAGILE MONITORING FRBCLEAR EXPLOSIONS

Maximum Phase | Awd Amount: $150,000

Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES

Accepting STTR Phase | Applicatidi(3:

The Office of Nuclear Detonation Detection (NDD) is seeking to improve capabilities for monitoring nuclear
explosions, which are banned by several treaties and moratoria. These capabilities benefit the U.S. but may
also benefit the international monitoring capabilities in the context of preparations for a Comprehensive
NuclearTestBan Treaty (CTBT). These ca&s include collection of gas samples and measurement of

radioxenon isotopes (betgamma emitters) within them.

a. Commercial Capability to Coat Beta Cells to Eliminate Memory Effect

Betagamma coincidence detectors have long utilized a plastic sciotilet the detection mechanism for
electrons emitted during the decay of radioxenon. A key area of improvement sought for plastic scintillatol
beta cells is elimination of xenon diffusion into the plastic. During sample counting, when the xenon gas is
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in cantact with the plastic scintillator for prolonged periods of time, diffusion of the xenon gas occurs and
remains in the plastic for several days. As a result, subsequent samples will measure elevated count rate:
due to the residual gas trapped intheplasD® ¢ KA & St S@PFGSR O2dzyd NI 4GS
STFSOlé¢d hyS YSUK2R 2F NBRdzOAYy3 (GKAA YSY2NER STT7
the plastic scintillator. While the Al203 coating provides a gas barrier which reducdsftiston rate of

xenon in the plastic scintillator, a corresponding decrease in the energy resolution of ~6% is observed. NL
is requesting a commercial coating capability for plastic scintillator cells which will eliminate the memory
effect without redudion of energy resolution. Specifically, a commercially scalable atomic layer deposition
(ALD) or similar coating process is required to uniformly coat the interior surface of a plastic scintillator
OStt & ¢KSaSi x&haped desigiBondiag 6P @inS@en ended cylinder of approximately 1

cm diameter, and 6 cm length.

In the final construction of the cell, a flat end cap is epoxied to the open end of the cylinder. Therefore the
process will be required to coat both the interior of the cglien and one side of the flat eachp. The

scintillator cells currently in use are composed of48@ polyvinyl toluene (PVT) which is thermally

sensitive. B&04 has a softening point of 70°C and experiences reduced scintillator efficiency if exposed t
elevated temperatures for prolonged periods of time. Therefore, any coating procedure utilized for these
cells will require reduced processing temperatures. Coatings must be of sufficient mechanical and optical
quality to prevent gas diffusion into the plasivhile providing sufficient transparency to maintain

scintillator efficiency and energy resolution.

Grant applications responding to this topic must state (1) the current sibtbe-art, in terms of relevant
specifications, as well as the performarg®al of the proposed advance in terms of those same
specifications; and (2) address the commercialization path of the coating capability developed. Due to the
small market potential of treaty monitoring technologies, this call is focused toward alre&tingor

emerging commercial products for other applications that could be modified/ enhanced for treaty
Y2YAU2NRAY3I | LI AOFGA2yad ¢KS NBadzZ GAy3a aGNBI G
provide a performance advantage that would alsmbfit the original market and thereby leverage

existing markets.

Questiong; Contact:Leslie Caseleslie.casey@nnsa.doe.gov

. Other

In addition to the specific subtopics listed above, NDD invites ggaplications in other areas relevant to
this Topic.

Questiong; Contact:Leslie Caseleslie.casey@nnsa.doe.gov

ReferencesSubtopic a:

1. Maceira, M., Blom, P. S., MacCarthy, J. K., et al, 20&iids in Nclear Explosion Monitoring Research
& Development A Physics PerspectiMeos Alamos National Laboratory. 169. doi:10.2172/1355758
http://dx.doi.org/10.2172/1355758

2. Blackberg, L., Fay, A., Jogetial, 2011])nvestigations of Surface Coatings to Reduce Memory Effect in
Plastic Scintillator Detectors Used for Radioxenon Detedioglear Instruments & Methods in
Physics Researctiolume 656, Issue 1, p. 84.d0i:10.1016/j.nima.2011.07.038
http://dx.doi.org/10.1016/j.nima.2011.07.038
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3. Air Force Technical Applications Center, U. S. Air Force.
http://www.25af.af.mil/About-Us/FactSheets/Display/Article/333995/afiorce-technicatapplications
center/

3. HIGH PRECISION INDBR TO PREPARE NWRLEORENSICS SDARDS

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applicatidit3:

The Office of Nuclear Detonation Detection (NDD) is requesting research to impeogeetiaration of
samples for nuclear forensics studies and exercises. The application requires (1) high precision mixing of
standard solutions containing radioactive materials (up to 10s of MBqQ) to exact (>97% accuracy)
concentrations and (2) deposition mésulting liquids (microliter quantities) onto paper or other substrates
with high reproducibility of quantity delivered, spot size and uniformity. Such a high precision, high
reproducibility system could have potential applicability to other commungigsh as the pharmaceutical and
food-additive industries.

a. Capability for Production of Standards of Mixed Solutions
Nuclear Forensic sample solutions to be mixed and delivered will be comprised of diluigpfsub
concentration) actinides, lanthanides anm@msition metals in mineral acids (e.g. HNO3, HCI or HF). The
concentration of the acids in water media may range from dilute to higbhcentrated acid matrices.
Typical acid matrix solution after mixing will b& 21 (molar) HNO3 and/or HCI. For demivason of the
operation and performance of equipment, noadioactive surrogates of lanthanide and transition metal
solutions in mineral acid matrices can be used. Components in contact with solution (or vapor above
solutions) should be compatible withé acid matrices and not contribute to the elemental composition of

the solutions due to corrosion or other degradation pathways. The ideal system would enable mixing of ug

to 6 solutions in parallel, however sequential solution addition may be acceptatweded desired
throughput and accuracy are met.

The ideal system would also be designed to avoid ezostamination between standard solutions. This

could be achieved by designing a system that is constructed with materials that can be easily and cost
effectively cleaned to mitigate cross contamination; comprised of cost effective components that can be
readily replaced and dispositioned as level contaminated waste; or inexpensive enough to be disposed
of in whole (as lowevel contaminated wastg) i.e., a onetime use delivery system.

A desirable feature of an ideal system is absence of @vostamination when switching from one

standard solution to the other. The level of crassitamination can be measured by delivery of a solution
with analytes at the highest concentration typically delivered, followed by flushing, cleaning, or
replacement of components, and delivery of a blank acid matrix solution. The concentration of the
analytes in the final delivered blank must be below 10 ppt, or théhoe detection limit, whichever is

lower. Ideally, the final measured concentration of the analyte should be shown to be below 1{pearts
trillion in blank solutions, as measured by a suitable analytical method. Analytes to be tested can include
uranium, cerium, neodymium, scandium, promethium and gold or platinum.

Another desirable attribute is throughput in the range of 100 mL (delivery) per 24 hours, with attended or
unattended operation of the production system. It is further desired to use ingiitandard containers
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for high-precision elemental analysis measuremeqise. 1350 mL centrifuge/digestion tubes —or up to
500 mL bottles (polypropylene or Teflon®). In addition, a solution containment in order to minimize the
spread of a spill, shoulshe occur when loading/ reloading solutions would be a significant improvement.
A tabletop system that can be inserted into a fieet laboratory fume hood or fully enclosed and
exhausted through suitable ventilation is also desired.

Questiong; Conta¢: Thomas Kiesghomas.kiess@nnsa.doe.gov

b. Other
In addition to the specific subtopics listed above, NDD invites grant applications in other areas relevant to
this Topic.

Questiong; Contact:Thomas Kiesghomas.kiess@nnsa.doe.gov

ReferencesSubtopic a:

1. Inn,K. G. W.JohnsonC. M.,Oldham W, et al, 2013, TheUrgent Requirement for New
RadioanalyticalCertfied ReferenceMaterials forNuclearSafeguads, Forensics, andonsequence
ManagementJournal of Radioanalytical and Nuclear Chemisttglume296, Issuel, p. 522.
https://link.springer.com/article/10.1007/s1096012-1972-y

2. Environmental Expres2017,Digestion vessels|vials and tubes | Environmental Express
http://www.envexp.com/products/#General Lab Supgpk/VFVials and Tubes/CURS5
Digestion Vessels

3. ThermoFisher Scientific, Nalgene(TN&rrow-Mouth Teflon(TM) PFAottles with osure
https://www.thermofisher.com/order/catalog/poduct/1630-0004

4. Labconco2017,Five Foot Protector XStream Laboratory Hood 1158bconco, Labconco
http://www.labconco.com/product/5protector-xstreanmlaboratary-hood-5/3749

4. DESIGN AND MANUFAGIING ADVANCES FORGEBASED SENSORS

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applicatidit3:

The Office of Nclear Detonation Detection (NDD) is seeking innovative design ideas and capabilities for
application to future spacéased nuclear detonation detection systems. These systems use a variety of
sensors to continuously monitor the globe to detect, reportdte, and identify nuclear explosions.

a. Diffractive Optics Design & Manufacturing
Optical sensing for nuclear detonation detection involves sgased detection within the visible
wavelength. Emerging optical detectors will leverage unique diffractivespd help enhance and
discriminate signals of interest from other background emitters. Because of the precision required for this
program, new/innovative design and manufacturing diffractive optic techniques are being sought for their
potential benefitto NDDand commercial applications with similar signal discrimination requirements.
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NDD has interest in Point Spread Function (PSF) methods. Tools and techniques to tailor point spread
functions to customize the irradiance profile and increase depth aigaare being investigated. The end
goal of this effort would be to design and fabricate a representative of this diffractive optic able to
withstand typical launch loads as specified in #8MD1540 or the NASA General Environmental
Verification StandardGEVS: GSfST[B7000) with respect to environmental and outgassing conditions
typical of spacéased payloads launched and operating in space.

Grant applications responding to this topic should identify (1) their current siktbe-art in designing

and manufacturing of diffractive optics, (2) their current development and manufacturing process along
with nominal timedurations per step/phase, and (3) evidence to support their ability to meet-MNlxbed
interests. This call is focused toward alreadgtaxy or emerging commercial products which could be
modified or applied/enhanced for NDD applications.

Questiong; Contact:Maj Alan Louiealan.louie@nnsa.doe.gov

. Process Advances in Integrated Circu€)IManufacturing

NDD utilizes advanced integrated circuit design and manufacturing techniques for next generation space
based sensors. Advances in wai@wafer bonding and dito-wafer bonding have been leveraged to

date.

NDD requests process advanaesC fabrication, specifically in higield ThrougkSilicon Vias (TSVs)
applicable to CMOS manufacturing at 90nm, 45nm, or 32nm node sizes. Expectations of repeatable yielc
greater than 70% are being solicited as a current NDD interest.

Other IC procss improvements of interest are in reticle stitching, watf@wafer bonding, precision
singulation, and di¢o-wafer bonding for integrated circuits capable of withstanding a typical launch and
spacebased environment as specified in MBI DB1540 or the M\SA General Environmental Verification
Standard (GEVS: GSFID7000) with respect to environmental and outgassing conditions.

Grant applications responding to this topic should identify the following: 1) the technology of the
proposed IC manufacturingrocess improvement, 2) International Traffic in Arms Regulations (ITAR)
FYRKk2NJ ¢NHzEGSR ! 005448 tNRINIY hFFAOS o6¢ttho SEL
IC manufacturing which may provide some benefit to NDD, and 4) the degreatofity for each proven
process area.

Questions; Contact:Maj Alan Louiealan.louie@nnsa.doe.gov

. Structural Materials Made with Additive Manufacturing Techniques

Additively manufactured (AM) parts offemrany advantages over traditional production in specialized
fabrication such as material efficiency. However there has been little research into utilizing AM to produce
radiation (RAD) hardeneplarts in a single build process. With the advent of éuatal 3D printing,

producing missiofspecific parts that are also RAD hardened in a single step is now feasible. The
combination of the part production and RAD hardening process could lead to further manufacturing
efficiencies in several applications. NDD tpuessting research in AM to fabricate a lomass metal box

with a highZ alloy. The low mass box must be able to withstand typical launch loads as specified in MIL
STDB1540 or the NASA General Environmental Verification Standard (GEVSSTISP00). Thdox

materials must provide improvements over the Aluminum Dose Depth Curve (e.g., withstand a greater
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total ionizing dose than aluminuideally at least 15kRad) to enable use of lower radiation qualified
components inside the box for space environmemguiring a tolerance to 25 kRad total ionizing dose.
Part development and qualification would offer insight into the limitations and capabilities of using a
singlestep process AM technology to make metal boxes with structural integrity using a radiation
shielding metal alloy.

Questions; Contact:Maj. Alan Louiealan.louie@nnsa.doe.gov

d. Other
In addition to the specific subtopics listed above, NDD invites grant applications in other areas relevant to
this Topic.

Questions; contact Maj Alan Louiglan.louie@nnsa.doe.gov

ReferencesSubtopic a:
1. Falcon R.,Goudai) F.,Kulcsar C. et al,2017,Performanceimits of Binary Annular PhaseMasks
CGodesigned foDepth-of-Held Extension,Optical Engpeering Volume56, Issues, 065104
http://dx.doi.org/10.1117/1.0E.56.6.065104

2. HOLOEYR(17,Diffractive Optical Element$iOLOEYE Photonics Atis://holoeye.com/diffractive
optics/

3. RPC Photonic2017,Diffractive Optics definitionrRPC Photoni¢c$nc.
http://www.rpcphotonics.comproduct/diffractive-optics/

ReferencesSubtopic b:
1. 3DIC.org, 201 Direct Bond Interconnect definitiomttp://www.3dic.org/DBI

2. EVG, 2014iptronix and EV Group Demonstrate Submicron Accuracies for \éa¥eafer Hybrid
Bonding EV Grouphttps://www.evgroup.com/en/about/news/2014 05 Ziptronix

3. Allvia 2017 The First ThrougBilicon Via (TSV) Foundmgtp://www.allvia.com

4. NOVATI Technologies, 2016, Advanced Integration Technolbigiesti Technologies, LLC
https://www.novati-tech.com/technoloqgy

ReferencesSubtopic c:

1. Los Alamos National Laborayp 2017 Additive ManufacturingA Method Allowing Unparalleled
Manufacturing Control, Data Visualization, and Higlue Parts Repair, LANS, LLC.
http://www.lanl.gov/org/padste/adeps/materialssciencetechnology/programs/additive
manufacturing/index.php

2. Davies, S., 201RNASA Bveals 3[Printing of RdiationShields on Bigelow Expandable Activity Module
TCT Magazindittps://www.tctmagazine.com/3Bprinting-news/nasaradiation-shieldsbigelow
expandableactivity-module/
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3. Wrobel, J., Hoyt, R., Cushing, J., et al32Ug&rsatile Structural Radiation Shielding and Thermal
Insulation through Additive Manufacturingethers Unlimited, Inc., p. 9.
http://digitalcommons.usu.edu/gi/viewcontent.cgi?article=2926&context=smallsat

4. Thomsen, D. L., Kim, W., Miller, N. A., et al, 28b#ldsl, A Cub&at with a Radiation Shielding
Research Payloallational Aeronautics and Space Administratipn20.
http://mstl.atl.calpoly.edu/~bklofas/Presentations/DevelopersWorkshop2014/Thomsen_Shlei

ReferencesSubtopic d:
1. NASA, 2016Aeronautics and Space Report of the PresidEiscal Year 2016 Activitj@égational
Aeronautics and Space Administration, p. 24i8ss://history.nasa.gov/presrep2016.pdf

2. National Nuclear Security Administration, 20BP8event, Counter, anBespond; A Strategic Plan to
Reduce Global Nuclear Thregty 201#Y 2021U. S. Department of Energy, p. 103.
https://nnsa.energy.gov/aboutus/ourprograms/dnn/npcr

3. Higbie, P. R. arBllocker, N. K., 1993he Nuclear Detonation Detection System on GPS Satelldss
Alamos National Laboratoriattps://www.osti.gov/scitech/biblio/10185731
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PROGRAMREAOVERVIEWOFFICEDFELECTRICIDELIVERANDENERGRELIABILITY

The Office of Electricity Delivery and Energy Reliability (OE) provides national leadership to ensure that the
bridA2yQa SySNHE& RSt AOSNE aeéailikevodevklopn&rQetmBiohiesNdS & A f
enhance the infrastructure that brings electricity into our homes, offices, and factories and to improve the
federal and state electricity policies and programs that shape electricity system planning and market
operations OE also works to bolster the resiliency of the electric grid and assists with restoration when major
energy supply interruptions occur.

l'a GKS €SIR FT2NJ GKS 5SLINIYSYyld 2F 9ySNHe&Qa STF2N.
stakeholdergo ensure that clean energy technologies can be integrated in a safe, reliable, areffeative
manner. OE leverages effective partnerships, solid research, and best practices to address diverse interests
achieving economic, societal, and environnedrabjectives.
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Further information regarding the challenges and needs associatedi K G KS bl GA2y Qa Sy S
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Review

5. ADVANCED GRID TECHNGIES

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applicatidi(3:

The eletric power grid is facing increasing stress due to fundamental changes in both -sighgpgnd
demandside technologies. On the supgide, there is a shift from large synchronous generators (e.g., coal,
nuclear) to smaller units (e.g., ghged turbineg and variable energy resources (e.g., renewables). On the
demandside, there is a growing number of distributed energy resources, as well as the increasing use of
electronic converters in buildings, industrial equipment, and consumer devices. The mugaod control
systems used for operations are also transitioning from analog systems to systems with increasing data
streams and more digital control and communications; from systems with a handful of control points at
central stations to ones with poteially millions of control points. In essence, the grid we have today was not
RSaAA3IYSR FT2N) 2RI Qa NBIdZANBYSyidao

Grid modernization will require the adoption of advanced technologies, such as smart meters, automated
feeder switches, fiber optic and wirelesetworks, energy storage, and other new hardware. It must also
encompass and enable the application of intelligent devices,-gereration components, cybersecurity
protections, advanced grid modeling and applications, distributed energy resources\renvetive
architectures. Integration of these technologies will require a new communication and control layer to
manage a changing mix of suppynd demaneside resources, evolving threats, and to provide new services.

All applications to subtopics undéhis topic should:

1 Be consistent with and have performance metrics (whenever possible) linked to published,
authoritative analyses in your technology space.
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1 Clearly define the merit of the proposed innovation compared to competing approaches and the
anticipated outcome.

1 Emphasize the commercialization potential of the overall effort and provide a path to scale up in
potential Phase Il folloven work.

1 Include quantitative projections for price and/or performance improvement that are tied to
representativevalues included in authoritative publications or in comparison to existing products.

1 Fully justify all performance claims with thoughtful theoretical predictions and/or experimental data.

Grant applications are sought in the following subtopics:

a.

b.

Innovative Technologies to Mitigate Experiencetforkforce Shortages

A big challenge electric utilities will be facing in the foreseeable future is a workforce that is rapidly retiring
and the loss of institutional knowledge. This will create a vulnerability irelbetric grid, especially during
widespread power outages where recovery efforts relies on a team oftvagtled and experienced

personnel. During these critical situations, it will be inefficient and time consuming to have a person with
the relevant exgrience physically travel to several locations to support recovery. This issue will be
exacerbated with a shortage of experienced personnel.

This subtopic is looking for innovative technology solutions, such as augmented reality or virtual reality,
which can be adapted to enable a small number of experieqeexsonnel to supervise or train the electric
utility workforce of the future. For example, a potential solution would allow one person to remotely
supervise multiple crews in widespread locations bfugily moving from one crew to another in a matter

of seconds. Other potential applications include the ability to access information in the field,-timreal
YSSRSR (2 LISNF2NY 662N] &adzOK | & @A NI dz faccésy data NHzO (i
and information; and the ability to rapidly process information and other digitized data. The
aforementioned applications will allow both experienced and less experienced personnel to perform work
more efficiently.

For this subtopic, proposesblutions should have:
1 Realtime visual capability
1 Realtime audio capability
1 Interoperability with other technologies

Applicants are encouraged to consider capabilities and applications such as those described in this
subtopic as well as other innoveé ideas not addressed here.

Questiong; Contact:Stewart Cedrestewart.cedres@hqg.doe.gov

Advanced Protective Relaying Technologies and Tools

L999 RSTFAYSA | LINRGSOGA D 3o det&tdeféctivé ldes arlappNdul or dthep K 2
power system conditions of an abnormal or dangerous nature and to initiate appropriate control circuit
FOGA2Yy®é 1'a GKS SEtSOUNRO LIR26SN a2adsSy O2yidAydzSa
advances in protective relaying solutions to ensure the safe and reliable operation of the grid.

Protective relaying technology has evolved from being based on electromechanical devices, to solid state
and more recently microprocessors. While the technglbgs increased in accuracy and functionality,
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there has also been a reduction in their life expectancy. Reasons for the shorter life range from thermal
effects of power supplies to contact material degradation. Another concern deals with greater pemetrati
of distributed energy resources (DERS) that can result in reverse power flows in the distribution system.
Protective relay sepoints are based on the assumption that the utility will supply fault currents but the
contributions from DERs may result ailfire to operate. Other examples of misoperations can be found
in the NERC Glossary of Terms (see references).

Ultimately, degraded relay performance due to age, improper settings, misoperations, and inaccuracies
present a hazard to the public and uglworkers. This subtopic is looking to develop technologies,
methodologies, processes, materials, or tools that will advance the state of the art of protective relaying.

Desired characteristics and capabilities include:
Longer life spans (e.g., 30 years)
Dynamic, adaptive sgioints
Seltdiagnostics

Lower costs

Detection and prevention of misoperation
Improved fault detection and location

= =4 =4 8 -4 9

Collaboration with protection device manufacturers and utility protection engineers is strongly
encouraged.

Quegions ¢ Contact:David Howarddavid.howard@hq.doe.gov

. Advanced Magnetics for Next Generation Power Converters Used in-Gad Energy Storage Systems
Energy storage systems are becoming more prevaleneitré utility applications by providing advanced
functions such as frequency regulation, power quality enhancement, and dynamic stability support. The
enabling technology crucial to these applications is the power conversion system. With the recent
advanes in wide band gap (WBG) semiconductor devices (e.g., SiC and GaN), new converter topologies
are emerging that leverage their high switching frequency, high junction temperature, and high
breakdown voltage capabilities. For example, high frequency (20@dHz) link converters with dual

active bridge technology can significantly reduce the size of the system while providing galvanic isolation.

However, the magnetic cores available today are not optimized for high frequency applications. For
example, sdfferrites are low cost with reasonable loss performance but suffer from a low saturation
magnetic polarization (Js), which severely limits their power handling capability. On the other hand, silicor
steels offer a high Js but are plagued by large losskgh frequency. Some of the best performing

materials in terms of losses at high frequency are amorphous and nanocrystalline Fe and Co based alloys
However, the Js of these materials falls short of silicon steel and their manufacturing processesprives
cost, limiting their widespread use.

Additionally, most energy storage power conversion systems offérede AC output at 480AC with a
DC input voltage range of 600 to 100@C. A 60 Hz transformer is generally used to step up th&/A%D
output to higher voltages for grid connection. The generated waveform from these converters are not a
perfect sinusoid and contains harmonics, which can wreak havoc orugtéansformers and other
equipment. Passive filter are typical used to address this isgtuthb inductive core materials are plagued
by many of the same issues faced in the high frequency link converters.
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This subtopic is looking for advanced magnetic materials suitable for-W#B&l converters applications
with power rating of greater than@0 kW and associated passive filters.

Materials will need to have:

Lower losses in the 1200 kHz frequency range compared to alternatives

High magnetizing polarization to be robust against saturation (Js > 1.8 T)

Lower costs when manufactured at scatempared to alternatives (e.g., soft ferrites)

In the filter application, the ability to withstand a wide range of frequency harmonics while limiting
reactive power generation, losses, and even worse saturation

)l
)l
T
T

Questions; Contact:imre Gyukjmre.gyuk@hg.doe.gov
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PROGRAMREAOVERVIEWOFFICEFENERGEFFICIEN@NDRENEWABIENERGY

5 h 9Qifie of Enerqy Efficiency and Renewable Energy (Ep{iorts earlystage research and
development of energy efficiency and renewable energy technologies that make energy more affordable and
strengthen the reliabilityresilience, and security of the U.S. electric grid.

99w90Qa ¢SOKy2f238 hFTFAOS OGABAGASEA | NBE O2yRdz0GS
businesses), DOE national laboratories, universities, and state and local goverraieREab works with
stakeholders to develop programs and policies to facilitate the deployment of advanced clean energy
0§SOKy2f 23AS4a | YR LINI Shudgé &§uest crdbe uddhere:A & OF £ & S| NJ H
https://www5.eere.energy.gov/office_eere/current_budget.php

6. ADVANCED MANUFACTNRII

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Wggtions:YES

The Advanced Manufacturing Office (AMOX}s://energy.gov/eere/amg collaborates with industry, small
business, universities, and other stakeholders to identify and invest in emerging tectesohdth the

potential to create higkguality domestic manufacturing jobs and enhance the global competitiveness of the
United States.

Applications may be submitted to any one of the subtopics listed below but all applications must:

1 Propose a tightly stictured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;

1 Include projections for price and/or performance improvements that are tied to a baselin&{eP
or Roadmap targets and/or state of the art products or practices);

1 Explicitly and thoroughly differentiate the proposed innovation with respect to iegystommercially
available products or solutions;

1 Include a preliminary cost analysis;

1 Justify all performance claims with theoretical predictions and/or relevant experimental data.

Grant applications are sought in the following subtopics:

a. Intelligent Systems for Materials Design and Discovery
Combinatorial and other higthroughput methods of materials screening provide rapid analyses of large
numbers of samples of diverse materials such as coatings, catalysts, and pharmaceuticals. Although thes
methods provide vast amounts of information, they are unable to elucidate any underlying mechanisms
nor the process for discovering new materials.

The availability of increasing digital computational capabilities and algorithms has dramatically expanded
the possibilities for artificial intelligence and machine learning applications in materials design and
discovery. Combining advanced computing capabilities physics based models in a single platform would
greatly aid in advanced materials research and disgover
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Investigators from small businesses are invited to collaborate with researchers in the materials and
computational sciences to develop systems that are aided by artificial intelligence to expand the ease anc
scope of high throughput discovery methodsK A & & dzo 12 LJA 0aQ 202SO0GA GBS Aa
methods more accessible to investigators who need to develop or improve new materials. This subtopic
aims to allow for the interpretation of data with machine learning to direct the materials s¢avzird

desired objectives.

It is expected that the result of this effort will be a system that can be commercialized and sold to
investigators with specific, proprietary materials development objectives and needs. In addition, an open
source platform ca be developed to share with the greater research community, hosted in a forum such
as GitHub.

Interdisciplinary teams of investigators are invited to submit research proposals for intelligent systems

development in the following areas:

1 Heterogeneous dalyst discovery: All types of heterogeneous catalysts are covered by this subtopic
area, including but not limited to fuel cell electrocataysts and catalysts used in industrial chemistry.

1 Polymer discovery: Large numbers of polymer samples are typacadlyzed for various coatings and
other applications. Intelligent systems would greatly reduce the time needed in combinatorial searches
of polymeric materials for a desired end use.

1 Thin films for energy applications: Applications for thin film semicoteiuand dielectrics used in
photovoltaic applications, fuel cells, etc. are solicited.

1 Other energy related materials: Including but not limited to materials for thermoelectrics,
thermocalorics, magnetic materials, and supercapacitors.

1 Specialty organicompounds: Compounds that have application in diverse end uses, such as the food
and drug industries, and exhibit subtle differences in their specific chemistries by their composition
and configurations.

Questiong; Contact:Brian Valentinebrian.valentine@ee.doe.gov

. Novel EnergyEfficient Dewatering Methods for Cellulosic Nanomaterials

Cellulosic nanomaterial (CNC and CNF) production has transitioned from laboratory to pilot scale, making
feasiblefor their use in a variety of industrial applications; including oil and gas, wastewater treatment,
electronics and others. A significant hindrance for further advancement is their difficulty when drying, as
CNCs and CNFs are not economical to ship Imt@ndes while containing significant water content [1].

We seek novel, energgfficient, dewatering or drying methods that would maintain material properties,
such as particle size, when dried and redispersed [2]. Applications are welcome to proposkecabiviel
systems, heat transfer systems, dehumidification, or chemical treatments, however; it is reported that
mechanical dewatering techniques do not appear to be economical [3].

Applications must focus on the production of dewatered/dried productighlyield using an economic
energy source that is available at competitive industrial rates. The novel method should not be primarily
dependent on heat recovery, and must not include production of byproduct power for sale to achieve the
proposed energy eifiency and cost metrics. That is, factors such as heating method, heat transfer,
containment device, dewatering/drying system design, and material treatments should be novel. Material
handling systems, storage, material supply and shipment requirementdaéhe considered. The

application should include a clear initial economic analysis and methodology to estimate drying cost per
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unit of product produced and compare to an existing drying method [4]. Successful applicants must
demonstrate experience withrgling technology.

The materials, when ready for shipment, should be suitable for high volume applications, such as fiber
reinforcements for thermoplastic products. The application(s) must define the intended end use(s) for the
dried product, and demonsaite knowledge of the manufacturing and end use requirements of those
applications. The preliminary economic analysis should include an estimate of product demand, while the
Phase | work would include a task for a detailed economic analysis as well aseptatesign for the

novel dewatering/drying technology. The application should identify the key technical challenge(s) and
show how proofof-feasibility with statistically meaningful data to support yield, efficiency, and drying
capacity capabilities witle developed.

Questions; Contact:Stephen Sikiricatephen.sikirica@ee.doe.gov

. Thermal Process Intensification for Productivity Improvements

Process heating accounts for more direct energy use #mnother energy consuming processes in
manufacturing, but traditional industrial (thermal) processes can be inefficient, difficult to control and
result in materials and products with compromised quality and performancégL§uch, new and

innovative aproaches are sought that use low/no direct application of heat to transform materials into
higher value products. For example, since electromagnetic (EM) energy interacts with different materials
in unique ways, EM technologies (electrotechnoloplesve he potential to unleash enhanced or entirely
new manufactured products and materials as well as new approaches and processes for producing such
materials.While there are some examples of electrotechnologies that have been adopted by the
manufacturing sedr where mechanisms are well understood (e.g. dielectric heating as the mechanism for
rubber curing by microwave and adhesive curing by rdigiquency), but uptake is limited. In addition,

there is a vast EM spectrum that can be harnessed, there are athee/material mechanisms that could
enable new applications, and the potential of hybrid technologies has not been capitalized upon. For
example, the development aftegrated, enhanced and compact process equipment to synergistically
intensify thermal, nass and momentum processes, has the potential to significantly improve advanced
manufacturing energy productivity [2ZThere are a number of interelated opportunities for greater

utilization of EM technologies and other low/no thermal budget technolggiesnt applications are

sought to develop new approaches targeting areas/issues including:

1 Process/Equipment GDevelopment: Since the material (to be processed) becomes an integral part of

the overall system, the equipment design is far more criticahtimetraditional (heating) processes,
leading to increased ufyont costs.Modeling and Simulation is an integral part of this process.

1 Modeling and SimulatianrComplex EM wave/material interactions plus coupled heat and mass transfer
that varies by mateadl hinders uptake by industry, especially for new applications, as special skills are
required to for simulations, design, engineering, etc.

1 Process Scaldp: There are different low TRL technological barriers that exist at different scales; e.g.,
solvinga technological barrier at smadtale does may not address a barrier at lasgale.

1 Equipment ScaleJp: To date, equipment scalg has been limitedAdvances in cost effective user
friendly equipment for industrial and manufacturing markets are needed example, cost effective
production-scale soliestate power supplies need to be integrated during process/equipment co
development.
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1 Equipment Scal®own: In some cases,are compact, more efficient and less expensive technologies
¢ such as smabBcaleaccelerators; could lead to dvances in precision, uséiendly equipment for
industrial and manufacturing markets.

1 Integral Control Systems: Reathe, in-situ and integrated process monitoring and control systems for
thermal process intensificatiorhat are part of a broader Smart Manufacturing strategy [3].

Grant applications are sought to develop novel means for thermal process intensification technologies to
improve manufacturing energy productivity. Successful applicants should: (1) identifyumdamental
science gaps exist and what new knowledge will be acquired; (2) specify which industry is targeted and
provide a clear and concise justificationvafly the new process/technology best meets the specific
requirements of that application; (3)ethonstrate that the proposed approach will have an impact on
overall energy productivity; (4) include an economic analysis that accounts fetdongmplications; and

(5) demonstrate the ability of the applicant to proceed to a demonstration of techiyolaapility under a
Phase Il project.

Questions; Contact:Joe Creskqgpe.cresko@ee.doe.gov

. TECHNOLOGY TRANSBERORTUNITrocess for the Synthesis of Precision Nanoparticles

Supercritical fluid extraatn offers a more environmentally friendly, castmpetitive process for

producing nanopatrticles than traditional methods, which include attrition, pyrolysis and hydrothermal
synthesis. By exposing singleurce precursors molecules containing elements moected by a single
chemical bond to carbon dioxide in a supercritical state, researchers at Idaho National Laboratory and
Idaho State University have developed a process to produce uniform nanopatrticles at desired sizes rangit
from 1nm to 100nm (+/0.2nm). Instead of using high temperature, the process takes place at around 65
degrees Celsius, saving significant amounts of energy. While the patented method using supercritical fluic
was originally conceived as a process for making nanomaterials fioeffestive and high efficiency
photovoltaic cells, the process is recognized to have potential in producing nanoparticle based materials
for microelectronics, magnets, thermoelectric devices, and also for catalysts in the advanced
manufacturing of platfam chemicals. The promise of this breakthrough technology was recognized in
2009 with an R&D 100 Award.

This Technology Transfer Opportunity seeks to leverage the precision nanoparticle technology developed
at INL and ISU for the commercialization of agess to synthesize new catalyst, thermoelectric and/or
semiconductor materials. The ideal candidate for this TTO opportunity will have identified target material
compositions with the desired stoichiometry and crystallsticture(s) of the desired nanopgile

product(s). The targeted outcome will be demonstrating the feasibility of using the precision nanoparticle
process for the production of nanoparticle based materials.

For more information please visit:
https://techportal.eere.energy.gov/technology.do/techiD=886
https://factsheets.inl.gov/FactSheets/Precision_Nanoparticles.pdf

Licensing Inform#aon

Idaho National Laboratory Information

Contact: Ryan Billsy@an.bills@inl.goy208526-1896)

License type: Exclusive or NBRclusive, please include description of intended field of use in proposal.
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Patent Satus: U.S. Patent No 8,003,07Blethods for forming particles from single source precursors,
Issued August 23, 2011.

Questiong; Contact:Tara Gonzaletara.gonzalez@ee.doe.gov

References: Subtopic a:
1. Mueller, T.Kusne A. G., anRamprasadR., 2016Machine Learning in Materials Science: Recent
Progress and Emerging Applications,iB&s in Computational Chemistry, Volume 29, p.-288.
http://ws680.nist.gov/publication/get pdf.cfm?pub id=915933

2. Lookman, T Alexander F. J.Rajan K. (eds.), 2016, Information Science for Materials Discovery and
Design, Springer Series in Matds Science, New YQriSBN: 9783-319-238708.
http://www.springer.com/us/book/9783319238708

3. Office of Energy Efficiency and Renewable Energy, About the Energy Materials Network, U. S.
Department of Energynttp://energy.gov/eere/energymaterialsnetwork/about-energymaterials
network

4. Office of Energy Efficiency and Renewable Energy, 2017, Artificial Intelligence: The Future of New
Materials Disceery, U. S. Department of Enerdmtps://energy.gov/eere/amol/articles/atrtificial
intelligencefuture-new-materialsdiscovery

References: Subtopilb:
1. Peng, Y., Gardner, D. J., and Han, Y., 2012, Drying Cellulose Nanofibrils: In Search of Suitable Metho
Cellulose, Volume 19, p. 9D2.https://link.springer.com/conent/pdf/10.1007%2Fs1057011-9630

Z.pdf

2. Deleris, I. and Wallecan, J., 2017, Relationship between processing history and functionality recovery
after rehydration of dried cellulosbased suspensions: A critical review, Advances in Colloid and
InterfaceScience, Volume 246, p-12.
http://www.sciencedirect.com/science/article/pii/S0001868617301264

3. USDA Forest Service, National Nanotechnology Initiative, 2014, Cell@losmbterials A Path
Towards Commercialization Workshop Report, Washington, D. C.
https://www.fpl.fs.fed.us/documnts/pdf2014/usforestsenac nih_2014 cellulose _nano_workshop re

port.pdf

4. De Assis, C. A., Houtman, C., Phillips, R., et al, 2017, Conversion Economics of Forest Biomaterials: F
and Financial Analysis of CNC Manufacturing, Biofuels, Bioproducts, and Biorefueling, Voluroe 11, Iss
4, p. 682700.http://onlinelibrary.wiley.com/wol1/doi/10.1002/bbb.1782/abstract

References: Subtopic c:
1. U. S. Department of Energy, 2015, Process Heating, Quadreaadiaology Review 2015, p. 34.
https://energy.gov/sites/prod/files/2016/06/f32/QTR2016I-ProcesHeating.pdf

2. U. S. Department of Energy, 2015, Process Inteasin, Quadrennial Technology Review 2015, p. 28.
https://energy.qov/sites/prod/files/2015/11/f27/QTR2016}Procesdntensification.pdf
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3. U. S. Departmnt of Energy, 2015, Advanced Sensors, Controls, Platforms and Modeling for
Manufacturing, Quadrennial Technology Review 2015, p. 21.
https://energy.gov/sites/prod/files/2015/11/f27/QTR2016CGAdvancedSensorsControlsPlatforms
and-Modelingfor-Manufacturing.pdf

7. ADVANCED MANUFACTNRII: ATOMICALLY BRSE MANUFACTURING

Maximum Phase | Award Amount: $2@80 Maximum Phase || Award Amount: $00,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | ApplicatidiisS

The Advanced Manufacturing Office (AMOi}fs://energy.gov/eere/amg collaborates withindustry, small
business, universities, and other stakeholders to identify and invest in emerging technologies with the
potential to create higkguality domestic manufacturing jobs and enhance the global competitiveness of the
United States.

Applicatiors may be submitted to any one of the subtopics listed below but all applications must:
1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;
1 Include pojections for price and/or performance improvements that are tied to a baselineiy&2P
or Roadmap targets and/or state of the artgglucts or practices);
1 Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
1 Include a preliminary cost analysis;
1 Justify all performance claims with theoretical predictiamsl/or relevant experimental data.
Atomically precise manufacturing is the production of materials, structures, devices, and finished goods in a
manner such that every atom is at its specified location relative to the other atoms, and in which there are
defects, missing atoms, extra atoms, or incorrect (impurity) atofksoadmap describing pathways and
applications was published in 2007 [1]. At an Advanced Manufacturing Office workshop in Berkeley in 2015
[2], participants identified two specific ppi®nal assembly methods for achieving this extraordinary level of
precision: (1) tigpased positional assembly using scanning probe microscopes, and (2) integrated
nanosystems using molecular machine components.

Both approaches have considerable chadjes to implementation, including positional accuracy (which is
influenced by factors such as component stiffness and thermal vibration), repeatability, working tip design an
synthesis, suitable building block design, transport of molecules to the waikingnd scalability. New

molecular components must be developed for integrated nanosystems, as well as new and advanced
technigues to assemble these components.

Grant applications are sought in the following subtopic:

a. Molecular Machine Advances
Molecular machines have received considerable attention in recent years, notably for the 2016 Nobel Priz
in Chemistry [3] and the Nanocar race competition [4]. In biological systems, molecular machines such as
ribosomes, DNA polymerase, and ATP synthase aré@plecess molecules to build new molecules. The
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bacterial flagellar motor is an elegant example of an atomically precise molecular machine that is able to
convert the transport of ions into motion [5, 6]. Molecular machines such as the-agtisin systen in

human muscles operate as part of a coordinated network to effect motion at the macroscale. In similar
fashion, it is the integration and coordination of molecular machines that will propel key advances in
atomically precise manufacturing.

Advances imolecular machine design and integration will be considered for fundingyeabgoal could
be an integrated nanosystem [2] that would:
1 transport individual feedstock molecules to a workspace (actively or passively);
1 modify or chemically activate the déestock (if required) to prepare it for an assembly
operation;
1 manipulate or transport the feedstock to the attachment point at a specified atomic position;
1 chemically bind the feedstock to a growing structure or device at that attachment point; and
1 repeatthe operation a sufficient number of times to synthesize a product with no defects.

By addressing a critical pathway toward enabling meaterials with an order of magnitude improvement

in strength (near the theoretical limitshis research providethe platformto enable the military of the

future with materials that can't be engineered today. These uitrmng materials would similarly find
application in transportation lightweightin@ther high impact energy applications include atomically
precisecatalysts for chemical processes and atomically precise membranes for desalination {\Bia¢egy
Nexus). This foundational technology also supports American security by enabling advanced molecular
electronic computer circuits and quantum computer circidiscryptographic applications, by advancing

high sensitivity molecular sensors for chemical threat detection, and by enabling new chemical processing
methods for chemical threat remediation.

Responsive proposals will identify specific technologicalllesrin their approach to design, synthesize,

and demonstrate an integrated system of molecular machine components, and show how the milestones
and deliverables proposed for the project will overcome these hurdles. Physical realization of integrated
molecdar machine components is the preferred deliverable, however the Phase | proposal may
experimentally demonstrate overcoming issues at the subcomponent level that eventually lead to the
desired advance in integrated nanosystems. For example, designingiddithd a critical molecular

machine component would be responsive, if the proposal shows how this component would function as
part of an integrated nanosystem for molecular assembly in a Phase Il demonstration. Theoretical studies
alone will not be consited responsive to this solicitation, although may be proposed in complement to
experimental demonstrations.

Questions; Contact:David Forrestgavid.forrest@ee.doe.gov

References: Subtopic a:
1. Foresight Istitute, 2007, Technology Roadmap for Productive Nanosystems.
https://www.foresight.org/roadmaps/

2. Office of Energy Efficiency and Renewable Energy, 2015, Integrated Nanosystems for Atomically
Precise Mauafacturing Workshop, Berkeley, QAtps://energy.gov/eere/amo/downloads/integrated
nanosystemsatomicallyprecisemanufaduring-workshopaugust5-6-2015
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3. Nobelprize.org, 2016, Press Release: The Nobel Prize in Chemistry 2016.
https://www.nobelprize.org/nobel_prizes/chemistry/laureaté)16/press.html

4. National Center for Scientific Research (CNRS), 2017, NanoCantRekeanocar-
race.cnrs.fr/indexEnglish.php

5. Hosu, B. G., Nathan, V. S. J., and Berg, H. C., 2016, llaretriaxternal Components of the Bacterial
Flagellar Motor Rotate as a Unit, Proceedings of the National Academy of Sciences of the United Stat:
of America, Volume 113, Issue 17, p. 4A387.http://www.pnas.org/content/113/17/4783.full

6. YouTube, 2017, The Bacterial Flagellar Mditps://www.youtube.com/watch?v=cwDRZGj2nnY

8. BIOENERGY

Maximum Phase | Award Amount: $1600 Maximum Plase Il Award Amount: $100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | ApplicatidiisSs

The Bioenergy Technologies Office (BETO) has a mission to advance a thriving and sustainable bioeconomy
fueled by innovative technologiebtfps://energy.gov/eere/bioenergy/bioenergiechnologiesoffice). As part

of this mission, BETO is interested in receiving proposals in any one of the subtopics listed belovs.Th
Department of Energy hopes to exploit the deployment of cheaper and cleaner renewable power as well as
novel celifree biotechnologies to substantially increase the overall carbon efficiency of biomass conversion,
and is seeking grant applicatiortsat propose to demonstrate new technologies and engineered systems that
take advantage of these new conditions and/or technologies to produce a final biofuel or enabling bioproduct
Ultimately, creative pathways and system designs that take advantage stifpulated conditions and/or new
biotechnologies are sought regardless of which manner carbon conversion efficiency is enhanced.

All applications must:
1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;
1 Include projections for price and/or performance improvements that are tied to a baseline (i.e. MYPP
or Roadmap targets and/or state of the art products or practices);
1 Explicitly and thoroughlgifferentiate the proposed innovation with respect to existing commercially
available products or solutions;
1 Include a preliminary cost analysis and;
1 Justify all performance claims with theoretical predictions and/or relevant experimental data.
Grant applications are sought in the following subtopics:

a. Biofuels and Bioproducts from Wet Organic Waste Streams at Relevant Scales
Wet organic waste streams represent valuable potential feedstocks for the Bioeconomy of the Future.
They include, but are not lited to, municipal sludges and biosolids, industrial, commercial, and
residential food wastes, manure slurries, fats, oils, and greases, byproducts from ethanol production, and
other feedstocks not suitable for food uses. These feedstocks often presezdraacid present disposal
problem for municipalities and similar responsible parties. Further, in many cases, they are already being
collected as part of existing waste management practigéisile some of the available energy is currently
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being captured, aignificant amount remains untappétf). These resources thus offpotential
opportunity for conversion into biofuels and bioproducts.

However, these feedstocks are not produced at the scale of traditional petroleum refineries. Further, giver
their high moisture content, longlistance transportation is rarely economically viable. This implies the
need for conversion strategies that are techeconomically feasible at scales that match the available
feedstock volume$" %, While traditional anaerobicigestion is a proven technology, the required capital
expense presents challenges at scales smaller than 5 dry ton€)d&lyus, there is a practical need for

novel alternatives to anaerobic digestion that have the potential to compete economicallyesits of

one dry ton/day or less. Of course, novel solutions have to compete with existing praéficBgproposals

that demonstrate awareness of their competitive position with respect to the current environment are
especially welcomed.

There are amumber of intriguing techne@conomic possibilities in this problem space, including but not
limited to:

1. Anaerobic Membrane Bioreactors (AnMBRs) of various deSi¢s

2. A wide range of solutions involving Microbial Electrosynthesis, including somebiradion
with AnMBR$!216)

3. Feedstock blending strategies with the potential to improve the viability of smsdiale
operations”- 1) Proposals in this area would need to emphasize why their proposed solution
improves on the current state of the tawith respect to cedigestion.

4. Biological processes that produce Volatile Fatty Acids (VFAS) or other biofuel and bioproduct
precursors other than biogas from relevant feedsto@ks'®) Propaals that successfully
addressseparations issues and potealtiproduct toxicity would be particularly welcomé&e?°)

5. Proposed solutions that combine some mix of thermochemical, electrochemical, and biological
strategies in a coherent way with a reasonable prospect of deliveringeffesttive results?),

Ths list is not exclusive. The DOE seeks proposals with a reasonable chance of producing techno
economically viable biofuels and bioproducts from wet organic waste streams at relevant scales within the
timeframe of the SBIR program, and is very open to gmigtnot included in the enumeration above.

Restrictions and Requirements:
Feedstocks:

1 Responsive applications will have proposed systemstitii@e wet organic waste streams as
the primary feedstock to produce fuels, or fuel and product mixtures. ¢&3eg projects should
employ actual (rather than model or synthetic) waste streams as feedstocks by the end of
phase II.

1 Nonresponsive applications will have proposed systems that:

o Utilized a feedstock that could be processed to inputs for food or feetyding waste
glycerol from biodiesel processes

o Utilize algae, even if that algae were grown on wastewater, and dry waste streams, such
as corn stover, or the woody fractions of municipal solid waste

o Utilize feedstocks that are commercially employsdchas yellow greast produce
biodiesel.Brown grease is a responsive feedstock.

Products:
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1 The DOE is interested in projects that present the possibility of producing commercially
relevant and economically competitive higher hydrocarbons and oxygenatesbiaganic
sources to displacenported petroleum. Examples include, but are by no means limited te, 1,3
butadiene, 1,4butanediol, and medium or higher chain fatty acids. Higher carbon number
hydrocarbons and alcohols in the jet and diesel range are pdaitly encouraged.

1 Hydrogen, ethanol, methane, syngas, and methanol are not allowed as end products, but are
acceptable as intermediates, if the proposal is clear how the intermediates will be incorporated
into processes to produce biofuels or bioproductqursors by the completion of phase Il.

1 Applications that propose syngas as an intermediate must include a clear strategy for

developing an endo-end process to produce biofuels and bioproducts at relevant scales, and

should include a demonstration of s& by the completion of phase I

Renewable diesel is strongly preferred over biodiesel as an end product.

Additionally, proposals that strive to complete the conversion of relevant feedstocks to jet or

diesel blend stocks suitable for incorporation intisting refinery processes by the end of the

proposed project are particularly encouraged.

= =

Systems:
91 Successful applications will propose to develop and run pilot systems at a relevant scale (e.qg.,
5¢50 L reactor volume) by the end of phase II.

Questions; Contact:DavidBabsongdavid.babson@ee.doe.gov

. Rewiring Biomass ConversioNovel Strategies to Substantially Enhance Biomasgh@a Conversion
Efficiency

Achievinggiomass demands to maintain a robust agrdwing bioeconomy sustainably will place
additional burdens on fertile land required for terrestrial crop productibhy and will necessitate
AYONBI aAy3 GKS I yRIOBiom&F chrivédion @chnolbdieR dampe dptindizedtd R
maximizecarbon conversion efficiency in which the greatest amount of feedstock carbon is directed to
desired products without unnecessary £28olution or side reactions, and, in the case of biologically
catalyzed conversions, excessive biomass accumulation derimgntation.

There are a number of strategies that could be pursued to substantially enhance the carbon efficiency of
biomass conversion processes. Soméuhe, but are not limited to, JL.celHree biocatalytic systems that
avoid carbon needs for hieactor biomass accumulatidB], 2) traditional wholecell platforms that have
engineered mixotrophic pathways designed to direct otherwise wastedt@fdels and product§], and

3) engineered platforms using mixed microbial consortia designed to ddas® multiple reaction steps

and perform disparate conversions simultaneously.

An important consideration for designing future biomass and chemical conversion systems is the large
scale andapid deployment of renewable power such as wind and saelarchis driving downthe costof
power [5], and presenting an opportunity to leverage cheap electricity to enhance carbon conversion
efficiency. Bhandngthe carbon conversion efficien@f biomass systems through the strategic use of
electricity could seve as a mechanism to substantially increase the effective land yield of renewable
carbon for a growing bioeconomy, andn some configurationg offer opportunities to enhance grid
reliability and stability by allowing for dynamic energy storage in qatimnds[6] [7].
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The U.S. Department of Energy hopes to explagiagh domestipower as well as novel cdtiee
biotechnologies to substantially increase the overall carbon efficiency of biomass conversion, and is
seeking grant applications that prope to demonstrate new technologies and engineered systems that
take advantage of these new conditions and/or technologies to produce a final biofuel or enabling
bioproduct.

Ultimately, creative pathways and system designs that take advantage of pludaséid conditions and/or
new biotechnologies are sought regardless of which manner carbon conversion efficiency is enhanced.
Other items for applicants to consider include:

T

T

Although the engineered system can combine multiple conversion technologiesyénallo
conversion process being optimized must make use of a biocatalytic step.
¢CKS 0A20F (1 t &4 ATONBSIESL IO YO y3a oiSK a0 SK & Ol y ¢
enzyme and does not require a viable organism.
While applicants can asswathat the electricity used is both cheap/surplus and {cavbon,
applications should address the energy efficiency of the system while understanding that
carbon conversion efficiency is paramount.
Successful applications will minimize the ratio of regdienergy inputs to the energy potential
of proposed outputs and justify greater electrical requirements with greater biomass carbon
conversion efficiencies.
Beyond electricity, other external system energy sources, such,asddencouraged as long as
electricity is assumed to facilitate its production and this step is included in any techno
economic and lifeycle assessmentslo renewable energy or carbon credits may be included
in such assessments.
. S@2yR GOFND2Yy STTAOASYORAEZY H ALK SATOR AYQIAAS yadkes
products and processing routes that take advantage of inherent structural and compositional
gualities of the biomass feedstock.
All nonfood biomass are responsive as well as:

0 Cellulosic biomass, cellulosic hydrolysateganic wet wastes, waewater and

wastewater solids
o Biogas
0 Reduced carbon intermediates from the direct reduction of atmospheric or industrially
emitted CQ

Systems that utilize biogas showddress directing both Gldnd CQto products in order to
enh- yOS (KS adeaidsSyQa 20SNIftt OFNb2y SFFTFAOASY
Hydrogen, ethanol, methane, syngas, and methanol are not allowed as end products, but are
acceptable as intermediates, if the proposal is clear how the intermediates will be incorporated
into product.
Successfiuapplications should propose technologies that, by the end of Phase I, could operate
at a sizeable biomass throughput at 100 L reactor volume and preferably greater.
By the end of Phase Il, projects must present a preliminary teelsooomic analysis (AE
which associates minimum fuel selling prices (MFSPs) to various electricity and carbon prices,
and specifically what prices (perhaps even negative electricity and carbon prices) that offer fuel
products at or below $3/GGE. Successful applications willhe how such a TEA will be
performed and highlight data to be obtained in Phases | and Il that would enable the needed
analysis.
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Questiong; Contact:DavidBabsongdavid.babson@ee.doe.gov

. Algae Breeding

Improvement of algal strains to achieve desired operational traits such as high yield, biomass product
optimization, robust resistance to pathogens and other stressors, and ease of harvest has advanced grea
in the past few years due to the use of adead biotechnology tools such as CRISPR/Cas9 gene editing,
growing databases of genome sequences, integrated transcriptomics studies, and traditional genetic
engineering approaches. However, robust approaches for inducing sexual recombination or mating,
deweloping marker assisted breeding, mapping quantitative trait loci (QTL) linkages;roaskng to

stabilize homozygous lines, and the development of sterile lines to fix-tedlitsallmarks of modern crop
improvement- are notably lacking in algal ap@ches to strain improvement. These traditional plant
breeding approaches show great promise for improving algal strains. [1]

The purpose of this sutopic is to develop tools for breeding algae through traditional approaches to
improve phenotypes of intest such as product yield, growth rates, harvest performance, and robustness
in culture. Tools of interest are:

1 High resolution marker databases for strains of interest

1 Approaches for back crossing and developing homozygosity

1 Improved phenotypes

1 Manipulating genetic linkage groups to enhance the stability of introduced traits, and

1 Developing sterility systems to fix traits
Other breediry approaches may be consideréar all approaches, the ultimate objective should be an
improvement over baseline performae of the wildtype strain without the application of genetic
engineering through the developed breeding approaches.

Questiong; Contact:Devinn LambertDevinn.lambert@ee.doe.gov

. SolidLiquid Separatios for Algal Systems

Capital and operational cost reductions are required for algal energy to become widespread. The cost of
solidliquid separation, including algae concentration and dewatering, is a critical driver for initial capital,
energy and resouwe costs of algal fuel and products. Algae grown in open ponds and photobioreactors are
dilute (0.1¢0.5 grams per liter) and currently require multiple concentration steps. Multiple separation
technologies might substitute for these multiple process stéps,only if these technologies are

integrated in an optimal (unit operation) fashion.

The purpose of this subtopic is to integrate commercial processing technologies as a unit operation that
produces slurry with 2€B0% solids from a dilute (0.5 grami&hi or less) algal feed. The applicant should
consider as a minimum the following technology options for integration:

Vacuum Filters

Membranes

Pressure Filters

Hydroclones

Screens and or sieving, and

Gravity tables

gegeeee
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Other technologies, such as floccutatj may be considered, provided the evaluations in the application
consider the cost of the chemicals. For the required comparison of energy and cost parameters, the
applicant must use as a baseline the integration of dissolved air floatation with ceiftiges to achieve
the desired solids concentration. Applications must show a fingB@% reduction in capital cost [1], a
20% reduction in energy demand, and a solids concentration of at least 20%.

Questiong; Contact:Devinn LambertDevinn.lambert@ee.doe.gov
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| Accepting SBIR Phase | Applications: YES | Accepting STTR Phase | Applicatidfzs |
Residential and commercial bRik y 3a | OO02dzyd F2NJ Y2NB (GKIy nm:r 27F
of electricity use, resulting in an annual national energy bill totaling more than $430 billion. The U.S.
5SLI NGYSYy(d 2F 9ySNHeEQa . dzA f RA y Joviectehkigirdyd) B WokkBgin h FF
partnership with industry, academia, national laboratories, and other stakeholdetewelop innovative,
costeffective energy saving technologies that could lead to a significant reduction in building energy
consumptiong R AYLINR ZS G(GKS INARUE NBfAlFLoAfAGE o0& NBRdAzO
goal is to reduce aggregate building energy use intensity by 30% by 2020 and by 45% by 2030, relative to tht
consumption of 2010 energgfficient technologiesThe rapid development of nexgeneration building
technologies are vital to advance building systems and components that are@ogietitive in the market, to
YSSG .¢hQad o0dzZAf RAYy3a SySNHE dzaS NBRdAzOUG A 2 dustdes. | f a =
Moreover, by cutting the energy use of U.S. buildings by 20%, the American people could save approximatel
$80 billion annually on energy bills. And, money saved on energy costs flows to other sectors of the economy
which can lead to the creatioof new jobs.

Applications may be submitted to any one of the subtopics listed below but all applications must:

1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, aredquantitative;

1 Include projections for price and/or performance improvements that are tied to a baseline (i.e: Multi
Year Program Plan (MYPP) or Roadmap targets and/or state of the art products or practices);

1 Explicitly and thoroughly differentiate th@oposed innovation with respect to existing commercially
available products or solutions;

1 Include an energy savings impact and preliminary cost analysis;

1 Fully justify all performance claims with thoughtful theoretical predictions or experimental data.

Grant applications are sought in the following subtopics:

a. Innovations in Opaque Building Envelope Performance
More than 40% of US primary energy and 70% of electricity was consumed in residential and commercial
buildings, resulting in annual energy cosif more than $430 billion. Approximately 35% of this
consumption can be attributed to losses through the building envelope, via heat transfer and air
infiltration. More than 25% of that energy, or 10% of total energy use in buildings, is lost due to air
infiltration alone. The building envelope (e.g., walls, roof, foundation, and windows) being the thermal and
mass barrier between the interior and outdoor environment, is thus one of the primary determinants of
energy use to maintain comfort and safety.agesult, developing innovative building envelope solutions
that efficiently reduce and manage energy is paramount to achieve BTO building energy use reduction
goals. To this end, BTO seeks to develop and acceleratgapgtation building envelope tecbiogies
that reduce the amount of energy lost through the building envelope, contribute to improved occupant
comfort, and have low product and installation costs to enable market adoption.

BTO is seeking proposals for hijggrformance and cosgffective huilding envelope technology
innovations with the potential to enable significant reductions in cooling and heating loads. This is an oper
opaque building envelope subtopic and areas of interest include, but are not limited to, the following:
1 Separation Tehnologies:.Low cost separation technologies, such as innovative membranes and
adsorption technologies, capable of significantly improving building energy efficiency and
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enhanced performance of building envelopes. Examples could be smart envelopes fyy ener
efficient dehumidification to enable occupant comfort and envelope durability.

High-Performance Thermal Insulation Technologies for Retrofitting Existing Buildibgs:
Cost>RMHKAYOK 061 I' ndamMH 2kYwYOL 2N KAhAtK&S KNS 0 dzA
added to walls of existing buildings with a simple payback period for retrofit projects ideally less
than 5 years but no more than 10 years. Insulation materials must be able to meet existing
durability (fire, structure, moisture, acoustic codejjuirements, and minimize occupant
disturbance (e.g., amenable to quick and easy installation compared to existing technologies).
This material must be applicable for wall insulation, but can also be applicable for other
portions of the envelope. The inktion innovation should have a simple l@most, scalable
manufacturing process to develop a viable retrofit insulation that provides high R/inch thermal
insulation costeffectively.

Selthealing or puncture mitigating solutions for vacuum insulation pas (VIP) or modified
atmosphere insulation (MAI)VIP and MAI panels consist of an ogmare material that is
vacuumenveloped by a barrier foil that prevents the entry of air and water vapor and can

attain R/inch values over 35. However, because theywaoeiumenveloped, VIPs and MAI

come in precut forms and cannot be cut or modified at the building site, and also are vulnerable
to being punctured by nails or screws, which would reduce their R/inch value by over 80%.
Innovative technologies are being gt that would reduce and stop the loss of vacuum and

thus keep the Rralue per inch intact by repairing or mitigating cuts and punctures during
handling, installation, and use.

Air leak detection for new and existing building enclosurésfiltration diagnostic technologies
are used to measure the infiltration of air through the building envelope windows. While
infiltration diagnostic technologies do not themselves correct infiltration problems in buildings
and thus save energy, they are a valuable toolcharacterizing infiltration issues in a given
building, and the test results can be used to estimate the energy savings potential of an
infiltration remediation effort. Of particular interest are technologies that can reduce variability
in test resultsyeduce the complexity and effort required for medium/large commercial
buildings, reduce disruption to building occupants from testing, and/or enable testing of
incomplete facades and facade sections during new construction for quality assurance. The
diagrostic technology should also be able to locatel quantify dispersed leaks in the building
envelope accurately and repeatedly (i.e., provide quantitative location and extent of
infiltration), require minimal setup and teatown effort and require no presse differential,

be fast and accurate (> 10,000 sqft per hour at 2mm leak detection accuracy), and be accurate
regardless of outdoor weather conditions.

Tunable Dynamic/Variable and Directional Material®ptical, hygroscopic and insulation
materials tha can be tuned to allow for selective flow of moisture, air, and heat, as well as
dynamically adjusting their properties in anticipation of future environmental variables. E.g.,
filter, diode, switch, and transformer, such as vapor diogé&slored permeace vapor retarder
technology to separate moisture from interior air within wall assemblies and thermal switches
that change from a barrier to a connector over time or with a change in conditions.

42



1 Advanced AirSealing Technologies for Existing BuildinBgvelopment of advanced asealing
technologies designed specifically for use in existing buildings to drastically reduce infiltration
or exfiltration of air and other flows. A negeneration airsealing methodology will require
new thought processes dmow heat, air, and moisture flow are interrelated and how to best
regulate them in order to improve overall buildihgvel system performance, as opposed to a
more traditional strategy that focuses on component improvements. Most importantly, to be
suitabk and costeffective for existing buildings, these technologies should minimize envelope
disassembly and installation complexity, and thus, occupant disruption. The proposed
technologies must be able to meet or exceed durability (existing or proposedtfivefure,
moisture, and acoustic) requirements. They must also have the ability to seal more dispersed
and difficultto-find leaks and help to meet the following cost and performance targets.

o Performance Target (reduction in air infiltration):

a. Residental <1 ACH50 (air changes per hour at 50 Pa of pressure)
b. Commercial < 0.25 CFM75/ft2 (cubic feet of air per minute per square foot sealed
surface area at 75 Pa of pressure)

o0 Cost Target:

A < $0.5/ft2 finished floor

Questiong; Contact:Sven Mummesven.mumme@ee.doe.gov

. Transparent Conductive Anodes for Solglate Lighting

Several energgonserving technologies of interest to the DOE and the Office of Building Technologies
require conductive materials of advancedmposition and design that perform multiple functions such as
being highly transparent and electrically conductive. One such important example is Organic Light
Emitting Diodes (OLEDs) whose operation depends on efficient charge introduction into yéieooisic

layers and whose optical transmission at wavelengths of practical value is simultaneously very high. The:
seeming contradictory performance requirements are typically satisfied using Transparent Conducting
Oxides (TCOs). Indium Tin Oxide (Pid3¥essing an In:Sn atomic ratio of about 10:1, is perhaps the most
common TCO coating used to manufacture OLED anodes in generic hgitdaposited layer device
designs. This popular choice evolved from the widespread use of ITO in liquid crységisdispich is an
electric field driven device rather than a current injection design such as an OLED. There are many well
documented reasons why ITO is not an ideal anode material for high efficiency OLEDs including
inappropriate work function, difficultyn creating desired patterns, stability, bending on flexible

substrates, availability of high quality Indium and the need to process at high temperatures limiting the
high speed manufacture of integrated ITO substrates. While considerable researchdademtification

of alternative materials or structures for OLED anodes has been completed to date, there appears to be
only limited success. Should an alternative become available that meets or surpasses the price and
performance ratio characteristic O, OLED manufacturers would certainly include it in production
OLEDs for general illumination and other applications.

Proposals are sought to demonstrate novel and innovative yet practical alternatives to ITO anode materia
or designs under this FOMore fundamental, materials research might include promising chemical
alternatives or even physical substitutes to conventional anode placement, orientation or geometry in
OLED device architectures. Successful technical approaches to improve the ppesfandance

relationship of OLED anodes may address the complexities of TCO thin film deposition of constituent met
oxides or alternative conductive surfaces that might be especially relevant to flexible or bendable
substrates. Proposals may also addr@nprovements transparency of constituent surfaces, index of
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refraction matching, and improvement of outcoupling efficiency, chemical or physical stability especially a
high photon flux levels or elevated temperatures.

Irrespective of the technicalpgproach proposed, all successful proposals must demonstrate that the
enabling research completed under this effort will succeed in producing the predicted reduction in
technical risk required to move to successive stages of research. The proposedétfaasshould be
designed to retire significant technical risk and make proof of principle of the proposed approach. Phase
may continue to develop the approach towards successful commercial transition but the fundamental
guestion of penultimate pricerad performance should be well documented and clear in the Phase Il
proposal. If proven successful, eventual commercial development of the approach might occur after the
Phase Il period of performance is complete. The primarily benefit of the researpbrsegh under this

topic must be to the emergent OLED market for general illumination applications but might also
demonstrate crosscutting opportunities applicable to other EERE technologies. Moreover, all successful
proposal must clearly demonstrate th@tential of the subject research to eventually achieve the OLED
device price and performance objectives equal to or greater than those specified in the SSL R&D Plan for
the year in which commercialization is predicted.

Questiong; Contact:James R. Brodk,james.brodrick@hg.doe.gov

. Whole-Building Energy Modeling

Whole-building energy modeling (BEM), phydi@sed simulation of building energy use, is a multi
purpose tool for building energy efficiencytlitraditional applications in architectural design, HVAC
system selection and sizing, enesgfficiency code compliance, asset rating, documentation for erergy
efficiency green certificates and financial incentives, and skex#l analysis for typical g@gs
calculations; and new applications in control algorithm design, fault detection, rprddictive control,
and cityscale analysis. DOE has an established program in the BEM area, withonpea products such
as the EnergyPlus BEM engine and thergiiudio BEM softwardevelopment kit and application, along
with complementary products like the Radiance detailed lighting engine and the THERM package for
detailed envelope simulation.

DOE seeks new BEM applications, services supporting the BEMigmnacttommunity, or innovative
enhancements to traditional tools and workflows. An incomplete list of examples include:
1 Low-cost model acquisition and refinement for existing buildings usingtremttional data
sources.
Novel model input calibration stragies and approaches.
Coupling of BEM with other analysis engines.
New BEM workflows including wédiased workflows.
Applications combining BEM with measured data in novel ways.
New applications of BEM targeting ntnaditional end users such as facility namers.

= =4 4 -4 -2

Use of DOE BEM tools is not required.

Questiong; Contact:Amir Roth amir.roth@ee.doe.gav

. TECHNOLOGY TRANSFER OPPORTUNITY: Subwavelength Coatings and Methods for Making and Usi
Same
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Industry seek advanced optical coatings to selectively block and redirect light. Such coatings enable
energyefficient window films or coatings for buildings, aerospace and vehicles, building envelope
materials, display coatings, and tamgesistant seals. By one @siate, if optical coatings could

dynamically and selectively control both visible and infrared light for windows, building owners could save
up to 20% in cooling costs and up to 30% in annual heating costs. Some window technologies can
dynamically switch étween blocking and transmitting light, but these technologies are not well
established in the market, are prohibitively expensive to produce, and block both visible and infrared
heating, masking the view out the window and preventing natural lightingdttition, no such optical

coatings exist for building envelope applications, displays, or tamper indication uses. PNNL's
electrochromic and thermochromic subwavelength coatings can meet these needs. They are expected to
be scalable to very large sizes (et squared) appropriate for buildings and windows in a-high

throughput roltto-roll fashion and can be manufactured at low cost. These coatings have the potential to
control ultraviolet, visible, and infrared light.

Licensing Information:

Pacific Northwst National Laboratory:

Gontact: Sara Hunts@ra.hunt@pnnl.goy509-375-6555)

License Type: Exclusive

Patent Status: U.S. Patent 9,580,793 Issued February 28, 2017 USPTO
Link:http://patft.uspto.gov/netacgi/nph
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtm|%2FPTQfb2Esi&ml &f=G&I=
50&s1=9,580,793.PN.&0OS=PN/9,580,793&RS=PN/9,580,793

More info: http://availabletechnologies.pnnl.gov/technology.asp?id=446

For a webinar providing a technologyesview and an opportunity to ask questions regarding the
technology and/or licensing information, please join us D&drém 10:00 ang 11:00am pacific time
using the link or phone numbers below.

Join from PC, Mac, Linux, iOS or Androiths://zoom.us/{/532970939

Or Telephone:
Dial(for higher quality, dial a number based on your current location)
US: +1 646 876 9923 or +1 669 900 6833 or +1 408 638 0968
Meeting ID: 532 970 @8

Questiong; Contact:Marc LaFrancenarc.lafrance@ee.doe.gov
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10.FUEL CELLS

Maximum Phase | Award Amount: $1600 Maximum Phase Il Awadimount: $1000,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | ApplicatidiisS
The Fuel Cell Technologies Office (FEX@) | 1Se& O2YLRYSyid 2F GKS 5SLI N

Energy Efficiency and Renewable Energy (EiRiE)lio. The central mission of FCTO is to stimulate the U.S.
economy and global competitiveness by reducing dependence on foreign oil imports and establishing a
domestic power and fuel industry using efficient, reliable clean energy technologies theauly stage

research and technology development. Fuel cells can address our critical energy challenges in all sectors
O2YYSNOALIfXZ NBAARSYUGAFEX AYRdAZAGNRLFE X FyR (NI yaLR

Fuel cell electric vehicles (FCEVs) using hydrogen can achieve sigpificdrat efficiencies than combustion
engines resulting in overall less energy use. Hydrogen can be produced from diverse domestic resources, su
as natural gas, oil, coal, and biomass, as well as from renewables using methods such as direct or indirect
water splitting. In addition to transportation applications, hydrogen and fuel cell technologies can also serve
stationary applicatiors i.e. providing responsive baclp power and other electric and fuel distribution

services improving energy security amtdiability. Thus, fuel cell and hydrogen technologies enable American
energy dominance by safely and efficiently harnessing domestic resources.

FCTO addresses key technical challenges for both fuel cells and hydrogen fuels (i.e., hydrogen production,
delivery and storage). Light duty FCEVs are an emerging application for fuel cells that has earned substantial
commercial and government interest worldwide due to the superior efficiencies, reductions in petroleum
consumption, and reductions in criteria pdbunts possible with fuel cells. Recent analyses project that, if DOE
cost targets for FCEVs are met, U.S. petroleum consumption can be reduced by over one million barrels per
day?. FCEVs reduce petroleum consumption by about 95% in comparison to coneéfitibhduty vehicles

when the hydrogen is producegdom natural gad The areas identified in this topic will enable progress

toward commercializing light duty FCEVs.

Grant applications are sought in the following subtopic:

a. Smart Tanks for Hydrogert@age
Fuel Cell Electric Vehicles (FCEVs) are now commercially available in certain parts of the U.S. and aroun
the world with many of these FCEVs meeting the initial DOE goal of a 300 mile driving range using
conventional Type IV polymer lined 700 bampressed tanks. [1] In addition, there are now
approximately 30 retail hydrogen refueling stations open to the public in California with several more
expected to come online soon. [2] However, growth in the FCEV market beyond early adaptors will requir
significant reductions in the cost of hydrogen fueling. Hydrogen refueling stations face key challenges
relating to capital and maintenance costs as well as station reliability. About 15% of the cost of fueling
stations is due to preooling equipment thathills the hydrogen te40°C [3], such that fills can be
completed in three minutes, in compliance with the SAE J2601 Fueling Protocol feDutgltaseous
Hydrogen Surface Vehicles. [4] feoling to these temperatures also increases performance
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requirements of hydrogen dispensers, which account for 14% of station cost [3] and are the second larges
cause of station maintenance [5]. The requirement to-poel hydrogen gas tel0°C is driven by the need

to offset the temperature rise caused by the heditcompression during fueling. This requirement is

driven by the upper temperature limits (~85°C) of the polymer liner of conventional 700 bar compressed
tanks.

Applications are sought for the development of a smart hydrogen storage tank that can redecen

eliminate the burden of precooling at the hydrogen refueling station without significantly impacting the
performance of the hydrogen storage system. Such a design could be applicable to compressed national
gas (CNG) tanks and other pressurizedsyagems as well. A proposed smart tank must provide a means

to efficiently dissipate/absorb or provide a cooling design to offset the heat of compression generated
during a three to five minute refuel in order to reduce the required station precooling #49°C (T40) to

at least-20°C (T20). Preference will be given to designs that can further reduce (beyond T20) or even
eliminate the need for precooling altogether. Smart tank designs must also take into account adverse
effects on hydrogen storage systegarformance such as added cost, weight, volume, fill time, and impact
on weltto-powerplant efficiency. Given the relationship between pressure and temperature, consideration
should also be given to obtaining a consistent state of charge regardlesdaifstate of charge or

ambient temperature conditions. Applicants should not only explain how the smart tank design will
effectively tackle the heat of compression issue, but also provide preliminary comparisons of their
proposed smart tank designs agaitts¢ DOE baseline 700 bar system which is detailed in the 2015 DOE

| @RNR3ISY |yR CdzSt /Stfa tNRBINrY wSO2NR | mMmpamo 0
¢/ 2ad IyR t SNF2NM|I yIOB A O yiidza Ydzanip ¢ ® a2 Seghaimphd® |y
safety as required by applicable standards for vehicular fuel systems including but not limited to SAE J25°
and the United Nations Global Technical Regulation No.13 (Hydrogen and fuel cell vehicles).

Phase | of this effort is expected tacinde an indepth analysis that includes preliminary smart tank design as well
as specific research, development, and probtoncept component testing of any new components to show they
meet any necessary heat dissipation, heat absorption, cooling,har ebechanisms required by the smart tank
design to enable the reduction or elimination of the precooling requirements at the station.

Phase Il of the effort should focus on the complete smart tank prototype development and testing at a
relevant scale (sde that provides confidence that it can be scaled to full size is preferable).

Questiong; Contact:Bahman HabibzadeBahman.Habibzadeh@ee.Doe.Gov

. Materials and Components for HigRressure Hydrogefas Service

Costcompetitive manufacturing of components used in equipment for fpgessure hydrogen gas service
requires engineering expertise and advanced steel alloys. Materials are selected based on their
compatibility with hydrogen (i.e. toleranad hydrogen induced damage), ability to withstand mechanical
loading (e.g. fatigue cycling at low load ratios), and ability to tolerate extreme pressures and temperatures
Many of the components used at hydrogen fueling stations, as an example, aretdolpeessures up to

875 bar and temperatures frord0°C to 85°C. These components are currently only manufactured by a
small number of companies, and are often not standardized or manufactured in the U.S. The limited
supply chain is consistently ideméifl by stakeholders as a driver of high costs and long lead times of
hydrogen equipment. [1, 2] Moreover, while U.S. companies have potential to secure a competitive edge
in the area of hydrogen equipment (due to proximity to end users and available esg)fi, their limited
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access to the supply chain for individual components may restrict equipment manufacturers from
expanding horizontally into hydrogen.

Applications are sought for the development of cosimpetitive fittings / components used indtt
pressure ¥ 875 bar) hydrogen service applications, with preference given to components manufactured
using novel / low cost manufacturing techniques. Fittings of interest include dispensing nozzles,
breakaway couplings, end connectors, and valves étih bompression and dispensing. Examples of costs
of common fittings in hydrogen service are provided in. [3] Applicants should define the target application
of the fittings proposed, and the service conditions (e.g. pressure, temperature, cycle frecqurehinad

ratio). Proposed technologies should be scalable for-a@bme manufacturing.

Phase | applications should include either:
1 Development of materials that will be incorporated into specific components, and coupon testing of

those materials, or:
1 Development of robust computational models / design of a manufacturing approach to developing full
components.

Phase Il applications should involve use of the manufacturing approach or material developed in Phase |
develop components, and testingofafd S O2YLRySyidad ¢SadAy3a gAtt | A
compliance with the performance requirements of relevant codes and standards (e.g. ASME, CSA, ASTM
and may include fatigue life, burst strength, and/or-g&ssing.

Questions; Contact:Nancy Gdand, nancy.garland@ee.doe.gov

Non-destructive Evaluation Technologies for Steels

Limitations in the sensitivity of nedestructive evaluation (NDE) technologies for steel challenge
component developmentrad maintenance in many sectors, including pressure vessels used in hydrogen
service, nuclear reactors [1], and oil and gas production and refining. Technologies commonly used to
detect flaws in vessels and pipelines include ultrasonic testingy ¥xnagng, electremagnetic acoustic
transducers, and radiographga H 2Disad@antages of these technologies include their sensitivity to
microstructural flaws (particularly when usedfirld), and the robustness and easéuse of models that
subsequently preitt macrostructural damage based on measurements of flaw size. Improvements in flaw
detection in service environments can lower the costs of equipment maintenance, particularly for
equipment that is difficult to access (e.g. underground hydrogen storagsels). Hydrogen storage

vessels currently account for about 14% of the cost of fueling stations [3], and stakeholder engagement
(e.g. through Requests for Information) has indicated significant interest in underground storage vessels.
Underground storag vessels have potential to lower the footprint of fueling stations, which is also of
significant interest to stakeholders. [4] Additionally, improvements in NDE of raw materials can lead to
improved predictions of equipment service life, therein allowiogthe use of materials or designs that

are otherwise assumed to be unsuitable.

Applications are sought for the development of new detection methods, and/or the development of data
processing packages that can predict remaining design life on thedsamsisrostructural flaws.

Applicants should define the intended application of the technology being developed. Technologies
developed should be capable of detecting flaws in three dimensions, at lengths of 10s of microns.
Technologies developed showdtso be capable of tolerating the conditions of the intended service
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application (e.g. 400 bar pressures for underground hydrogen storage vessels), should operate at speeds
that are appropriate for the intended application, and should be tfsendly enowgh for infield use.

Data processing packages developed should be capable of predicting millscaterdamage based on
micron-level flaws, and should be verified with experimentation on multiple microstructures of steel.

Phase may include:

T

T
T

Evaluatiorof NDE technologies currently available for application of choice, and-delect of
technologies to focus on for enhancement of sensitivity. After dgetect, specific modifications that
should be made to enhance accuracy are defined.

Preliminary expemental work to establish viability of a new approach to NDE.

Initial computational modeling to correlate microstructural flaws to macrostructural damage.

Phase Iimay include:

T
)l

Creation and experimental verification of a prototype NDE device
Creation ancexperimental verification of a usériendly data processing package for integration into
an NDE device.

Questiong; Contact:Neha Rustagheha.rustagi@ee.doe.gov
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2.
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http://www.fueleconomy.gov/feg/fcv_sbs.shtml

California Fuel Cell Partnership, 20&ip://cafcp.org/stationmap

Miller, E. L., 2017, Hydrogen Production and Delivery Program Plenary Presentation, U.S. Departmen
of Energy, Fuel Cell Technologies Office, p. 25.
https://www.hydrogen.energy.gov/pdfs/review17/pd000_miller 2017 o.pdf

SAE International, 2016, Fueling Protocols fgiht Duty Gaseous Hydrogen Surface Vehicles.
http://standards.sae.org/j2601 201003/

NREL, 2017, Maintenance by Equipment Tiges://www.nrel.gov/hydrogen/assets/images/cdp
infr-21.jpg

50


mailto:neha.rustagi@ee.doe.gov
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
https://www.hydrogen.energy.gov/pdfs/16004_life-cycle_ghg_oil_use_cars.pdf
https://www.hydrogen.energy.gov/pdfs/16003_ghg_emissions_oil_use_reduction_from_fc.pdf
http://www.fueleconomy.gov/feg/fcv_sbs.shtml
http://cafcp.org/stationmap
https://www.hydrogen.energy.gov/pdfs/review17/pd000_miller_2017_o.pdf
http://standards.sae.org/j2601_201003/
https://www.nrel.gov/hydrogen/assets/images/cdp-infr-21.jpg
https://www.nrel.gov/hydrogen/assets/images/cdp-infr-21.jpg

6. Ordaz, G., Houchins, C. and Hua, T., 2015, DOE Hydrogen and Fuel Cells Program Record, U.S.
Department of Energy, p. 13.
https://www.hydrogen.energy.gov/pdfs/15013 onboard_storage performance cost.pdf

References: Subtopic b:
1. Air Products, 2016, Hydrogen Energy Systems Experi&wgply Chain Challenges, U.S. Department
of Energy, p. 13.
https://energy.gov/sites/prod/files/2016/10/f33/fcto_2016 oh_ fc_symposium_farese.pdf

2. Melaina, M. W, Steward, D., Penev, M., et al, 2012, Hydrogen Infrastrudaneet Readiness:
Opportunities and Potential for Neaerm Cost Reductions, National Renewable Energy Laboratory, p.
61. https://www.nrel.gov/docs/fy120sti/55961.pdf

3. Mayyas, A. and Mann, M.027, Manufacturing Competitiveness Analysis for Hydrogen Refueling
Stations, U.S. Department of Energy, p. 31.
https://www.hydrogen.energy.gov/pdfs/review1l7/mn017 mann_ 20Db7pdf.

References: Subtopic c:

1. Bakhtiari, S., Ramuhalli, P. and Brenchley D. L., 2012, Light Water Reactor Sustainability (LWRS)
PrograntR&D Roadmap for NeDestructive Evaluation (NDE) of Fatigue Damage in Piping, Argonne
National Laboratory, p. 68.
https://lwrs.inl.gov/Materials%20Ading%20and%20Degradation/LWRS Fatigue NDE RD Roadmap.|
f

2. Gholizadeh, S., 2016, A Review of Mestructive Testing Ethods of Composite Materials, Procedia
Structural Integrity, Volume 1, p. 58¥.
http://www.sciencedirect.com/science/article/pii/S2452321616000093

3. Fuel Cell TechnologieOffice, 2016, Cross Cutting Hydrogen Station Infrastructure Review Report, U.S.
Department of Energy, p. ittps://energy.gov/sites/prod/files/2016/07/f33/fcto_x
cutting_h2_stn_infrastr_review_report.pdf

11. GEOTHERMAL

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Heat energyrom the earth represents a nearly inexhaustible and underutilized domestic energy resource. The
hTFFAOS 2F 9ySNHeE 9FFAOASYOe IyYyR wSySglofS 9ySNBHE@
(www1.eere.energ.qov/geothermal) works in partnership with industry, academia, and DOE's National
Laboratories to improve the competitiveness of geothermal power as a baseload, dispatchable, domestic
energy supply. Currently, the U.S. has nearly 3.6 gigawatts el@@iNe) of installed geothermal capacity,
while new technologies such as Enhanced Geothermal Systems (EGS) could enable access to than 100 GW
new geothermal capacity. In addition, U.S. Geological Survey estimates the potential beneficial direct use of
heat from lowtemperature (<90 °C) geothermal resources to be 46.5 gigawatts thermal (GVdthgistent
GAOUK GKS FTRYAYAAOANI GA2YyQa wg5 LINA2NAGASAE Ay ! YSN
geothermal energy resources will help provide aatele, longterm supply of low cost energy, enhance
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security through energy independence and create a stable supply ofplaighg jobs. Development of
R2YSAaUA0O 3IS2GKSNXIf SySNHeé& &a2dz2NDOSa akKz2dzZz R ol |y

One of the areas GTO is interested in is the direct use applications of geothermal heat such as district heatin
and cooling, residential and commercial applications, industrial processes, and agricultural uses. Since lower
temperature heat sourceseyerate electricity less efficiently, direct use applications are an attractive
alternative for low temperature geothermal resources (<90 °C). These resources can come from lower
temperature geothermal reservoirs or from cascaded applications from higimepérature geothermal

resources. One such direct use application is to use the heat from a geothermal resource to treat water
through an innovative thermaligdriven forward osmosis process.

DS20KSNXIf SySNHe& KI & KS -20/8gctidityisourcad. FAccor8irgyoIEIAIdataNS f
geothermal annual capacity factor is the second highest of all utility scale generation technologies, with only
nuclear power being higher. To become more valuable as the amount of intermittent electricityesand
demand response increases throughout the nation, the geothermal industry is exploring the possibility of
providing electricity on demand. Turning baseload geothermal generation into a dispatchable electricity
source would come at the cost of cuttaent and possible adverse long term effects on the geothermal
reservoir, but the benefit of providing the ancillary services to the grid may outweigh these costs. Flexible
geothermal can provide value to utilities in avoided costs such as integratiosniasion, gas transportation,
and storage costs. Operating as a dispatchable source is especially attractive given the fact that geothermal
can produce electricity without incurring additional fuel costs. There is a current example of flexible
geothermaloperation at the Puna Geothermal Venture in Hawaii; however, there remains open questions on
the lifecycle costs of flexible geothermal operation.

Grant applications are sought in the following subtopics:

a. TECHNOLOGY TRANSFER OPPORTUNITY: Low Entthfayn@keForward Osmosis
The Geothermal Technologies Office seeks to partner with a small business to commercialize a novel
Forward Osmosis (FO) process driven bydothalpy geothermal heat. In contrast to Reverse Osmosis
(RO), which utilizes mechani@alergy to create a pressure gradient across a membrane to purify water,
FO can be achieved by utilizing a draw solution to create an osmotic pressure gradient across the
membrane to treat the water. Historically, FO systems have had limited utility bedaasesolutes have
been difficult to separate from the treated water. Researchers at Idaho National Laboratory (INL) have
developed a system for implementing FO using a switchpblarity solvent (SPS) draw solution that can
be easily extracted from thed¢ated water stream and reused.

The Switchable Polarity Solvent Forward Osmosisk8R process can purify water from extremely
concentrated feeds containing salts, organics, inorganics, and biologics and has been demonstrated to:
1 provide osmotic flux aajnst a 226,000 ppm total dissolved solids (TDS) NaCl solution with a
potential to treat higher concentration solutions;
1 increase the water extraction compared to RO systems, leaving a smaller volume of highly
concentrated brine discharge; and
1 reduce membane fouling issues and pretreatment requirements when compared to RO
systems.

INL assesses the SPS process to be at Technology Readiness Level (TRLYrdof of principle has been
tested and validated at an integrated bench scale for anFSPSystm with 1-Cyclohexylpiperidine
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working fluid and a commercially available forward osmosis membrane. The process is designed to be
driven by small amounts of low grade heat (70 °C) and can scale from container sized systems producing
10,000 gallons per daypimillions of gallons per day plant operations. -$FB&can be combined with other
existing water treatment technologies to treat a variety of feed streams.

The market application of this technology is flexible for this subtopic; however, the primargheagy to

drive the system must come from a geothermal source. Some potential markets applications can include,
reducing the volume of produced waters in need of disposal from oil and gas operations; concentrating
geothermal brines for the purpose of eahcing mineral recovery; or treating water for use at a

geothermal power plant such as bledown water for evaporative cooled systems.

To be economical this process would likely need to make use of a readilgble geothermal heat source
that would otherwise be rejected (e.g. as a bottoming cycle on current geothermal operations or using
low-grade heat from oil and gas produced waters). Applications that show the greatest potential to
increase the beneficial use of domestic geothermal energy resountidsenconsidered more favorably.

Licensing Information:
Idaho National Laboratory Information
Contact: Ryan Billsy@an.bills@inl.goy 208526-1896)
License type: Noaexclusive
Patent Status:
f US Patent Appli¢mn No. 13/480,053, BEA Docket No-BA oY daSUiK2Ra&a FyR -
¢CNBFGAYy3a [AljdzARa !'aAy3a {sA0O0OKIoftS {2t @Syia
f US Patent No. 9,399,194, BEA Docket Ney By Y da SGK2Ra&a FT2NJ ¢NBI GA
{2fdziA2yasé AaadzSR Hc WdzZ & HAnmc
f US. Patent PendingApplication No. 15/177,528, BEA Docket NoyBAnY daa S K2R &
{eaiSya F2NJIECNBFGAYy3I + {6AGOKIFotS t2fl NRGE
filed 9 June 2016.

Questions; Contact:Josh Mengergpshua.mengers@ee.doe.gov

. Dispatchable Geothermal Operations

The Geothermal Technologies Office solicits innovations that will enable geothermal energy to be more
widely deployed as a dispatchable electricity source. These atioms can be in developing new

hardware solutions, new systems of existing technologies, or new control algorithms and/or processes.
Some potential areas of interest include: offsetting parasitic loads from normal plant operations during
curtailment, impoving lifetime reservoir performance, and integrating novel storage technology. The
innovation could also take the form of developing an analysis tool that provides a valuation of operating
current geothermal power plants in a flexible mode; however, gpliaation proposing such an analysis
tool must clearly show the ability to monetize their innovation in the commercialization plan.

Essential scope for any successful phase | award is a full tecmmomic analysis (TEA) of the proposed
innovation thataccounts for the costs of curtailment, parasitic loads, storage, and lifetime resource
temperature decline. The TEA must provide realistic assumptions about how utilities will compensate the
ancillary services provided. In order for the award to contimie Phase Il, the TEA from Phase | must
clearly show that dispatchable geothermal will provide significant value to the grid and demonstrate a
clear pathway for the geothermal plant developers/operators to monetize that value.
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Based upon the recommendatiod FNBY GKS [/ FEAF2NYAlL 9y SNHE [/ 2Y)
geothermal (Ref 8.), applications to this subtopic that will enable new development of flexible flash or
steam geothermal plants will be given preference over innovations for existing plahisary / combined

cycle geothermal plants. To be responsive to this subtopic, the applicant must clearly describe in the lette
of intent and application how the primary goal of the proposed project is to enable geothermal energy to
be more widely deplogd as a dispatchable electricity source.

Questions; Contact:Josh Mengergpshua.mengers@ee.doe.gov

References:

1.

Williams, C. F., DeAngelo, J. and Reed, M. J., 2015, Revisiting the Assessment of Glddseumnces
<90 °C in the United States., GRC Transactions, Volume 399.M®://pubs.geothermat
library.org/lib/grc/1032137.pdf

U. S. Energy Information Administration, 20E¥ctric Power Monthly with Data for June 2017, U. S.
Department of Energy, p. 24bttps://www.eia.gov/electricity/monthly/pdf/epm.pdf

References: Subtopic a:

1.

Stone, M. L., Rae, C., Swtwy F. F., et al, 2013, Switchable Polarity Solvents as Draw Solutes for
Forward Osmosis, Desalination, Volume 312, p-1231
http://www.sciencedirect.com/science/articlgii/S0011916412004055

Orme, C. J. and Wilson, A. D., 202&ytlohexylpiperidine as a Thermolytic Draw Solute for
Osmotically Driven Membrane Processes, Desalination, Volume 371,-f3326
http://www.sciencedirect.com/science/article/pii/S0011916415003458

Wendt, D.S., Orme, C. J., Mines, G. L., et al, 2015, Energy Requirements of the Switchable Polarity
Solvent Forward Osmosis (SR3) Water Purification Process, Dasdion, Volume 374, p. &P1.
http://www.sciencedirect.com/science/article/pii/S0011916415300205

Wendt, D.S., Adhikari, B., Orme, C. J., et al, 2016, Produced Watendmééatsing the Switchable
Polarity Solvent Forward Osmosis (SPS FO) Desalination Process: Preliminary Engineering Design B:
GRC Transactions, Volume 40, {261https://www.osti.gov/sctech/serviets/purl/1367836

Adhikari, B., Jones, M. G., Orme, C. J., et al, 2017, Compatibility Study of Nanofiltration and Reverse
Osmosis Membranes with-dyclohexylpiperidenium Bicarbonate Solutions, Journal of Membrane
Science, Volume 527, p. 2285.
http://www.sciencedirect.com/science/article/pii/S037673881632230X

References: Subtopic b:

1.

California Energy Commision, 2016, Proceedings from the California Energy @omgnig Qa t NI
Solicitation Workshop on Identifying Research Priorities on Flexibility and Other Operational Needs for
Existing Geothermal Power Plants. (Written comments by Josh Nordquist, Ormat NV Inc., are
particularly noteworthy http://www.energy.ca.gov/research/notices/20161-28 workshop/
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12.SOLAR

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Acceping STTR Phase | Applications: YES

The Solar Energy Technologies Office (SETO) is a techfordoggd organization established within the Office

of Energy Efficiency and Renewable Energy (EERE) of the U.S. Department of Energy (DOE). Its mission is 1
support the development and application of technology to promote the widespread adoption of solar power
in the USA. This mission is executed through the efforts of tailored programs that collectively form the
SunShot Initiativehftp://energy.gov/eere/sunshot/sunshatnitiative). SETO launched the SunShot Initiative in
August 2010 with the goal of solar electricity becoming pdompetitive with conventional utility sources by
2020. This gal has already been achieved for utiggale photovoltaics, and with continued effort, it is likely

to be achieved for all solar applications. SunShot additionally set a 2030 goal
(https://energy.qov/eere/sunshot/sunsheR030 to further reduce the cost of solar electricity by half, which
would enable solar to costffectively supply a substantial fraction of U.S. electricity demand.

Applications may be submitted to any one of the categorsedi below but all applications must:
1 Propose a tightly structured program which includes technical and business milestones that
demonstrate clear progress, are aggressive but achievable, and are quantitative;
1 Include projections for price and/or performae improvements that are tied to a baseline (i.e.
SunShot targets and/or state of the art products or practices);
1 Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
1 Include a preliminary cost analysis;
1 Justify all performance claims with theoretical predictions and/or relevant experimental data.
In this Topic, SETO seeks applications for the development of innovative and impactful technologies in the
areas of:

a. TECHNGDGY TRANSFER OPPORTUNITY: Devices and Method€fmrBieing a Photovoltaic System
The 2017 changes to 8690.12 of the National Electrical ¢hdesquire that all photovoltaic systems
Ayaaglrftt SR Ay 2N 2y 0dzif RAY 3a ich édddesizReS/oltage WtNih 1LIACR
of an installed module to less than 80V within 30 seconds of rapid shutdown initiation. While this
requirement is currently challenging to achieve in a eftctive manner, NREL has developed a prototype
analog devie which quickly and reliably eenergizes photovoltaic modules in compliance with 8690.12 and
is projected to cost on the order of $0.01/Wattto install. We are looking for partners to scale this
prototype to larger system voltages and to subsequentiyjnercialize and deliver products to interested
parties in order to simplify compliance with the 2017 NEC.

Licensing Information:

National Renewalel Energy Laboratory Information
Contact: Bill Hadleyaill.hadley@nrel.gov, (303) 275 3015
License type: Exclusive

Patent Status: Application Serial No. PCT/US16/50927
Publication date: Mar 23, 2017

Filing date: Sep 9, 2016
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Additional information: https://techportal.eere.energy.gov/technology.do/techiD=1285

Questiong; Contact:solar.sbir@ee.doe.gov

. Cybersecurity for Solar Energy Devices

Advanced cybersecurity may be needed to ensure aecessol, authorization, authentication,
confidentiality, integrity, availability, and nenepudiation for the future smart grid. In this subtopic SunShot

is soliciting research ideas for new hardware and/or software solutions that can improve the cybgysec

of electronic devices associated with the generation of solar energy such as, but not limited to, inverters
DCDC Optimizers, smart meters, etc. Proposed solutions should discuss the component(s) being address
potential threats that will be deteed, method of integration (especially clarifying if it is part of a traditional
PV component for integration at install or a retrofit for a fielded device), how interoperability with other
components is considered and how compromises or attempted com@@srare conveyed to the relevant
parties. Proposed solutions should not be limited to conventional cybersecurity techniques. Proposin
companies are encouraged to think outside the box.

Questiong; Contact:sola.shir@ee.doe.gov

Peerto-peer Energy fansactions

We are soliciting research ideas aimed at decreasing the levelized cost of solar electricity and increasing
the value of distributed generatiofor individual consumerFast growing residential PV solastallations,

which accounted for about 40% of the total U.S. solar energy production in 2016, haveledise of
AYRA@GARdzZE £ S y§hed eonrediéd® thezxidbedh producing and consuming electricity.
Peerto-peer energy transactiotechnologies allow participants (e.g., individual residences, commercial
2LISNYF §2NARAX RA&AGNAROdzISR SySNH& NBaz2dz2NOS a59wé | =
with every other network participant without involving a thighrty intermediary[1]. Because of its focus

2y UKS GLINPAadzYSNEBE NI GKSNIJ GKFYy 2y GKS dziAf AGASSE
meter.

This subtopic is focused on researctetmbk distributed peerto-peer ledgers for operating and
managing edctric power distribution networks with significant DER loadRgsearch to date in this area
has not addressed scalability of the technology, need to reduteeconnection and transaction time
enabling ofload shifting cybersecurityand most importatly has failed to produce technologiesuch as
standardized smart contracts, interoperability between different ledgers, and integration with power
management systemshat could dramatically reducegansaction cost$2].

Proposed research topics shouetlude methods to efficiently track transactions and compensate users,
and that can be incorporated into existing utility infrastructure and community energy systems. We will
consider both softwarenly solutions and applications that control the reishe flow of power. Solutions
should address the following issues:

scalability of the technology;

transparency of the energy transaction process;

decreased interconnection and transaction time compared to current state of the industry;
load shifting enablethrough local/distributed power purchasing;

cybersecurity capabilities;

strong market analysis;

=4 =4 -8 48 -8 4
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1 reduction in transaction costs (possibly <0.1 ¢/kWh);
1 viable commercialization plan.

Research proposals should also include a plan to engage with distrimytstem operators of electric
power distribution networks to accommodate transactive energy markets. Also, the application should
include a description of which existing technologies, platforms, architectures will be leveraged for the
project and the noviy of the proposed solution compared to the state of the art.

In addition, use of smart contracts and decentralized ledgers for local systems that are still connected to
the grid should consider methods to maximize the economic and technological beeédied to local
short-term solar forecasting and dynamic pricing technologies.

Questiong; Contact:solar.sbir@ee.doe.gov

d. Researchn autonomous and augmented systems to reduce solar LCOE
SETQeeks to fundesearch into the use of automation and augmentation technologies for solar system
hardware installation that could significantly reduce solar LCOE [1]. Research in this area is encouraged i
order to explore the potential solution space for use in sola&rgy. The unstructured, complex
environment of typical solar energy sites (i.e. terrain, dusty conditions, and weather patterns) has
prevented the use of automated or humamugmented technologies and approaches, resulting in a
reliance on primarily manugrocesses. Research to explore novel and innovative approaches is necessary
to encourage new ways of solving old and persistent challenges. Exploration under this topic would show
step change in the time and complexity compared to the state of thengrshotovoltaics [2] and
concentrating solar power [3Research proposals of interest will address the following items:
1 Utilization of automation technologies for maximum impact on leaezl cost of electricity
(LCOE)
Significant potential to decreasestallation cost: $/W;
Significant potential to decrease required installation time compared to the current state of the
art: min/W;
Evaluation of the state of technologies required by the solution;
Comparison of predicted costs with costs of traditiomatallation techniques.

1
1
1
il

Questiong; Contact:solar.sbir@ee.doe.gov

References: Subtopic a:
1. Explore the 2017 NEC, National Fire Protection Associdtitm//www.nfpa.org/nec/about-the-
nec/explorethe-2017nec

References: Subtopic c:
1. Barbose, G., Miller, J., Sigrin, B., et al, 2016, On the Path to SunShot: Utility Regulatory and Business
Model Reforms for Addressing the Financial &etg of Distributed Solar on Utilities, National
Renewable Energy Laboratory, p. B2ps://www.nrel.gov/docs/fy160sti/65670.pdf
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2. Jin, X. and Meintz, A., 2015, Challenges and Opportunitiesdosdctive Control of Electric Vehicle
Supply Equipment: A Reference Guide, National Renewable Energy Laboratory, p. 30.
https://www.nrel.gov/docs/fy150sti/64007.pdf

References: Subtopic d:
1. Woodhouse, M., Jonedlbertus, R., Feldman, D., et al, 2016, On the Path to SunShot: The Role of
Advancements in Solar Photovoltaic Efficiency, Reliability, and Costs, National Renewable Energy
Laboratory, p. 43attp://www.nrel.gov/docs/fy160sti/65872.pdf

2. Mehos, M., Turchi, C., Jorgenson, J., et al, 2016, On the Path to SunShot, Advancing Concentrating S
Power Technology, Performance, and Dispatchability, National Renewable Energy Laborathry, p.
http://www.nrel.gov/docs/fy160sti/65688.pdf

3. JonesAlbertus, R., Feldman, D., Fu, R., et al, 2016, Technology Advances Needed for Photovoltaics tc
Achieve Widespread Grid Price Parity, Pregr@ Photovoltaics: Research and Applications, p. 12.
https://energy.gov/eere/sunshot/downloads/technologgdvancesheeded-photovoltaicsachieve
widespreadgrid-price-parity

13.VEHICLES
Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

99w9 Qa =+ SKdgied Office @ BODIEOS//Rrer@y.gov/eere/vehicles/vehickechnologiesoffice)

focuses on reducing the cost and improving the performance of vehicle technologies that can reduce
petroleum dependency, including advanced batteries, electric traction drive systems, lightweight materials,
advanced combustion engines, and advanced fuels and lubricants. Since 2008, the Department of Energy he
reduced the costs of producing electrichvele batteries by more than 50%. DOE has also pioneered improved
combustion engines that have saved billions of gallons of petroleum fuel, while making diesel vehicles as cle:
as gasolindueled vehicles. Continued support in these areas not only imgrove2 dzNJ y' I 6 A2y Qa T
but ensures American prosperity (subtopics A, B, and C), energy dominance (subtopic A) and military
AdzLISNA2NRAGE 0&adzodG2LIAO ! YR .0® LO R2Sa GKA&a oe
and growth vhile supporting job creation in emerging technologies such as autonomous systems, machine
learning, and energy storage; developing technologies with-dsalpotential that can support the military of

the future; and providing energy storage technologieslbwer-cost domestic renewable energy

technologies.

Applications that duplicate research already in progress will not be funded; all submissions therefore should
clearly explain how the proposed work differs from other work in the field.

Applicatiors may be submitted to any one of the subtopics listed below but all applications must:

1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;

1 Include pojections for price and/or performance improvements that are tied to a baseline (i.e.-Multi
Year Program Plan (MYPP) or Roadmap targets and/or state of the art products or practices);

1 Explicitly and thoroughly differentiate the proposed innovation wigspect to existing commercially
available products or solutions;
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1 Include a preliminary cost analysis;
T Justify all performance claims with theoretical predictions and/or relevant experimental data

Grant applications are sought in the following subtopics

a. Electric Drive Vehicle Batteries
Applications are sought to develop electrochemical energy storage technologies that support
commercialization of micro, mild, and full HEVs, PHEVsS, and EVs. Some specific improvements of interes
include the following: aw low-cost materials; high voltage and high temperature reambonate
electrolytes; improvements in manufacturing procesgepecifically the production of mixed metal oxide
cathode materials through the elimination or optimization of the calcinatiom stereduce cost and
improve throughput, speed, or yield; novel SEI stabilization techniques for silicon anodes; improved
cell/pack design minimizing inactive material; significant improvement in specific energy (Wh/kg) or
energy density (Wh/L); and impres safety. Applications must clearly demonstrate how they advance the
current state of the art and meet the relevant performance metrics listed at
www.uscar.org/quest/article view.pgifarticles id=85

When appropriate, the technology should be evaluated in accordance with applicable test procedures or
recommended practices as published by the Department of Energy (DOE) and the U.S Advanced Battery
Consortium (USABC). These test prhaes can be found at

www.uscar.org/quest/article _view.php?articles id=8%hase | feasibility studies must be evaluated in full
cells (not haHcells) greater than 200mAh in siaile Phase Il technologies should be demonstrated in full
cells greater than 2Ah. Applications will be deemed-nesponsive if the proposed technology is high cost;
requires substantial infrastructure investments or industry standardization to be coniatigreiable;

and/or cannot accept high power recharge pulses from regenerative breaking or has other characteristics
that prohibit market penetration. Applications deemed to be duplicative of research that is already in
progress or similar to applicatioméready reviewed this year will not be funded; therefore, all submissions
should clearly explain how the proposed work differs from other work in the field.

Questiong; Contact:Samm GillardSamuel.gillar@ee.doe.gov

b. Exploratory Low Cost Motor Designs for Electric Drive Vehicles
Electric Drive Technologies R&D within the Vehicle Technologies Office has a goal to decrease electric
motors' cost, volume, and weight while maintaining or increasing performagiticiency, and reliability.
To achieve these goals, VTO and its partners are already examining many research avenues, including:
lower-cost permanent magnets and magnetic materials; reduced-eamnth magnet motors; non
permanent magnet motor designand improving electric motor thermal management, performance and
reliability. Many of these approaches and their benefits are described iViBe DRIVE gaership
Electrical and Electronics Technical Team Roadmap

This topic seeks to address the challenge of lower cost motors for vehicle traction through the
development of exploratory motor designs that can significantly reduce the cost of materialfnused
motors that are suitable for vehicle propulsion. Applications should describe approaches to motors that
can significantly reduce material costs and do not require any materials that contain rare earth elements.
Motor costs should strive to achieve 20930 Electric Drive System targets [2] with 55% of system costs
allocated to the motor. These motor designs should differ significantly from current or previous DOE
research projects, and performance claims or benefits need to be supported by sufficigremedical
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modeling and data analysis. Applicants should show a relationship to, and demonstrate and understandin
of, automotive application requirements and environments. Proposals should also describe a cost model
comparing the proposed motor design &baseline automotive traction motor. Projects should aim to
design and simulate a full 100 kW peak capable motor in Phase I, with plans to prototype at least one
motor in Phase II.

Questions; Contact:Steven Boydsteven.boyd@ee.doe.gov

Research on Energy Efficiency in Emerging Mobility Systems

The U.S. transportation system is poised for dramatic change over the next decade, driven by technology
demographic, and societal trends. This transformation isaaly underway: transportation network
companies currently offer ridhailing, ridesharing, and casharing services in most major urban areas,

and vehicle manufacturers are developing new connected and automated vehicle technologies expected
to be commer@lized in the near terniThis transition has the potential to significantly affect

transportation energy consumption for both passengers and freight, though the direction and magnitude
of this impact is highly uncertaji]. These systerevel mobility stutions may be among the most

advanced, coseffective technologies to improve the energy efficiency and environmental performance of
vehicles as the transportation system evolves.

+¢hQa 9ySNHE 9FFAOASYG az2o0Af Ade inudddbilyyinindui9 a { 0
energy future by understanding the significant energy impacts that may result from the coming mobility
transformation, and conducting research to identify and develop the most promising technologies to
reduce the energy used in traparting people and goods. Blyscovering the energy opportunitiemabled

by emerging technologies such as connected and automated systems, machine learning, and high
performance computing, VTO supports innovative mobility solutions that lead to econoomithgand
prosperity[2]. The EEMS Program conduttmsformative energy research not considered by the private
sector, tounlock enormous economic value and improve the affordability of and accessibility to
transportation for all Americanf8]. Different EEMS technology pathways could lead to widely varying
non-additive fuel saving benefits, especiallith increased adoption cdidvanced powertrain vehicles (e.qg.,
hybrid electric and plugn battery electric vehicles)hereforean important federal rolexistsin
encouraging new mobility research that maximizes public benefits.

Applications are sought to develop novel solutions and technologies that enable energy efficiency
improvements in personal and freight mobility by addressing key knowledge glapasd to connectivity,
automation, and machinéearning applications for eroad transportation. Potential solutions should
support a pathway to 50% transportation systewide energy reduction, while maintaining or improving
access to mobilityand may irlude, but are not limited to, the following:
1 Hardware technologies such as:
1 Advanced devices, sensors, and components that use connectivity and automation to significantly
reduce vehicleand transportation systerevel fuel consumption without negativeipnpacting
mobility.
1 Personal mobility concepts that incorporate novel materials and/or powertrain designs, compatible
with a future automated, connected, and shared transportation scenario, that result in transportation
energy savings and mobility systeémprovements.

f Non-hardware solutions such as:
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1 Software and control algorithms that use reaahe data to optimize vehicle or traffic behavior to
achieve energy reductions and mobility enhancements.

1 Computational methods that incorporate artificial intgince or machine learning to identify and
leverage energy reduction opportunities in the transportation network while improving mobility
access.

Applications must quantify the expected energy savings and mobility impacts that directly result from the
proposed technology. Applications deemed to be duplicative of research that is already in progress or
similar to applications already reviewed this year will not be funded; therefore, all submissions should
clearly explain how the proposed work differs frother work in the field.

Questions; Contact:David Andersomjavid.anderson@ee.doe.gov

References: Subtopic a:
1. U.S. Council for Automotive Research, Energy Storage System Goals.
www.uscar.org/quest/article view.php?articles id=85

2. U.S. Council for Automotive Research, USABC Manuals.
www.uscar.org/quest/arti@ view.php?articles id=86

3. U.S. Driving Research and Innovation for Vehicle efficiency and Energy sustainability (DRIVE), 2013,
Electrical and Electronics Technical Team Roadmap, U.S. Department of Energy, p. 24.
https://www1.eere.energy.gov/vehiclesandfuels/pdfs/program/eett_roadmap june2013.pdf

References: Subtopic b:
1. U.S. Driving Research and Innovation for Vehicle efficiency and Energy sustaifizRIN{z), 2013,
Electrical and Electronics Technical Team Roadmap, U.S. Department of Energy, p. 24.
https://www1.eere.energy.gov/vehiclesandfuels/pdfs/pn@m/eett roadmap june2013.pdf

2. Vehicle Technologies Office, 2017, Electric Drive Technologies, Grid, and Infrastructure, U.S.
Department of Energy, p. 22.
https://energy.gov/sites/prod/files/2017/06/f34/edt000_boyd 2017 o.pdf

References: Subtopic c:
1. Stephens, T. S., Gonder, J., Chen, Y., et al, 2016, Estimated Bounds and Important Factors for Fuel L
and Consumer Costs of Connected and Automated Vehicles, Natioral&#da Energy Laboratory, p.
48. https://www.nrel.gov/docs/fy170sti/67216.pdf

2. U.S. Office of Management and Budget, 2017, The Annual Memorandum on Administration Research
and Development Budgétriorities from the head of the OMB and the Office of Science and
Technology Policy.
https://www.whitehouse.gov/sites/whitehouse.gov/files/omb/memoranda/28/m-17-30.pdf

3. Office of Energy Efficiency and Renewable Energy, 2017, The Transforming Mobility Ecosystem:
Enabling an Energy Efficient Future, U.S. Department of Energy, p. 30.
https://energy.gov/eere/vehicles/downloads/transformingpobility-ecosysterareport
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14. WIND

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phds&pplications: YES

tKS hFFAOS 2F 9ySNHE& 9FFAOASYyOé YR wSySsloftS 9y
(https://energy.gov/eere/wind/windenergytechnologiesoffice), seeksapplications for innovations that
significantly reduce the cost of energy from U.S. wind power resources fobksetl, offshore and

distributed wind turbines. The Wind Energy Technologies Office (WETO) is seeking proposals for technology
innovations wih the potential to enable wind power to generate electricity offshore and in all 50 states cost
competitively with other sources of generation.

¢t2RIe&>X 6AYR SYySNHE& LINPOARSAE ySIENIeé c¢» 2F GKS yl
77,000 wind turbines, totaling 992 megawatts (MW) in cumulative capacity, were deployed in distributed
applications across all 50 states, the District of Columbia, Puerto Rico, and the U.S. Virgin Islands. Additional
82 gigawatts (GW) of utilitgcale wind turbines are installed across 41 states plus Puerto Rico and Guam.
Finally, one of the smallest states in terms of both geographic size and installed wind capacity marked a maijc
YAt Salh2yS Ay unmcX Fa G§KS yI UARlotsiandfpfojdiiii Rnade Bland,2 N.
achieved commercial operation. With wind power generation exceeding 10% in 14 of those states, wind is a
demonstrated clean, affordable electricity resource for the nation.

WETO aims to accelerate widespread U.plalenent of clean, affordable, reliable, and domestic wind power

to promote national security, economic growth, and environmental quality. Advancing WETO Research,
Development, Demonstration and Deployment (RDD&D) activities are applicaltiétyescaleland and

offshore windmarkets, as well adistributedturbinest typically interconnected on the distribution grid at or

near the point of enelise. Achieving LCOE goals will support deployment of wind at high penetration levels,
sufficient to meet up to 2% of projected U.S. electricity demand in 2030, and up to 35% in 2050, compared to
over5.5% of demand in 201®OE plays a unique and valuable role in enabling the wind industry and its
stakeholders to meet core challenges to industry growth through iatioa to reduce wind technology costs

and mitigate market barriers enables deployment and drives U.S. economic growth.

All applications must:

1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are agressive but achievable, and are quantitative;

1 Include projections for price and/or performance improvements that are tied to a baseline (i.e. Vision
or Roadmap targets and/or state of the art products or practices);

1 Explicitly and thoroughly differentia the proposed innovation with respect to existing commercially
available products or solutions;

1 Include a preliminary cost analysis and; justify all performance claims with theoretical predictions
and/or relevant experimental data.

Grant applicationsr@ sought in the following subtopics:

a. Innovations in Distributed Wind System Design
Cost reductions, more reliable technology, and consumer friendly business models are making distributed
generation (DGbechnologies (e.g. solar, storage, wimdpre accssible toresidential, commercial, and
industrial powercustomers interestedni selfgenerating their power requirements. To remain competitive
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in this expanding global market, U.S. manufacturers of small and medium size wind turbine technology
must optimie their designs for distributed applications and reduce total installed cOs#&s. the past 10

years, the majority of public and private sector funding for wind turbgsearch and developmeriR&D

has gone towards creating larger and larger wind touehdesigns for utilihscale applications, and

reducing balance of plant costs through standardization. Many of the learnings from these R&D
investments can be leveraged to help U.S. manufacturers develop next generation small and medium sca
wind turbinetechnology for distributed applications, and support the development of standardized
components, such as inverters, towers and foundations, for balance of plant and soft cost reductions

1 Distributed Wind Substructure and Balance of System Cost ReducBatance of system
components (e.g. towers, foundations, inverters) for distributed wind systepasticularly for
small turbines under 100kWcan account for well over 50% of total installed costs. [1, 2]
Moving from oneoff designs for these components standardized design solutions that apply
across a wide range of turbine types and sites has the potential to significantly reduce these
costs. Rather than oneff designs that are optimized for a particular system and location, DOE
is seeking applicants tevelop tower, substructure or other balance of system component
design solution(s) that represent the most ceftective compromise across a broad range of
applications for mass production. Close coordination between distributed wind turbine original
equipment manufacturers (OEMs) and balance of plant component supply chain vendors will be
required. Applicants will be expected to specify areas of technology development as well as
provide commitments from OEMs willing to participate. Applicants shoustilee a detailed
approach for achieving component standardization that leads to high volume component
purchasing, thereby reducing costs and lowering LCOE for a specified size range of wind turbin
designs. Work under this topic area should address dedmgnsubstructure and balance of
system components that can apply across a wide range of turbine and site types for a given
turbine size class (e.g. BD kW), including standardized interfaces between these and other
components to ensure wide compatilyliacross turbine, tower and other component
manufacturers.

1 Advanced, innovative manufacturing technologieSurrently, Wind turbine components are
YIydzZFI OGdzNBER Ay ol 0OK LINRPOS&a&aSazr NI GKSNI GK
most other consumeand commercial capital goods. As current fabrication processes can be
costly and time intensiveyew advanced manufacturing technologies and processes hold
promise for lowering the cost of small and medium wind systems. Régbrancements in
composite naterials, automation, and more efficient manufacturing processes have helped
domestic manufacturers dramatically increase productivity throughout the past de€@E.is
seeking applicants to expand upon these practices, and improve upon or develop ineovat
advanced manufacturing techniques which would reduce production time and cost, without
sacrificing quality or reliability of wind turbine componer{ts 2]

Questions; Contact:Michael Derbymichael.derly@ee.doe.gov

. Innovations inUtility -Scale Performance(1MW or larger)

Currently, 41 of the states in the U.S. have deployed uslitgle wind2 9 ¢ h Q& LINR2 INI YY I A
reduce the unsubsidized market LCOE for utditgle land based wind ergy systems from a reference

wind cost of 5.6/kWh in 2015 to 5.2/kWh by 2020 and 3.YkWh by 2030. WETO R&D has resulted in
significant U.S. wind industry innovation and cost reduction. The research, development and
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demonstration of innovative turbingechnology on the M\Ascale that has been funded by WETO has
enabled costtompetitive utility-scale wind. With untapped utilitgcale land based and offshore wind
markets in all 50 states, the office invests in early stage applied energy science redeaetbpment, and
validation activities for utility scale wind.

T

T

Advanced Manufacturing for OffShore Wind Foundatior3ffshore wind foundation

technology is largely derived from offshore oil and gas experience. While the engineering
principles for offshoreil and gas foundation technologies are appropriate for offshore wind
development, oil and gas platforms are manufactured on aaffidasis. In order to reduce the
cost of offshore wind, serial production must be employed for the fabrication of founatio
DOE is seeking advanced manufacturing technologies and processes in order to facilitate
assemblyline production methodologies of offshore foundations for fixed bottom or floating
applications in order for offshore wind to compete without subsidy. Agaplts must propose
specific advanced manufacturing options that could enable a more rapid production of offshore
wind foundations, driving down the cost of offshore wind energy, including automation,
advanced materials, advanced protective coating tecbgy] etc. Further, demonstrating how
these methodologies could be deployed in ports along the East Coast, where current offshore
wind demand exists and where lapwn space may be limited, would be of interd4t2]

Mooring Systems Innovation and technagjies for Offshore Floating Installation&ased on
industry feedback, the Wind Energy Technologies Office has found that the mooring schemes
for floating offshore wind platforms are extremely technologically challenging in water over
1,000 m deep, resuhig in a mooring system that is not economical. In the United States, there
is approximately 10,800 GW of offshore wind gross potential, and over 60% of that resource is
in water deeper than 1,000 m. In order to unlock that significant potential, applicinusid
propose innovative mooring systems and technologies that are technically feasible and
economical for floating wind turbines iredp waters (over 1000m depth) [1,2].

Innovation in manufacturing, materials and componentsicreasing the capacity faar of a

turbine through lower specific power rotors (longer blades) involves tradeoffs between energy
capture and turbine structural loads, in addition to transportation constraints. Blade
transportation challenges are caused by the difficulty of trangpgrong, wide blades around
turns, through narrow passages, and beneath overhead obstructions on U.S. roads and
railways. This challenge generally limits the length of the blade that can be transported over
roadways to between 53 and 62m. DOE is see&pqlicants to propose innovative

technologies that overcome transportation constraints for rotor blades longer than 65m,
including, but not limited to ofrsite manufacturing, segmented blades, and new materials. The
technology should be able to enable rosathat have a specific power of 150 WIN3]

Advanced Manufacturing and Recyclinghe endof-life options for wind turbines are second

hand markets, refurbishing, recycling, and depositing. Turbine blades are made from

composites which are designed tptomize performance and reduce weight and loads on the

turbine. To date, however, these blades have not been designed witfokhig recycling.

There is a need for more R&D on composite materials for more efficient use and substitution in

future designsto dismantle wind turbines into recyclable materials; and to look at the

potential markets for products made from recycled materials. Additionally, better data is

needed for the recycling of wind turbine components and materials, especially blades, as

uncertainties in data on recycling have a big influence on the LCA of the turbines. Technologies
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for recycling composite materials are now available, but the investment and operating costs are
high, so commercial applications have therefore been very limD€aE is seeking applications
which address the high investment and processing costs to recycle wind turbine blades, for the
existing fleet and/or development of new blade materials that can facilitate recycling in the

next generation of blades. This applion should indicate the cost savings of recycling and how
that offsets the decommissioning costs. [B,4

Questions; Contact:Michael Derbymichael.derby@ee.doe.gov

c. Other
In addition to the specificubtopicslisted above, WETO invites grant applications in other areas relevant to
this Topiahat enable wind power nationwide.

Questions; Contact:Michael Derbymichael.derby@ee.doe.gov

References: Shtopic a:
1. Distributed Wind Energy Association (DWEA), 2015, DWEA Distributed Wind(\268i%2030
{GNFGS3AASa (2 wSthe@QSIAENED2 AR D.SYISNFRIA2Yy 08& HA
http://distributedwind.org/wp-content/uploads/2012/08/DWEMistributed Wind-Vision.pdf

2. Jenkins, J., Rhoa@sS+ GSNE | @3 C2NBRE(IKZ ¢ox Si | fdPI HAMO:
{ K NBRT+A&Az2y { dza (Atvangdd Rdseéarchad Tgatir®Ibg® ActiNR1gh IoE Distributed
Wind, Distributed Wind Energy Association, Durango, Colorado, phttp@/distributedwind.org/wp-
content/uploads/2016/05/SMARWind-Roadmap.pdf

References: Subtopic b:
1. U.S. Department of Energy, 2015, Wind Vision: A New Era for Wind Power in the United States, p. 28
doi:10.2172/1220428nttp://energy.qov/sites/prod/files/2015/03/f20/wv_full_report.pdf

2. U.S. Department of Interior, 2016, National Offshore Wind Strategy: Facilitating the Development of
the Offshore Wind Industry in the United States, U.S. Departmenteriglgnp. 84.
http://energy.gov/sites/prod/files/2016/09/f33/NationalOffshoreWind-Strategyreport-

09082016.pdf

3. U.S. Department of Energ3015, Enabling Wind Power Nationwide, p. 43, doi:10.2172/1220457.
http://energy.gov/sites/prod/files/2015/05/f22/EnablinéVind-Power
Nationwide 18MAY2015 FINAL.pdf

4. Larsen, H.H. and Sgnderberg Petersen, L., 2014, DTU International Energy Report 2014: Wind Energ
Drivers and Barriers for Higher Shares of Wind in the Global Power Generation Mix, Technical
University of Denmark, p. 997.
http://orbit.dtu.dk/files/102457047/DTU_INTL ENERGY REP 2014 WIND.pdf

15.WATER
Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000
Accepting SB Applications: YES Accepting STTR Applications: YES
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¢tKS hFFAOS 2F 9ySNHE& 9FFAOASYyOe YR wSySgloftS 9y
(http://energy.gov/eere/water/waterpower-progran) seeks applications for developing environmentally

F OOSLIil6fS fdzooNAOFIYy(Ga FT2N) KERNRBLIZGSNI I LILX AOFGA2Y
generation of water power technologies and jurafarting private sector innovations tigal to the country's
longterm economic growth, energy security, and global competitiveness by accelerating the development of
markets for those technologies. Achieving full potential for future hydropower growth in the United States
requires overcoming number of key technological, environmental, and market challenges. Specifically, WPT(
is working to reduce environmental impacts of hydropower development and operation by investing in tools
and methods to develop, demonstrate, and validate environméyfalendly technologies.

Applications must:
1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;
1 Include projections for price and/or performanaaprovements that are tied to a baseline (i.e. MYPP
or Roadmap targets and/or state of the art products or practices);
1 Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
Include a preliminary cost analysis and,;

1
1 Justify all performance claims with theoretical predictions and/or relevant experimental data.

Grant applications are sought in the following subtopics:

a. Development of EnvironmentalhAcceptable Lubricants for Hydpower Applications
A hydropower facility consists of many structures and equipment, both electrical and mechanical (e.g.

turbine, generator, governor, transformer, gates and valves, pressurized hydraulic fluid actuators), that
invariably require lubricarstand hydraulic fluids to operate efficiently. Lubricantghether oils or

greases help reduce friction, dissipate heat, prevemtidation, and seal off water and debris. Further,
hydropower equipment may often be submerged and components may come in ¢avitaovater.

Petroleum based lubricants and hydraulic fluids are widely used as these are available at low costs and
possess desirable performance characteristics for a wide range of applications. However these lubricants
have low biodegradability andhn be toxic. Hydropower is typically developed in river systems which also
provide water for irrigation and drinking water supply. As such, hydropower lubricants and hydraulic fluids
can present a threat to water resources and aquatic ecosystems, espéicialexpected leakages or spills
occur. Such spills/discharges in water bodies may also result in local, state and/or federal penalties.
Consequently the cost of energy increases due to higher operation and maintenance costs. These penalti
may be avoidble if environmentallyacceptable lubricants and hydraulic fluids are used.

WPTO seeks to fund research and development of environmesatatigptable lubricants (EALS), including
hydraulic fluids, that can achieve high performance with minimal advefsetsfon the water systems and
aquatic environment in the event of its contact with water or a spill. Eheironmental Protection Agency
69t! v RSTAYySa 9!'[a a idkKk2asS fdoNAOlIyGa GKFG KI
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biodegradability, toxicity ad bioaccumulation potential that minimize their likely adverse consequences in
GKS Fljdzk 6AO SY@ANRYYSY(is O2YLI NBR (2 O2y@SyidaArzy

Awards under this topic will carry out eadyage, proofof-concept research into EAL formulations for
hydropower applications, including laboratory testing for a limited number of EALs in Phase I. In Phase Il
the awardee(s) will continue to complete the development of a suite of EALs for hydropower applications.
During Phase Il, DOE may consider providingtiaddl resources for up to 150 labtiours at one or more
national laboratories time in addition to the SBIR/STTR funding to the applicants if needed. Such nationa
laboratory resources may be useful to assess and test the ecological performance eVéhepegd
formulations. Examples of resources provided include support for a peer review of the work done in
Phase I; determination of toxicity with respect to various types of fish and other aquatic species in the
presence of the newly developed EAd&s¢ evaluation of the performance characteristics for the intended
application. If the applicant(s) desire such national laboratory resources they must include a description
resources required.

Applicants must also demonstrate knowledge, experience,capabilities in developing lubricants and
include the following in their application:

w A description of various uses of lubricants and hydraulic fluids for hydropower equipment
along with the types of lubricants and hydraulic fluids that are currenths@including any
EALs;

The stateof-the-art EALSs currently in use by other industries and the need for new and/or
additional formulations;

Federal and State requirements for the targeted EALs market;

Strategy for developing a suite of future EALs fa log the hydropower industry;

Target equipment and component(s);

Fluid performance characteristics for each formulation under consideration including
environmental performance, toxicity and biodegradability;

Details of work to be performed in Phase | uathg the test plan for performanagf the EALg
both for the intended use and environmental acceptability;

w Description of Phase Il work including use of national lab resources if desired by the applicant;

geegee ¢

e

Applicants should also detail how they proposautilize the grant to advance the statd-the-art, and, if
successful, the commercialization plan for the EALs to be developed under this topic.

Questions; Contact:Rajesh Dhanrajesh.dham@ee.doe.gov

Refkrences: Subtopic a:
1. Office of Wastewater Management, 2011, Environmentally Acceptable Lubricants, U.S. Environmenta
Protection Agency, p. 24ttps://nepis.epa.gov/Exe/ZyPURL.cqi?ke¢=P100DCJI.txt

PROGRAMREAOVERVIEWOFFICEFENVIRONMENTMANAGEMENT
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With the end of the Cold War, the Department of Energy (DOE) is focusing on understanding and eliminating
the enormous environmental problems created by the Department's hisabrnission of nuclear weapons
production. The DOE's Office of Environmental Management (EM) seeks to eliminate these threats to human
health and the environment, as well as to prevent pollution fromgming activities. The goals for waste
management anénvironmental remediation include meeting regulatory compliance agreements, reducing
the cost and risk associated with waste treatment and disposal, and expediently deploying technologies to
accomplish these activities. While radioactive contaminants lageprime concern, hazardous metals and
organics, as defined by the Resource Conservation and Recovery Act (RCRA), are also important.

DOE has approximately 91 million gallons of liquid waste stored in underground tanks and approximately
4,000 cubic metersf solid waste derived from the liquids stored in bins. The current DOE estimated cost for
retrieval, treatment and disposal of this waste exceeds $50 billion to be spent over several decades. The higl
radioactive portion of this waste, located at théfide of River Protection (Hanford Reservation), ldaho, and
Savannah River sites, must be treated and immobilized, and prepared for shipment to a future waste
repository.

DOE also manages some of the largest groundwater and soil contamination problesighaerduent cleanup

in the world. This includes the remediation of 40 million cubic meters of contaminated soil and debris
contaminated with radionuclides, metals, and organics [1]. The Office of Groundwater and Soil Remediation
focuses on four areas of pfted research including the AttenuatiéBased Remedies for the Subsurface

Applied Field Research Initiative (Savannah River Site), the Deep Vadose Zone Applied Field Research Initic
(Hanford Site), the Remediation of Mercury and Industrial Contam@applied Field Research Initiative (Oak
Ridge Site), and Advanced Simulation Capability for Environmental Management.

For additional information regarding the Office of Environmental Management priorities, please visit us on the
web athttp://energy.gov/em/office-environmentalimanagement

16.NOVEL MONITORING CGCEBPTS IN THE SUBSAHE-

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phasapplications: YES Accepting STTR Phase | Applicatidit3:

5h9Qa 9YJANRYYSyYydGlrt alyl3aSYSyd tNRINIrY A& fSIRAY
attenuate contaminants in the subsurface and improve the ability to monitor that attenugtioness.These

new methods and processes would be of benefit to BEEDEand other commercial applications involving
subsurface monitoringThe intention is to eliminate costly pump and treat systems as the contaminant levels
diminish while assuring the plic and regulator community that we are protecting human health and the
environment. The following subtopic areas will provide new tools for the site contractors to use in the clean
up process and result in reducing the life cycle cost of subsurface iatiedat Savannah River Site (Aiken,
SC), Hanford Site (Richland, WA), and Oak Ridge Site (Oak Riddeirfid).information can be found on the
DOEEM website under the Office of Groundwater and Soils.

We propose to solicit the best concepts frondustry in the followindour broad themes:
1 Provide dust suppression alternatives to the use of water for large open areas
1 Develop vadose zone pore water sampler
91 Develop twedimensional surveys (walkover, drone, and overflight) for {targh monitoring of
residual contamination. These techniques might include geophysical or other remote sensing
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techniques that allow for spatial delineation of contaminant changes through time (e.g. Chromate at
Hanford, Rads including | and Tc at SRS)

1 Innovative methods for élivery of treatment amendments to increase spatial distribution in complex
geology (fractures rock at substantial depths of 1000 feet

. Provide Dust Suppression Alternatives to the Use of Water for Large Open Areas

The office of Environmental Managementshseveral sites that require dust suppression while moving
contaminated materials to landfillsThe dust suppression with water cause the subsurface contaminants
to be transported toward receptors which affect the health of sensitive ecosysté&ikis imeed of dust
suppression methods other than water to prevent this migration of contamination in the subsurface.

Questions; Contact:Latrincy Bated, atrincy.Bates@em.doe.gov Skip Chamberlain,
grover.chamberlain@em.doe.gov

. DevelopVadoseZone re Water Sampler
EM has multiple sites with deep vadose contaminatidhese sites need to be able to sample pore water
in the subsurface to determinine fate and transport of any contamination.

Questions; Contact:Latrincy Bated, atrincy.Bates@em.doe.gav Skip Chamberlain,
grover.chambedin@em.doe.gov

DevelopTwo-DimensionalSurveys Walkover, Drone, andOverflight) for LongTerm Monitoring of
ResidualContamination. These techniques might include geophysical or other remote sensing

techniques that allow for spatial delineation of containant changes through time (e.g. Chromate at
Hanford, Rads including | and Tc at SRS)

EM has several sites and sites with are buildings that require remote sensing due to the contamination in
the area. EM needs to be able to track any changes over tiontné spatial distribution of

contamination. (Hanford http://www.hanford.gov/); Paducahhttps://enerqy.gov/pppo/paducarsite);

Los Alamoshttps://energy.gov/emla/environmentatmanagementios-alamosfield-office).

Questions; Contact:Latrincy Bated, atrincy.Bates@em.doe.gav Skip Chamberlain,
grover.chamberlain@em.doe.gov

. Innovative Methods forDelivery of Treatment Anendments tolncreaseSpatial Distribution in Complex
Geology Fractures Rck atSubstantial Depths of 1000Feet)

EM has a need for innovative methods of the delivery of amendments to treat contaminants in deep

areas. Contaminants are dispersed and require delivery in a wide area in difficult geology such as

fractured rock at substantial depth(Los Alamoshttps://energy.gov/emla/environmentatmanagement

los-alamosfield-office)

Questions; Contact:Latrincy Bated, atrincy.Bates@em.doe.gov Skip Chamberlain,
grover.chamberlain@em.doe.gov

. Other
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In addition to the specific subtopics listed above, the Department invites grant applications inaotiaesr

that fall within the scope of the topic description above.

Questions; Contact:Latrincy Bated,atrincy.Bates@em.doe.gav Skip Chamberlain,
grover.chamberlain@em.doe.gov

PROGRANDFFICEVERVIEWOFFICBFFOSSIENERGY
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its continually growig need for secure, reasonably priced and environmentally sound fossil energy supplies.
C9Qa& LINAYIFINE YAaarzy Aa G2 SyadaNB G§KS ylFradiazy Oy
affordable energy while enhancing environmental protenti

Fossil fuels are projected to remain the mainstay of energy consumption (currently 80% of U.S. energy
consumption) well into the next century. Consequently, the availability of these fuels, and their ability to
provide clean, affordable energy, is esfial for global prosperity and security. As the nation strives to reduce
its reliance on imported energy sources, FE supports R&D to promote the secure, efficient and
SYGANRYYSyi(lftfte az2dzyR LINRRdzOGAZ2Y | y Rstidga®nenF ! YSN.
infrastructure. To this end FE is, once again, concentrating its 2018 PhaseSITIBIRffort on two areas that
significantly support and enable development of several fossil energy technologies: Sensors & Controls and
Advanced Manufacturing Materials.

For additional information regarding the Office of Fossil Energy priorities, visit
https://www.energy.gov/fe/mission

17.SENSORS AND CONTRRS FOSSIL ENERGRIAPATIONS

Maximum Phase | Awd Amount:$225000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Advanced sensors and controls enhance the reliability, efficiency, economics, and operational flexibility of
fossil energy applications. Research includes sensors capable of monitoring key operational parameters
(temperature, pressure, and gas compositions) while operating in harsh environments; analytical sensors
capable of oHdine, realtime evaluation and masurement; diagnostics tools for the oil and gas industry; and
field detection sensors for rare earth elements processing equipment. Controls development centers around
selforganizing information networks, algorithms for component lifetime assessmenpkamt-level

economics, and distributed intelligence for process control and decision making. Additionally, this topic
leverages technology trends in data transfer (e.g. Blockchain) and data analytics as well as developing
technologies to enhance resiliepand harden fossil energy assets.

Grant applications must include a succinct discussion of the potential technical and economic advantages of
the proposed technology, as compared to existing statéhe-art systems.

Grant applications are sought in thalowing subtopics:

a. Automated Situational Awareness Technologies for Robust and Resilient Fossil Energy Power Generatiot
U.S. Power Generation assets are increasingly vulnerable to attack by malicious attack both from insider
threats and cybercriminalsThe potential consequences of these vulnerabilities, if not mitigated, were
illustrated in December of 2015 by a coordinated cyattack on Ukrainian power infrastructure. Key to
the success of those attacks was a lack of situational awareness bsnsys¢eators. Had the operators
known of the initial intrusion, they could have acted to mitigate the ultimate outcome. In the United
States, the power generation utility sector has been taking steps to improve its readiness consistent with
the North Ameican Electric Reliability Corporation (NERC) reliability requirements. Digital automation
trends involving the addition of numerous distributed sensing nodes to the power plant, the
communication of dat& often wirelessly, and the multitude of data aable to the operators creates a

71


https://www.energy.gov/fe/mission

situation where automated data analytics and controls are essential both to optimize plant operability as
well as mitigate malicious behavior. While there have been advancements in automated situational
awareness tools fgpower distribution, none exist thus far that can be readily implemented to protect
fossil power generation assets.

This subtopic requests proposals to develop automated situational awareness tools to enhance the
reliability of the fossil power fleet. ds are needed that can constantly scan a multitude of sensor data to
assess the health of the power plant as well as to recognize malicious behavior and automatically trigger
counter measures to mitigate it. Fossil power generation infrastructure rafngesrelatively new gas

turbine combined cycles to 5¢earold coal power plants in various states of control system infrastructure
modernization. The utility sector also ranges from individual municipalities to investor owned utilities and
each may takea different approach to realize its preferred risk posture while remaining NERC compliant.

Questions; Contact:Sydni Credlesydni.credle@netl.doe.gov

. Sensor Development to Enable Fe&drward Control 6 Distributed Modular Energy Systems

Emerging Fossil Energy (B&$ed modular power systems are anticipated to achieve higher efficiencies,
lower emissions, improved reliability and availability (lower total operating costs), and stable control and
operation through development of feetbrward control systems. The feddrward control system would
have sufficient performance mapping to handle variations in feed and environmental conditions.
However, there exists a need for the commercial sector to dgvedattime sensors to measure feedstock
properties and process conditions at inlet and outlet.

Applications are sought to develop reahe sensing technology to enable feémrward control

technology for modular power generation systems. Sensinghskipes of interest include, but are not

limited to, measuring inlet conditions of solid fuel feed (e.g. coal, biomass, solid wastes) such as particle
size, moisture content, ash content, and fuel heating value. Process measurements of interest include
unconverted carbon in residual, syngas chemical composition (both major and minor species), detection c
solids flow in transport reactor and fluid bed applications. Downstream measurements are also desired
which include flow, pressure, temperature, andeahical makeup.

This topic area is open to any innovative technigues to employ advanced sensors, including but not limite:
to embedding of sensors in refractory, fiber optic sensors, solid state sensors, and other techniques to
accomplish stated needdéally, sensors could find application in coal conversion systems that would be
called upon to operate in flefuel mode via fuel blending with lowost feedstocks such as biomass,
municipal solid waste. Advances in this topic are anticipated to resadtrimmercial viability of flexible

fuel distributed energy systems to remote areas and operation without need for hegegialized

training, thus allowing for employment of locatyailable labor force.

Questiong; Contact:Steven Markovichsteven.markovich@netl.doe.gov

Other
In addition to the specific subtopics listed, FE invites grant applications in other areas that fall within the
scope of the Topic description provided above.

Questions; Cortact: Maria Reidpathmaria.reidpath@netl.doe.gov
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18. ADVANCED MAUFACTURING & MATERS FOR FOSSIL ENERBCHNOLOGIES

Maximum Phase | Award Amou$225000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Advanced manufacturing hasthe @y G A f (2 GNI yaFTF2N¥Y (KS ylIiiA2yQa
affordable energy to foster economic growth, jobs, and national security. Advanced manufacturing can be
used to improve existing manufacturing processes and rapidly introduce new ppet®and products
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spanning the entire fossil value chain and fossil energy sources including coal abg poadiucts, oil, natural
gas, and natural gas liquids. These paradifpitting aspects of advanced manufacturing offers the potential
to spin off entirely new industries and lead to production methods that are most likely to remain in the United
States because they are hard to imitate. Advanced manufacturing may also be defined in terms of
improvements in: lifecycle energy use, cost reduction, timenarket, reliability, and environmental footprint.
Synergistic technology trends including data analytics, robotics, design tools, aneémgineering of

materials. Hence, profitable application improvements leveraging advanced manufacturing oftehdake

form of integrated technology solutions. Finally, advanced manufacturing is enabling the realization of
components and technologies that benefit from advanced, diffitadprocess and/or expensive, materials

with exceptional service properties suah nickel supealloys and highemperature ceramics.

Grant applications must include a succinct discussion of the potential technical and economic advantages of
the proposed technology, as compared to existing statéhe-art systems.

Grant applicatias are sought in the following subtopics:

a. ThermalEnvironmental Barrier Coating {EBC) System for Ceramic Matrix Composites (CMCs) Turbine
Components
Among the goals of the Advanced Turbines Program is to develop and evaluate advanced materials and
conceots to improve capabilities for withstanding much higher temperatures for turbines hot gas path
components (e.g. with turbine inlet temperatures exceeding 3,100°F) needed to achieve combined cycle
energy efficiencies greater than 65%. Ceramic matrix cortg®fCMCs) have been a material of interest
for gas turbine components with operating temperatures 2800°F higher than typical supatoy
materials. In order to use these CMCs in such an extreme temperature and reactive gas environment, the
developmaent of a thermaienvironmental barrier coating {EBC) that is stable at high temperatures is
required. The FEBC must provide protection against corrosive gases and reduce the temperature of the
CMC to acceptable levels, and withstand thermal shock wiigening their refractory properties and
mechanical strength during operation. Whil&EBC protective coatings have been developed for current
CMC engine applications, none exists for 3100 F applications.

Grant applications are sought for the design, elepment and evaluation of a thermahvironmental

barrier coating (FEBC) system that will protect and permit the reliable operation of silicon carbide (or
other silicon based) composites at combustion gas temperatures approaching 3100 F. Applicaibns mu
show that the developed-EBCs are thermochemically stable, highly impervious to moisture and oxygen
transport, phasestable over the temperature range of interest, tolerant to thermal strains, and resistant

to impact from foreign particles. In additido these requirements, the-EBCs must be erosion resistant

and must include a stable bond coat capable of exposure to high temperatures for long periods. Fulfillmer
of each of these requirements is the main objective of the grant. Research focusedamcad) the use

and applicability of materials made by additive manufacturing and/or other advanced manufacturing
practices will also be of great interest.

This subtopic area directly relates to innovative technologies that show promise in harnessirigaimer
energy resources safely and efficiently and reflects the latage research, development, and
commercialization of energy technologies, and is therefore-al@ihed with the R&D Priority Areas (as
described in the recent OMB memo on FY 2019 Adiménisn Research and Development Budget
Priorities) targeting American Energy Dominance.
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Questiong; Contact:Patcharin Burkepatcharin.burke@netl.doe.gov

. Additive Manufacturing of Extreme Environmematerials for Large Parts

DOE is currently exploring a suite of transformational technologies for fossil ebasgy power

production, including (but not limited to) supercritical CO2 (sC0O2) cycles, chemical looping combustion
(CLC), direct power extrach (DPE), and pressurized combustion. Development of extreme environment
materials (EEM) and related advanced manufacturing processes for system components that are able to
withstand the typically harsh environments observed for these FE componentsaidulachieving
soughtafter performance is critical. Additive manufacturing (AM) is of great interest for the production of
fossil energybased system components due to its ability to allow flexibility of design, production of
complex parts, and lower codue to reduced materials requirement, decreased lead times, etc. (Frazier,
2014). However, the ability of AM to produce dimensionally large parts from EEM is lacking (ORNL, 2016
and more R&D is needed to realize the full potential of AM as a viabl@atiee to traditional

manufacturing processes (i.e. investment casting, hot isostatic pressing, etc.) (Mercelis, 2006; Gu, 2012;
Gong, 2012; Williams, 2016).

Proposals are sought to explore scale of additive manufacturing (AM) processes for extreme
environment materials (EEM) such as nidkased superalloys, ceramics, and refractory alloys. Target
application would be any fossil energglevant system component with a major axis of greater than 4 feet.

Applicants must specify the fossil energy @mment of interest, relevant specification for material
performance (microstructure, mechanical properties, etc.), proposed additive manufacturing approach,
and summary of critical fabrication issues including relevant mitigation techniques. Manufagitoiress
modeling for microstructural design and performance prediction offabticated parts is encouraged.
Project objectives will include material procurement and preliminary experimentation to prove feasibility
of the stated manufacturing approach. Meidology for possible fulicale production of target

component as well as approach for relevant testing to confirm microstructural and mechanical integrity
must also be provided.

Questiong; Contact:Richard Dunstichard.dunst@netl.doe.gov

High Value Products from Coal

Domestic coal can be used to manufacture solid carbon products including carbon fiber, battery/electrode
materials, carborbased photovoltaics, carbon materials for 3D printing applices, carborbased

construction materials, and carbon additives for manufacturing composites. The market value of these
high-performance materials often exceeds the fuel and heat value of coal, which illustrates there are
sustainable market forces for mafacturing carbon materials from coal.

Proposals are sought that focus on using domestic coal and closely relapeddcts (pitch, char) as a
manufacturing feedstock to produce carbon materials and composites. Utilizing coal for producing carbor
materials creates new business opportunities by integrating coal into the saiaa of industries that

typically do not use coal in their manufacturing processes. -Gasdd carbon fiber and carbon fiber
reinforced polymers offer opportunities for producingw forms of lightweight structural materials and
composites which have utility in automotive and aerospace applications.-b@eatl carbon

nanomaterials, such as graphene and carbon quantum dots, offer opportunities to bring down the costs of
these materals so they can be used in electronic display screens, pigments/dyes/coatings, enhanced
textiles, and structural composites. Inexpensive carbon nanomaterials can also be used in 3D printing
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fluids/plastics to enhance the electrical/thermal/optical proped of the final printed material. Coal
based coke, pitch, and carbon nanomaterials can be used to produce electrode materials for a range of
applications such as aluminum production, batteries/energy storage, and supercapacitors.

Questions; Contact:Barbara Carneybarbara.carney@netl.doe.gov

d. Novel Materials or Processes to Support Transformational Carbon Capture Technologies
Among the objectives of the Carbon Capture Program is to support the dewetdpof transformational
technologies for a new codired power plant with CO2 capture with 95% purity and with a cost of
electricity at least 30% lower than a supercritical PC with CO2 capture, or approximately $30 per tonne of
CO2 captured. The techmglies can include both materials and processes used for advanced carbon
capture.

Grant applications are sought for novel materials including membranes, sorbents, solvents or hybrid
materials that have NEVER been examined for the purpose of carbon caftueeresults of a literature

review will be necessary to demonstrate the novel nature of the proposed material. Additionally, grant
applications are also sought for novel process concepts that will lead to an improvement in the overall cos
of carbon cature systems.Applications must show that the materials or processes have the potential to
provide a significant improvement in cost and/or performance of carbon capture systems.

This subtopic area directly relates to harnessing American energy resoatay, efficiently and in an
environmentally sound manner. It reflects an investment in esi&ge, innovative technologies and is
therefore wellaligned with the R&D Priority Areas (as described in the recent OMB memo on FY 2019
Administration Reseah and Development Budget Priorities) targeting American Energy Dominance.

Questiong; Contact:l. Andrew Aurelioisaac.aurelio@netl.doe.gov

e. Other
In addition to the specific subtopics listed, FE invifeent applications in other areas that fall within the
scope of topic descriptions provided above.

Questions; Contact:Maria Reidpathmaria.reidpath@netl.doe.gov
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19.0IL AND GAS TECHNGILES

Maximum Phase | Award Amou$225000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STR Phase | Applications: YES

The dramatic increase in domestic natural gas production from shale source rocks is increasing our reliance
natural gas as a critical contributor to the national energy supply. Ensuring the integrity and reliability of ou
natural gas transportation and delivery infrastructure has always been important, but will become even more
S0 as our reliance on natural gas grows over coming decades.

Natural gas pipelines gathering lines, intrastate lines, interstate transmissiomedi and distribution systems

T are a part of this infrastructure that will require increased surveillance and more effective inspection
capabilities over coming decades as large segments of these systems reach maturity. This is particularly
important as agig systems are called upon to deliver increasing amounts of gas to end users.

Dramatic increases in the number of producing gas wells, often horizontal wells tapping deeper reservoirs in
populated areas, will also require increased vigilance on the gandoistry and regulators to ensure that
wellbore integrity is maintained during what will likely be the long producing lives of such wells. Increased use
of natural gas storage facilities, which in many cases utilize abandoned gas reservoirs with dloesewill
require costeffective methods for ensuring wellbore integrity so that deliverability and safety are not
compromised (e.g., the 2015 Aliso Canyon leak).

DOE is interested in catalyzing the development of novel technologies that will impuoadbility to inspect,
monitor and repair natural gas pipelines. DOE is currently funding several projects directly or indirectly relatet
to this topic (e.g., NETL, 2017) but believes that there is still a need for more research in this area.

In addition DOE is interested in funding research to develop technologies that can help industry more quickly
and cost effectively assess the integrity of both casing and cement barriers to subsurface flow in new or old
wellbores.

Beyondstate-of-the-art researchk I & Ol y KI @S ©OXKNY B3 IYREIAYLH DEGES
f

2T GKS blriaAz2yQa ylidda2NF¥t 3IFa GNXryalLR2NIi yR RS
solicitation than research that proposes small, incremental advances.
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Grart applications are sought in the following subtopics:

a. Midstream/Onshore Pipeline Infrastructure Integrity and Safety
In the United States, there are over 400 thousand miles of transmission pipeline and over one million mile
of aging distribution pipelinen use. Considering this vast network of pipeline systems, there is a need to
develop economical approaches to monitor and inspect these systems against sabotage and failure.

DOE has projects that have focused on the development otlmst monitoringand inspection tool (CTC),
internal pipeline coating systems for inhibiting/monitoring corrosion and effective methane mitigation
(Oceanit & PPG). The DOE is interested in building upon its existing research portfolio by developing nev
ways to economicl monitor pipeline integrity, detect and diagnose incipient defects, leaks, and failures,
inhibit methane leakage and protect new and existing U.S. pipeline systems against potential resource
theft and/or sabotage.

Specific concepts could include: @H Yy OSR LA LISt Ay S AyalLlSOoiAzy | yR NJ
systems for monitoring pipeline integrity, advanced $edtling coatings development and deployment
technique for methane mitigation, and internal pipeline sensors/coating systems dmat@mmunicate a
variety of operational parameters.

Questiong; Contact:William Finchamyilliam.fincham@netl.doe.gov

b. Improving Wellbore Integrity and Diagnostics
Ensuring wellbore integrity is of tidal importance, particularly as increasing numbers of wells are being
drilled and hydraulically fractured in areas with large populations that rely on subsurface sources of
drinking water. In addition, there is a growing need to be able to quickly asteeffectively assess the
condition of older producing or gas storage wells where casing integrity may be an issue.

While many companies have instituted best practices that reduce the risk of aquifer contamination due to
inadequate cement jobs, novel teablogies that can be utilized to assess wells of all vintages could reduce
this risk even further.

Under this Subtopic, DOE is interested in research that leads to the development of moeseffectte
tools or methods for:
1 Investigating rock/cement/casg bond integrity and how it is affected by corrosion, thermal
cycling, and/or long term injection or production of fluids
1 Measuring hydraulic containment, casing stress state, cement condition, corrosion activity, and
fluid chemistry over time in cased Waores

Questiong; Contact:William Finchamwilliam.fincham@netl.doe.gov

c. Other
In addition to the specific subtopics listed, FE invites grant applications in other areas that fall within the
scope otthe Topic description provided above.

Questiong; Contact:William Finchamwilliam.fincham@netl.doe.gov

ReferencesSubtopic a:
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The mission of the Fusion Energy Sciences (FES) program is to expand the fundamental understanding of
matter at very high temperaties and densities and to build the scientific foundation needed to develop a
fusion energy source. This is accomplished through the study of plasma, the fourth state of matter, and how
interacts with its surroundings. FES has four strategic goals:

1 Advance the fundamental science of magnetically confined plasmas to develop the predictive
capability needed for a sustainable fusion energy source;

1 Support the development of the scientific understanding required to design and deploy the materials
needed b support a burning plasma environment;

1 Pursue scientific opportunities and grand challenges in high energy density plasma science to better
understand our universe, and to enhance national security and economic competitiveness, and;

1 Increase the fundanmal understanding of basic plasma science, including both burning plasma and
low temperature plasma science and engineering, to enhance economic competiveness and to create
opportunities for a broader range of scierbased applications.

The next fronter for fusion research is the study of the burning plasma state, in which the fusion process itself
provides the dominant heat source for sustaining the plasma temperature (i.ehesating). Production of
strongly sekheated fusion plasmas will allowe discovery and study of new scientific phenomena relevant to
fusion energy, including the properties of materials in the presence of high heat and particle fluxes and
neutron irradiation.

To achieve its research goals, FES invests in flexible U.8mexqal facilities of various scales, international
partnerships leveraging U.S. expertise, lasgale numerical simulations based on experimentally validated
theoretical models, development of advanced fusiatevant materials, and invention of new neaement
techniques.

FES also supports discovery plasma science, including research in laboratory plasma astrophysics, low
temperature plasmas, smadcale magnetized plasma experimental platforms, and-biggrgydensity
laboratory plasmas.

Research quported by FES has led to many spinoff applications and enabling technologies with considerable
economic and societal impact.

The following topics are restricted to advanced technologies and materials for fusion energy systems, fusion
science, technologrelevant to magnetically confined plasmas, and-temperature plasmas, as described
below.

For additional information regarding the Office of Fusion Energy Sciences priatitikdere.

IMPORTANT CHMGE FOR FY 201BES is reducing the number of SBIR/STTR topics and subtopics beginning
in FY 2018. This action is being taken because FES has historically received a much greater number of high
guality proposals that it cannot fund each year. The impacFY 2018 is that the following topics and

subtopics will not be included in FY 2018, but are planned to be included in FY 2019. (Some FY 2018 topics
not appear in FY 2019):

1 ADVANCED TECHNOLOGIES AND MATERIALS FOR FUSION ENERGY SYSTEMS
1 Plasma Faog Components
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Blanket and Safety Technologies
Structural Materials and Coatings

Laser Technologies
Ultrafast Diagnostics

= =4 =4 4 A

HIGH ENERGY DENSITY PLASMAS

20. ADVANCED TECHNOLGEARD MATERIALS HABRSION ENERGY SYSSEM

Maximum Phase | Award Amount: $150,000

Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES

Accepting STTR Phase | Applications: YES

An attractive fusion energy source will require the development of superconducting magnets. This technolog)
will need to be substatially advanced relative to today's capabilities in order to achieve safe, reliable,

economic, and environmentalyenign operation of fusion energy systems. Further information about
research funded by the Office of Fusion Energy Sciences (FES) candatfthe FES Website,

http://lwww.science.energy.gov/fes

Grant applications are sought in the following subtopics:

a. Superconducting Magnets and Materials

New or advanced superconducting magnet concepésneeded for plasma fusion confinement systems.

Of particular interest are magnet components, superconducting, structural and insulating materials, or
diagnostic systems that lead to magnetic confinement devices which operate at higher magnetic fields
(24T-20T), in higher nuclear irradiation environments, provide improved access/maintenance or allow for
wider operating ranges in temperature or pulsed magnetic fields.

Grant applications are sought for:

Innovative and advanced superconducting materiald emanufacturing processes that have a high

potential for improved conductor performance and low fabrication costs. Of specific interest are materials
such as YBCO conductors that are easily adaptable to bundling into high current cables ca®gin@\30
Desirable characteristics include high critical currents at temperatures from 4.5 K to 50 K, magnetic fields
in the range 14 T to 20 T, higher copper fractions, low transient losses, low sensitivity to strain degradatio
effects, high radiation resistancand improved methods for cabling tape conductors taking into account
twisting and other methods of transposition to ensure uniform current distribution.

Novel methods for joining coil sections for manufacture of demountable magnets that allow foy highl
reliable, remakeable joints that exhibit excellent structural integrity, low electrical resistance, low ac
losses, and high stability in high magnetic field and in pulsed applications. These include conventional lap
and butt joints, as well as very highrrent plateto-plate joints. Reliable sliding joints can be considered.

Innovative structural support methods and materials, and magnet cooling and quench protection methods
suitable for operation in a fusion radiation environment that results in loigérall current density
magnets.

Novel, advanced sensors and instrumentation for monitoring magnet and helium parameters (e.g.,
pressure, temperature, voltage, mass flow, quench, etc.); of specific interest are fiber optic based devices
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and systems thaallow for electromagnetic noisenmune interrogation of these parameters as well as
positional information of the measured parameter within the coil winding pack. A specific use of fiber
sensors is for rapid and redundant quench detection. Novel fibec@eisors may also be used for
precision measurement of distributed and local temperature or strain for diagnostic and scientific studies
of conductor behavior and code calibration.

Radiationresistant electrical insulators, e.g., wraple inorganic indators and low viscosity organic
insulators that exhibit low gas generation under irradiation, less expensive resins and higher pot life; and
insulation systems with high bond and higher strength and flexibility in shear.

Questions; Contact:Barry Suilvan,barry.sullivan@science.doe.gov

b. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic descriph above.

Questions; Contact:Barry Sullivararry.sullivan@science.doe.gov

References:Subtopic a:

1. United States Department of Energy, Office of Fusion Energy Sciences, 2009, Research Needs for
Magnetic Fusion Energy Sciences, Report of the Research Needs Workshop (ReNeV2p2. 285
http://science.energy.gov/~/media/fes/pdf/workshe
reports/Res _needs_mag_fusion_report_june 2009.pdf

2. Minervini, J.V. and Schultz, J.H., 2003, U.S. Fusion Program Requirements for Superconducting Magr
Research, IEEE Transactions on Applied Superconductivity, Volume 13, Issue 21529524
http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1211890

3. Bromberg, L., et al, 2001, Options for the Use of High Temperature Superconductor in Tokamak Fusic
Reactor Designs, Bion Engineering and Design, Volume 54, p-1807.
http://www -ferp.ucsd.edu/LIB/REPORT/JOURNAL/FERNhberg. pdf

4. Ekin, J.W., 2006, Experimental Techniques forLemperatire Measurements: Cryostat Design,
Material Properties, and Superconductor Criti€alrrent Testing, Oxford University Press, p.704,
ISBN13: 978-19-8570547.
https://www.amazon.com/Experimental echniquesPropertiesSuperconductoiCriticat
Current/dp/0198570546

21.FUSION SCIENCE AMHCHNOLOGY

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SB Phase | Applications: YES Accepting STTR Phase | Applications: YES

The Fusion Energy Sciences program currently supports severakfekited experiments with many

common objectivesThese include expanding the scientific understanding of plasrhaver and improving

the performance of high temperature plasma for eventual energy productidre goals of this topic are to
develop and demonstrate innovative techniques, instrumentation, and concepts for (a) measuring magnetize:
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plasma parameters, (pr low-temperature and multphase plasmas, (c) simulation, control, and data

analysis for magnetically confined plasmas, and (d) small scale experiments on stellarators, spherical tori, an
reversed field pincheslt is also intended that concepts ddaped as part of the fusion research program will
have application to industries in the private sectéwurther information about research funded by the Office

of Fusion Energy Sciences (FES) can be found in the FES wdiigit¢/stience.enerqy.gov/fes/

Grant applications are sought in the following subtopics:

a. Diagnostics
Diagnostics are key to advancing our ability to understand, predict, and control fusion plasmas.
Applications are sought for the delopment of advanced diagnostic techniques and technology to (i)
enable new ways of studying plasma behavior in both existing and new plasma regimes, (ii) measure
plasma parameters not previously accessible, (iii) increase the capabilities of exisgngsties, and/or
(iv) reduce substantially the complexity of existing diagnostics. Development of diagnostics meeting the
needs for advancing the science of burning plasmas, boundary and pedestal physics, transient events
(including ELMs and disruptiong)asmamaterial interactions, and lorgulse magnetized plasmas are
particularly welcome. Proposals that have also a broader applicability are encouraged.

All applications should specifically identify the strong potential for commercialization ofrtp@ged
innovations on a schedule that is consistent with the award timeline and sequence of the DOE SBIR and
STTR Programs. lIdeally, the proposed customer base should extend into the private sector. Accordingly
work that is normally funded by programarfds, or that culminates only in the awarding of future program
funds, should not be proposed. Furthermore, requests seeking funding for the routine application or
operation of mature diagnostic techniques will not be considered.

Questiong; Contact:Matthew Lanctot matthew.lanctot@science.doe.gov

b. Componentdor Heating and Fueling of Fusion Plasmas
Grant applications are sought to develop components related to the generation, transmission, and
launching of high power electromagnetic waves in the frequency ranges of lon Cyclotron Resonance
Heating (ICRH, 50 to 300 MHz), Lower Hybrid Heating (LHH, 2 to 10 GHz), and Electron Cyclotron
Resonance (or Electron Bernstein Wave) Heating (ECRH / EBWB®B&HZz) These improved
components are sought for the microwave heating systems of the fusion facilities in the United States anc
facilities under construction including ITEBomponents of interest include power supplies, high power
microwave sourcesr generators, fault protection devices, transmission line components, and antenna
and launching systemsSpecific examples of some of the components that are needed include tuning and
matching systems, unidirectional couplers, circulators, mode conkgrtandows, output couplers, loads,
energy extraction systems from spent electron beand particle accelerators, and diagnostics to
evaluate the performance of these componenf particular interest are components that can safely
handle a range of équencies and increased power levels.

For the ITER project, the United States will be supplying the transmission lines for both the ECRH (2
MW/line) system, at a frequency of 170 GHz, and for the ICRH system (6 MW/line), operating in the range
of 40¢ 60 MHz. For this project advanced components are needed that are capable of improving the
efficiency and power handling capability of the transmission lines, in order to reduce losses and protect
the system from overheating, arcing, damage or failure dytire required long pulse operation
(~3000s).Examples of components needed for the ECRH transmission line include high power loads, low
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loss miter bends, polarizers, power samplers, windows, switches, and dielectric bEeadaples of
components needefor the ICRH transmission line include high power loads, tuning stubs, phase shifters,
switches, arc localization methods, and in line dielectric bre&ks.the ECRH and ICRH ITER transmission
lines, improved techniques are needed for the mass prodaadiocomponents, in order to reduce

cost. Lastly, advanced computer codes are needed to simulate the radiofrequency, microwave, thermal,
and mechanical components of the transmission lines.

Questions; Contact:Barry Sullivarbarry.sullivan@science.doe.gov

Simulation and Data Analysis Tools for Magnetically Confined Plasmas

The predictive simulation of magnetically confined fusion plasmas is important for the design and
evaluation of plasma dischge feedback and control systems; the design, operation, and performance
assessment of existing and proposed fusion experiments; the planning of experiments on existing device:s
and the interpretation of the experimental data obtained from these experimeDtsveloping a predictive
simulation capability for magnetically confined fusion plasmas is very challenging because of the enormot
range of overlapping temporal and spatial scales; the multitude of strongly coupled physical processes
governing the behawr of these plasmas; and the extreme anisotropies, high dimensionalities, complex
geometries, and magnetic topologies characterizing most magnetic confinement configurations.

Although considerable progress has been made in recent years toward the wembtirgg of these

processes in isolation, there remains a critical need to integrate them in order to develop an
experimentally validated integrated predictive simulation capability for magnetically confined plasmas. In
addition, the increase in the fidelignd level of integration of fusion simulations enabled by advances in
high performance computing hardware and associated progress in computational algorithms has been
accompanied by orders of magnitude increases in the volume of generated data. Inlp#ralielume of
experimental data is also expected to increase considerably, as U.S. scientists have started collaboration
on a new generation of overseas lopglse superconducting fusion experiments. Accordingly, a critical
need exists for developingath analysis tools addressing big data challenges associated with
computational and experimental research in fusion energy science.

Grant applications are sought to develop simulation and data analysis tools for magnetic fusion energy
science addressingpme of the challenges described above. Areas of interest include: (1) verification and
validation tools, including efficient methods for facilitating comparison of simulation results with
experimental data; (2) methodologies for building highly configle@md modular scientific codes and
flexible useffriendly interfaces; (3) technologies for managing and analyzing large volumes of complex
scientific data; and (4) collaboration tools that enhance the ability of scientists to lead and participate in
expetimental operations on remote facilities.

The simulation and data analysis tools should be developed using modern software techniques, should be
capable of exploiting the potential of current and next generation high performance computational
systems, anghould be based on high fidelity physics models. The applications submitted in response to
this call should have a strong potential for commercialization and should not propose work that is normally
funded by program funds. Although applications submittedhis topical area should primarily address

the simulation and data analysis needs of magnetic fusion energy science, applications proposing the
development of tools and methodologies that have a broader applicability, and hence increased
commercializabn potential, are encouraged.
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Questiong; Contact:John Mandrekagphn.mandrekas@science.doe.gov

d. Components and Modeling Support for Validation Platforms for Fusion Science
Smaliscale plasma resrch experiments in the FES program have the-teng performance measure of
demonstrating enhanced fundamental understanding of magnetic confinement and improving the basis
for future burning plasma experiments. This can be accomplished through otéstis and validations
of the linkage between prediction and measurement for scientific leverage in testing the theories and
scaling the phenomena that are relevant to future burning plasma systems. This research includes
investigations in a variety of noepts such as stellarators, spherical tori, and reversed field pinches. Key
program issues include initiation and increase of plasma current; dissipation of plasma exhaust power;
symmetrictorus confinement prediction; stability, continuity, and profdentrol of lowaspectratio
symmetric tori; quassymmetric and threalimensional shaping benefits to toroidal confinement
performance; divertor design for thredgimensional magnetic confinement configurations, and the plasma
materials interface. Grant gications are sought for scientific and engineering developments, including
computational modeling, in support of current experiments in these research activities, in particular for
the smallscale concept exploration experiments. The proposed work shuaNe a strong potential for
commercialization. Overall, support of research that can best help deepen the scientific foundations of
understanding and improve the tokamak concept is an important focus area for grant applications.

Questions; Contact:San Barishsam.barish@science.doe.gov

e. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic descripti@bove.

Questions; Contact:Barry Sullivarbarry.sullivan@science.doe.gov

References:Subtopic b:
1. Phillips, C.K., and Wilson, J. R., 2011, Radio Frequency Power in Plasmas: Proceedings of the 19th
Topical Conference, AIP Conference Proceedings, Volume 1468, SBN: 97-8-73540978 1.
http://scitation.aip.org/content/aip/proceeding/aipcp/1406

2. Henderson, M.A,, et al., 200A Revised ITER EC System Baseline Design Proposal, Proceedings of th
15th Joint Workshop on Electron Cyclotron Emission and Electron Cyclotron Resonance Heating, Wor
Scientific Publishing Co., ISBN: -983-281-463-0.
http://adsabs.harvard.edu/abs/2009ecee.conf..458H

3. Lohr, J., et al., 2011, The Multiple Gyrotron System on thédDlIibkamak, Journal of Infrared,
Millimeter and Terahertz Waves, Volume 32, Issue 3, p-227=3
http://www.springerlink.com/content/9t6k415838802066/

4. Omori, T., et al., 2011, Overview of the ITER EC H&CD System and Its Capabilities, Fusion Engineerii
and Design, Volume 86, Issue8,§.951-954.
http://infoscience.epfl.ch/record/176865
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5.

Shapiro, M.A,, et al., 2010, Loss Estimate for ITER ECH Transmission Line Including Multimode
Propagation, Fusion Science and Technology, Voluiméssue 3. p. 19807.
http://www.new.ans.org/pubs/journals/fst/a_9467

References:Subtopicc:

1.

Terry, P.W., et al., 2008, Validation in Fusion Research: Towards Guidelines and Best PPPhgisics
of Plasmas, Volume 15, Issue 0623@8://aip.scitation.org/doi/10.1063/1.2928909

. Schissel, P., et al., 2006, Collaborative Technologies for Distributed Science: Fusionrigndigly a

energy Physics, Journal of Physics: Conference Series, Volume 46106102
http://iopscience.iop.org/17426596/46/1/015

Klasky, S., et al., 2005, Data Management on the Fusion@anomal Pipeline, Journal of Physics:
Conference Series, Volume 16, p. BHRD. http://iopscience.iop.org/17426596/16/1/070

Cohen, J., & Garland, M., 2009, Solving Computational Problem&Wi) Computing, Computing in
Science and Engineering, Volume 11, p638
http://www.computer.org/csdl/mags/cs/2009/05/mcs200905005hs.html

Greenwald, M., et al., A2, A Metadata Catalog for Organization and Systemization of Fusion
Simulation Data, Fusion Engineering and Design, Volume 87, Issue 12,-@22305
http://www.sciencedired¢.com/science/article/pii/S0920379612002025

United States Department of Energy, 2015, Report of the Workshop on Integrated Simulations for
Magnetic Fusion Energy Sciences.
http://science.enerqy.gov/~/media/fes/pdf/workshopeports/2016/ISFusionWorkshopReport -12-

2015.pdf

References:Subtopicd:

1.

Proceedings from the Workshop on Exploratory Topics in Plasma and Fusion Research (ERR3013),
Fort Worth, Texasttp://www.iccworkshops.org/epr2013/proceedings.php

Office of Fusion Energy Sciences, 2009, Research Needs for Magnetic Fusion Energy Sciences, Rept
the Research Needs Workshop (ReNeW), U. S. Department of Energy.
http://science.enerqgy.gov/~/media/fes/pdf/workshop

reports/Res _needs_mag_fusioreport_june 2009.pdf

22.PLASMA APPLICATIONS

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Building upon fundamental plasma sciencettier developments are sought in plasma sources, plasma
surface interactions, and plasma control science that can enable new plasma technologies or marketable
product and impact in other areas or disciplines leading to even greater societal benefit. lhesfon

utilizing fundamental plasma science knowledge and turning it into new applications.
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One of the prime opportunity for new applications is in the area of low temperature plasmas. Low
temperature plasma science and engineering addresses reseatctieselopment in partially ionized gases

with electron temperatures typically below 10 eV. This is a field that accounts for an enormous range of
practical applications, from light sources and lasers to surgery and making computer chips, among many
others.The commercial and technical value of low temperature plasma (LTP) is well established where much
of this benefit has resulted from empirical development. As the technology becomes more complex and
addresses new fields, such as energy and biotechnolaggireism rapidly becomes inadequate to advance

the state of the art. Predictive capability and improved understanding of the plasma state becomes crucial to
address many of the intellectually exciting scientific challenges of this field. All Low temesgpéama

proposals must have a strong commercialization potential.

Grant applications are sought in the following subtopics:

a. LowTemperature Plasma Science and Technology for Biology and Biomedicine
One of the current challenges identified in the ar@adiological and medical applications of low
temperature plasmas is improving our current understanding and scientific knowledge in the area of
plasmabiomatter interactions. Specific examples include but are not limited to: plasasad bacterial
inactivation, cancer cell modification, etc.

Questiong; Contact:Curt Boltoncurt.bolton@science.doe.gov

b. LowTemperature Plasma Science and Engineering for Plasma Nanotechnology
Another current challenge lsabeen identified in plasma assisted material synthesis for improving our
current understanding and scientific knowledge in the area of plasma nanotechnology. Specific examples
include but are not limited to: plasmiaased nanotubes, submicron matters, etc.

Questiong; Contact:Curt Boltoncurt.bolton@science.doe.gov

c. LowTemperature Plasma Chemistry for a Cleaner Environment
Clean supplies of energy, water and air constitute some of the largest glebatifor the near
future. Low temperature plasmas offer a possible path to these supplies. Examples include the generatior
of syngas, as a catalyst for changing CO2 into carbonates, efficient small scale generation of NH3, and th
generation of liquid trasportation fuels from CO2. Low temperature plasmas chemistry also show
promise in the area of purification of recycled and polluted water by disinfecting it and degrading organic
pollutants. Chemical processing leaves residual toxicity, while ultrayiodeessing inefficiently consumes
electricity, and neither method degrades all pharmaceuticdlschniques using plasmas for supplies of
clean energy, water and air are sought.

Questiong; Contact:Curt Boltoncurt.bolton@science.doe.gov

d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
of plasma applications including plasmas separation technology, plasma assisted combustion, MHD
power generation, and neutron sources.

Questiong; Contact:Curt Boltoncurt.bolton@science.doe.gov
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provide mankind with new insights into the fundamental nature of energy and matter and the forces that
control them. This program is a major component of the Dpant's fundamental research mission. Such
fundamental research provides the necessary foundation that enables the nation to advance its scientific
knowledge and technological capabilities, to advance its industrial competitiveness, and to discoverdnew an
innovative approaches to its energy future.

The DOE HEP program supports research in three discovery frontiers, namely, the energy frontier, the
intensity frontier, and the cosmic frontier. Experimental research in HEP is largely performed by unaretsity
national laboratory scientists, often using particle accelerators located at major laboratories in the U.S. and
abroad. Under the HEP program, the Department operates the Fermi National Accelerator Laboratory
(Fermilab) near Chicago, IL. The Departtr@@so has a significant role in the Large Hadron Collider (LHC) at
the CERN laboratory in Switzerland. The Fermilab complex includes the Main Injector (which formerly fed the
now dormant Tevatron ring), which is used to create keglergy particle beamf physics experiments,
AyOfdzZRAY3 (KS 62NI RQa Yzald AyiaSyasS ySdziNAy2 oSIkY
operation of Fermilab's present and planned suite of neutrino and muon experiments at the Intensity Frontier.
A new Fermilalfacility in development, called RIP(Proton Improvement Plan Il) will greatly increase the
intensity of proton beams sent to the Main Injector. The SLAC National Accelerator Laboratory and the
Lawrence Berkeley National Laboratory are involved in theegieof stateof-the-art accelerators and related
facilities for use in higlenergy physics, condensed matter research, and related fields. SLAC facilities include
the three kilometer long Stanford Linear Accelerator capable of generating high energintbiggity electron

and positron beams. The first two kilometers of the linear accelerator are used for the Facility for Advanced
Accelerator Experimental Tests (FACET), now undergoing an upgrade calledl FACEgonne National
Laboratory, also neathicago, resides the Argonne Wakefield Accelerator (AWA) facility, which houses two
test electron accelerators, one for 15 MeV electrons, and the other for 70 MeV electrons. Experiments focus
on two-beam and collinear wakefield acceleration as well asste§novel accelerator structures and beam

line components. Brookhaven National Laboratory operates the Accelerator Test Facility, which supports
accelerator science and technology demonstrations with electron and laser beams. While much progress has
beenmade during the past five decades in our understanding of particle physics, future progress depends on
great degree of availability of new statd-the-art technology for accelerators, colliders, and detectors

operating at the high energy and/or high émtsity frontiers.

Within HEP, the Advanced Technology subprogram supports the research and development required to
extend relevant areas of technology in order to support the operations of highly specialized accelerators,
colliding beam facilities, and textor facilities which are essential to the goals of the overall HEP program. As
stewards of accelerator technology for the nation, HEP also supports development of new concepts and
capabilities that further scientific and commercial needs beyond theodey science mission. The DOE SBIR
program provides a focused opportunity and mechanism for small businesses to contribute new ideas and
new technologies to the pool of knowledge and technical capabilities required for continued progress in HEP
researchand to turn these novel ideas and technologies into new business ventures.

For additional information regarding the Office of High Energy Physics priotit@shere

23. ADVANCED CONCEPTHANCHNOLOGOYR PARTICLE ACCABLBIRS

| Maximum Phase | Award Amou150000 | Maximum Phase || Award Amount: §20,000 |
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| Accepting SBIR Phase | Applications: YES | Accepting STTR Phase | Applications: YES |

The DOE HEP program supports a broad research and develoffR&db} effort in the science, engineering,

and technology of charged particle accelerators, storage rings, and associated apparatus. The strategic plan
HEP includes initiatives on the energy and intensity frontiers, relying on accelerators capabiessinde

beams of the required energy and intensity. As high energy physics facilities get bigger and more costly, the
DOE HEP program seeks to develop advanced technologies that can be used to reduce the overall machine
size and cost, and also to develogw concepts and capabilities that further scientific and commercial needs
0S@2yYR |19t Qa RA&AO20OSNE a0OASYyOS YAdaAz2y o

In many cases the technology sought is closely tied to a specific machine concept which sets the specificatio
(and tolerances) for the tdmology. Applicants are strongly encouraged to review the references provided.
Applications to subtopics specifically associated with a machine concept that do not closely adhere to the
specifications of the machine will be considered n@sponsive. Fosubtopics that are not machingpecific,
applicants are strongly advised to understand the statethe-art and to clearly describe in the application

what guantitative advances in the technology will result.

Grant applications are sought only in theléaVing subtopics:

a. 3D Printing of Accelerator Components
Grant application are sought to develop exotic metal powders for use in Binder Jetting, Direct Metal Laser
Sintering, or Bound Metal Deposition 3D printers for accelerator components. Exotic metaiaisafor
Binder Jetting, Direct Metal Laser Sintering, and Bound Metal Deposition 3D printing of accelerator
components. Many accelerator components must be produced from exotic metals for various beam
physics and engineering reasons. An example isisleeof niobium for superconducting RF cavities and
ancillary components. Current production methods utilize machining and welding, and make fabrication of
complex geometries difficult, slow, and costly. 3D printing allows complex geometries to be fadbricate
easily and quickly, but a lot of the exotic materials are not available for printing yet. Binder Jetting and
Bound Metal Deposition printers offer a relatively low cost of entry into metal 3D printing, and use
standard Metal Injection Molding (MIM) powdeas feed material. Direct Metal Laser Sintering (DMLS)
printers cost more, and utilize special uniform grain size powders as their feed material. Development of
exotic metal powders (such as niobium) for any of these 3 printing processes would opeintdig @s an
option for the production of complex accelerator components.

Questionsg; Contact:John Bogefjpohn.boger@science.doe.gov

b. Wakefield Acceleration
Grant applications are sought to develop pesty shaped plasma target density profiles for emittance
control and density tailoring for injection and guidance into laser plasma accelerators. In particular,
GNI YAGSNES (GFAf2NAY3I (G2 LINRPRdzOS ySI NI @intiiingf f 2 4 ¢
laser guiding is important to create the desired magnitude of focusing forces for the electron beam and to
mitigate scattering induced degradation of electron beam emittance while also providing laser
guiding. Longitudinal tailoring along the rdiction of laser propagation enables particle injection control
via modulation of the plasma wave phase velocity to induce injectigproaches could include the use of
pulsed gas jets, clustered gas jets or capillary structurBglirogen plasmas or dters are important to
SylroftS dzasS 2F (GKS NBadzZ dAy3a LI FayYlr F2N KAIK Ay
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needed. For clustered targets, carefully controlled size/composition, and high mean density, is important
to density tailoring.

Grant applications are sought for efficient 3D modeling of capidegharge plasmas. Fundamental
improvements to the energy, brightness, stability, and repeatability of lepton beamsgtasmabased
accelerators in the next generation of experimentill require fundamental improvements ihe
understanding, design, and control of the plasmas used for both injection and acceleration, including
tailored 3D density profiles [1,2]. For example, an efficient laser plasma accelerator (LPA) [1] rdwpiires t
laser pulse tppropagate many Rayleigh lengths without diffraction; this is accomplished via plasma
columns that minimiz@lasma density along the laser propagation axis [3,4]. For a positieen plasma
wakefield accelerator (PWFAptimal wakefield are achieved with hollow or neaiollow plasma
channels [5]. Control of the longitudingllasma density profile is required for dowamp injection in LPAs
and for improved resonant injection PWFAs. Moreover, the use of capillary discharges as areacti
plasma lens for relativistic electron beamsiler way in a number of experimental facilities around the
world [6]. Massively parallel 3D MHD simulati@fiplasma formation and evolution are required to
support plasma accelerator experimerasd to indamentally improve the quality and reliability of the
accelerated electron and positron beams.

Grant applications are sought for research on novel electron beawen, structurebased wakefield
accelerators, either dielectric or metallic, for use ither collinear wakefield accelerators (CWA) or two

beam accelerators (TBA). Electron accelerators achieving accelerating gradients greater than 300 MV/m |
the GHZTHz range are sought. [7]

Grant applications are sought for an externally injected ma@nbaource for wakefield accelerators in the
GHzTHz regime. Such electron sources must (1) generate linear collider quality beams with ultralow
emittance beams (~0.1 micron at ~1nC) and/or (2) utilize longitudinal main beam shaping to achieve high
"RF tomain beam" efficiency (>=50%). [8]

Grant applications are sought for an electron drive beam source for wakefield acceleration. Alternative
techniques for the generation of (i) single drive beams with longitudinally shaped current profile to achieve
hightransformer ratio (TR>2) and/or (ii) muliinch drive trains for advanced accelerators (structure or
plasma wakefield) for acceleration of highightness beams. [9]

Questions; Contact:John Bogefjphn.boger@science.doe.qgov

Beam Diagnostics Tools

Grant applications are sought to develop novel diagnostic techniques for transverse and longitudinal
characterization and optimization of high intensity electron and proton beams. The specific researsh topic
of interest include but are not limited to neimtercepting beam profile monitors, halo and beam loss
monitors, and time of arrival diagnostics. Techniques that do not intercept the beam are preferred but
others will be considered.

In addition, grant aplications are sought to develop spatial and temporal diagnostic systems for single
electron experiments, such as characterization of a single electron oscillations in a storage ring. [10,11,12
Grant applications are sought to develop lowast, noninterceptive diagnostics (e.g. charge, position,

bunch length) with large dynamic range such as the Argonne Wakefield Accelerator (AWA) drive electron
beam (1pC to 100nC) electron bunch. [13]
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Questions; Contact:John Bogefjpohn.boger@science.doe.gov

. Non-Linear Magnets for High Dynamic Aperture Lattices

Grant applications are sought for ndinear magnets for high dynamic aperture lattices. Beam intensity
limitations in modern particle accelerators are oftdominated by the acceptance and/or dynamic

aperture of linear beam optics lattices. Recently, a solution for boundedinear motion has been
suggested that utilizes specially designed magnetic inserts, resulting tnadlesd Integrable Optics (10)
beamline, which can support much larger beam currents than an equivalent linear lattice. It was shown
that an 10 magnetic lattice could be used to design an integrable Rapid Cycling Synchrotron (iRCS) as a
much higher current replacement for the Booster Synotion at Fermilab.

Questions; Contact:John Bogefjpohn.boger@science.doe.gov

. Activation Studies and Shielding Design

Beam halo and the associated particle loss is a limiting factor in acceleratgn@esl operation for both

the energy frontier and the intensity frontier, as well as for lntluwen user facilities. Present (and

planned) facilities for advanced accelerator concepts continue to increase the peak energy and intensity,
as well as the arage power of the accelerated electron beams. Beam loss, beam dumps and the
associated activation can no longer be ignored if advanced concepts are to be seriously included in the
DOE HEP timeline.

Grant applications are sought for each of the followthgee subtopics:

1 To improve, harden, and commercialize community codes capable of simulating 3D hadronic and
electromagnetic cascades, muon, heaoy and lowenergy neutron transport in accelerator,
detector and shielding components in the energy rangenfizero to 100 TeV.

1 To develop new or improved computational tools for the design, study, or operation of charged
particlebeam optical systems, accelerator systems, or accelerator components. These tools shoulc
incorporate innovative usefriendly interfeces, with emphasis on graphical user interfaces and
windows, and tools to translate between standard formats of accelerator lattice description.

1 For the conversion of existing codes to incorporate these interfaces (providing that existing
copyrights are prtected and that applications include the authors' statements of permission
where appropriate).

Questions; Contact:.John Bogefjphn.boger@science.doe.gov

Electron Lenses

Beam halo and the associatedrpele loss is a limiting factor in the LHC collider rings. For the high
luminosity upgrade HLHC, the collimation system will have to face the challenge of unprecedented beam
powers. No suitable beam halo scrapers currently exist.

Collimation with hollev electron beams is a promising advanced concept for active halo control. It was
demonstrated at the Fermilab Tevatron collider and it has recently been reviewed and recommended for
HL-LHC. Experimental and computational studies of hollow electron lemzkthair effect on hadron ring

beam dynamics are required to optimize the design and to reduce risk. Electron lenses also show promise
for space charge compensation and nonlinear integral optics, both of which could reduce the formation of
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beam halo at thentensity frontier for hadron rings. Grant applications are sought for development of
more accurate simulation and design tools for electron lens systems. [14]

Questions; Contact:John Bogefjphn.boger@sience.doe.qgov

Other

In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questions; Contact:John Bogefjpohn.boger@science.doe.gov
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24.RADIO FREQUENCY AERATOR TECHNOLOGY

Maximum Phase | Award Amou®t50000 Maximum Phase Il Award Amount: §20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Radio frequency (RF) technology is a key technology common to all high energy accelBfatwarces with
improved efficiency and accelerating structures with increased accelerating gradient are important for keepini
the cost down for future machines. DEP seeks advances directly relevant to HEP applications, and also
new conceptsandcagar f AGASa GKIFG FdzZNOKSNI a0OASYUGAFAO yR O2
mission.

In many cases the technology sought is closely tied to a specific machine concept which sets the specificatio
(and tolerances) for the technology. Applicants atrongly encouraged to review the references provided.
Applications to subtopics specifically associated with a machine concept that do not closely adhere to the
specifications of the machine will be considered n@sponsive.

For subtopics that areat machinespecific, applicants are strongly advised to understand the si&tthe-art
and to clearly describe in the application what quantitative advances in the technology will result.

a. Cooling Systems for HigHeatDensity RF Devices
Grant applicatias are sought for the design and fabrication of a cooling system foriaghdensity RF
devices. Specific area of interest includes: Cooling transistors in the high frequency, broadband pulsed
power generator for the proposed RIPMEBT beam deflectoA minimum requirement is cooling a chain
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of at least four transistors (200 W/cm2 per transistor) surface mounted on one substrate made from
dielectric material having very high thermal conductivity, where the heat should be transferred through
the dielectic material to the cooling medium. The heat transfer should not use any electrically conductive
material. The mechanical design of the cooling elements should present minimum parasitic capacitance tt
ground (less than 1 pF per transistor is desirable).ifliim power dissipation per substrate should be at
least 120 W. [1,2]

Questions; Contact:John Bogefjpohn.boger@science.doe.gov

b. High Gradient Accelerator Research and Development
Grant applications arsought to develop an advanced ACE3P code for accelerator canibiesal or
superconductingthat allows an automated statb-end use of CAD within the shape optimization
process.Although ACE3P currently incorporates shape optimization algorithmse# dot support the
start-to-end use of CAD within the overall optimization process. Users of ACE3P must therefore stop the
workflow and manually update the cavity design variables before proceeding. Shape optimization
techniques that iteratively link theptimization algorithms in ACE3P to a CAD model of the cavity would
facilitate mesh adaptation and generation at each step of the optimization cycle and alleviate the time
consuming need for manual intervention. This topic therefore requests a new chajpe ®ptimization
code that integrates the workflow between one stao-end ACE3P cycle, a CAD tool to update the cavity
design based on ACE3P, the meshing tool, and the A&E3P cycle. [3]

Questiong; Contact:John Bogefjpohn.boger@science.doe.gov

c. High Efficiency High Average Power RF Sources
Future high power accelerators will require highly efficient sources of megalas radiofrequency
power. R&D to significantly improve the power efficieméyhigh-averagepower (CW or high duty factor)
radiofrequency tubes is sought. Net tube power efficiency (including focusing magnet power) must exceet
80%, and average tube power must exceed B0Q with a pulse format (peak power, pulse length) that is
appropriate for either normal conducting or superconducting accelerators, and an output that is stably
phase locked to an external reference. The proposed device must provide an economical route to
producing 1 MW or more of average power by scaling, coharentbination, or both. Priority will be
given to applications that develop RF power sources operating at frequencies that are in widespread use
the large Office of Science accelerators.

Questions; Contact:Eric ColbyEric.Colby@science.doe.gov

d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questions; Contact:John Bogefjpohn.boger@science.doe.gov
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25.LASER TECHNOLOGY R&R ACCELERATORS

Maximum Phase | Award Amou150000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
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Lasers are used or proposed for usenany areas of accelerator applications: as drivers for novel accelerator
concepts for future colliders; in the generation, manipulation, andyseeding of electron beams; in the
generation of electromagnetic radiation ranging from THz to gamma aaykin the generation of neutron,
proton, and light ion beams. In many cases ultrafast lasers with pulse lengths well below a picosecond are
required, with excellent stability, reliability, and beam quality. With applications demanding ever higher fluxes
of particles and radiation, the driving laser technology must also increase in repetitian aatthence

average power to meet the demand. Please note that proposals submitted in this topic should clearly

F NOGAOdzE S (KS NBf SO yOfssichT 0KS LINRPLIZASR wgb5 (2
This topic area is aimed at developing technologies for (1) ultrafast lasers capable of high average power
(kilowatt-class) operating at the high electrig¢aloptical efficiency (>20%) needed for advanced accelerator
applications, and (2) higlverage power custorpulsestructure lasers for beam manipulation and diagnosis.

In category (1), accelerator applications of ultrafast lasers call for one of the following four basic specification:

Type | Type Il Type |l Type IV
Wavelength (microp | 1.52.0 0.82.0 2.05.0 2.0-10.0
Pulse Energy 3 microJ 3J 0.0x1J |[300J
Pulse Length 300 fs 30¢100fs |50 fs 100c500 fs
Repetition Rate 1¢1300 MHz| 1 kHz 1 MHz 100 Hz
Average Power Upto 3 kW | 3 kW 3 kW and | 30 kW

up

Energy Stability <1 % <0.1% <1% <1%
Beam Quality M2<1.1 Strehl>0.95 M2<1.1 | M2<1.1
Walkplug Efficiency | >30% >20% >20% >20%
Pre-Pulse Contrast N/A >109 N/A >109
CERcapable Required N/A Required | N/A
Optical Phase Noise | <50 N/A <50 N/A
Wavelength Tunability 0.1% 0.1% 10% 0.1%
Range

In category (2), longepulse lasers are finding increasing application in the control and diagnosis of proton and
H-minus beams. Near IR lasers are used in a variety of applications ranging from partial neutralization of H
minus beams (0.75 eV bindingexgy) for diagnostics to total neutralization (for notching and phase space
sculpting). UV lasers are used for stripping neutral hydrogen beams (13.6 eV binding energy) by resonantly
exciting the atom, then Lorentz stripping the more loosely bound eledtr@strong magnetic field. As

proton machines move steadily into the megawatt beam power range, the need feintercepting

techniques to control and diagnose such beams will motivate increased use of lasers, and the increased duty
factor of such machies will motivate increases in the average power of lasers used for this purpose.

Grant applications are sought to develop lasers and laser technologies for accelerator applications only in the
following specific areas:

a. Cost Reduction of Ultrafast Fibéraser Components
One route to achieving high peak and average power is to coherently combine the output of many (e.g.
thousands of) ultrafast fiber lasers. In this case, power efficiency, beam quality, compactness, reliability,
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stability, and low cost ahe individual lasers are each essential. Note that components and subsystems
must be developed for propagating and amplifying higtality (M2<1.2) ultrafast (<108) laser pulses.
Proposals that develop integrated subsystems (e.g. a soiglanel fibemamplifier chain) will be given
highest priority, although proposals for individual components that offer revolutionary gains in any of the
performance characteristics above, and/or in the cost per channel will also be welcomed. While Yb:fiber
components g highest priority, Tm:fiber components are also encouraged.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

. Novel, Scalable Techniques for Carrienvelope Phase Locking of Multiple Fibeskers

Combining many fiber lasers coherently for accelerator applications will require stable locking of 10s to
100s of fiber amplifier channels to within a small fraction of an optical period. Proposals to develop a low
noise carrier envelope phase (CERhnology that is robust, losxgost, and applicable to large numbers of
fiber lasers is sought. Novel architectures employing either continuum generation or direct comb
generation by optical parametric oscillator techniques to enablehoige f2f lockingare sought. Systems
must not contain any frespace optics, and priority will be given to highly integrated solutions that
minimize the number of fiber connections required. Locking system must demonstrate a CEP locking
performance better than 45 degre€dMS of optical phase, and a credible technology path must exist to
economically achieving less than 5 degrees RMS locking performance, when measured between any two
stabilized fiber lasers. Systems suitable for use at 1@k MHz repetition rates andha nearIR fiber

laser type (Yb, Er, or Tm) are sought.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

CeramieBased Optical Materials

To achieve high average power and high peak poweregjllire new gain materials with superior damage
threshold, dopant density, optical bandwidth, and thermal properties. Sintered laser gain materials for
ultrafast lasers offer promise of achieving many of these characteristics. Candidate materials neist achi
broad bandwidth (>10%), high peak power (>10 TW), and endure sustained high average power (>kW)
operation. Proposals to develop new laser gain materials and/or advanced sintering techniques for
producing very high quality laser gain media are sougiop@sals to develop techniques capable of
producing precisely controlled spatial gain profiles are strongly encouraged.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

. High Reliability Arbitary Pulse Pattern Laser Amplifiers for Beam Control and Diagnostics

Grant applications are sought for high reliability, variable pyplattern, high repetitionrate, intense near

IR lasers for neutralizing, notching, tailoring, and diagnosingritis bems. The primary challenges of

such systems and similar to those of an industrial engraving and marking laser system, and are: (1)
robustness and reliability, (2) stable operation despite arbitrary bunch patterns and widely variable output
power, and (3) ampactness.

In the typical application, the laser will be installed and operated in a harsh industrial environment, and
will be required to operate with greater than 99% uptime. The laser must be engineered to allow reliable
remote operation, requiring @ more than one handsn intervention per day to maintain operating
parameters. A compact configuration (e.g. less than 1 m x 1 m x 1 m) with suitable environmental controls
and EMI shielding is required.
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The amplifier will be seeded by a computamtrolled external source that provides arbitrary pulse bursts

at up to 60 Hz that last up to 100 microseconds, with individual pulses occurring at a rate of 500 kHz. The
individual pulses are gated out of a 2BHz pulse train that is phadecked to an exteral microwave
reference. Similarly, the 500 kHz and 60 Hz substructures are controlled by an external timing system anc
are variable. The pulse energy and pulse lengtheash variable, ranging up tordJ in a 2 nanosecond
duration flattop micro-pulse. U to 3000 pulses per second from the 200 MHz pulse train may be

amplified to full energy, requiring an average output power of up to 6 W. Output must be tefraeee,

with an Msquared less than 1.5. Beam pointing jitter and divergence jitter must bemazied such that

the focal spot, when relay imaged several meters away, has less than 1/10 w0 position jitter and less thar
1/10 wO diameter variation (WO is the Gaussian waist size), irrespective of the number of pulses amplified
per second.

While curren applications call for very modest average power, within the next decade systems capable of
much higher duty factor operation and consequently much higher average laser power (excekdig 3

will be needed. Therefore, priority will be given to applicaidhat not only meet the parameters for the
first-generation systems, but can demonstrate a clear technology path to-kiMtoperation over the

next 510 years.

Questions; Contact:Eric Colbyeric.colty@science.doe.gov

. Aperture-Scalable High Performance Diffraction Gratings

Diffraction gratings are employed in high energy laser systems in several ways, including pump waveleng
stabilization, spectral beam combining, pulse compression, andfieddispatial filtering. These

components are of critical importance in enabling high average power petashads laser systems.
Traditional surfacestched gratings, while aperture scalable, suffer from poor diffraction efficiency and

high loss. Volumetricrgtings deliver high diffraction efficiencies with excellent spectral and angular
selectivity, but suffer from poor uniformity when scaling to large apertures needed in high energy laser
systems.

Grant proposals are sought which would enable scalingspfedsive optical elements to large apertures
(greater than 1&m x 10 cm) while maintaining excellent uniformity (<quarter wave of distortion over the
active aperture), good bandwidth performance (>5% minimum, with >10% preferred), high diffraction
efficiency (>95% minimum at 1 micron or >90% minimum at 10 microns), and high optical damage
threshold (>0.5 J/cm2 at 1 ps or >18m2 at 1 ns). Of particular interest are technologies which enable
such improvements while reducing the cost of such components.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

Computer Modeling and Development of High Power Coatings for Ultrafast Optics

An identified common bottleneck for all high average and higakgpower lasers for accelerator

applications is the damage threshold of coatings. Grant applications are sought to increase understandin
of laser damage and to develop coatings with higher damage threshold. Particular interest is in coatings
suitable br femtoseconeclass pulses. Designing robust optics lasting billions of shots requires the
development of predictive modeling of laser damage. Developing tools to fully understand and optimize
the effective pulse profile that an optic sees, and incnegshe damage threshold, are critical and will
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have very significant benefits, including size and cost reduction of the laser systems as well as reliability
and longevity.

Proposals are sought for R&D leading to ultrafast coatings supporting 10% miniamawidth operation

with very low dispersion, very low absorption loss (consistent with minimal theramallyced wavefront
distortion at incident average power densities of 100 W/cm2), and laser damage thresholidcfd s
minimum) for sukpicosecond puks operation. Coating techniques must be scalable to large apertures
(e.g., 10 cm x 10 cm) and coatings should be cleanable in the field by standard techniques. Wavelengths
interest are primarily in the neaR from 0.8 microns to 2 microns, but advanigebroadband high

damage threshold coatings for use ail® microns are also of interest.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

. Endto-End Systems Modeling of Large Ultrafast LiaSgstems

Development and engineering of complex stafiethe-art femtosecond laser systems requires

sophisticated computational design tools and predictive models. Fully integrated 4D modeling tools are
needed to design and use high power laser systeamsadcelerator applications. An example would be
calculating the pump distribution and amplified spontaneous emission (ASE) in an amplifier, calculating th
effective gain distribution in the amplifier, calculating and accounting for heat loading anddiawusing

the resulting gain and refractive index distributions to conduct an integrated propagation simulation for a
chain of amplifiers.

Grant proposals are sought for the development of computational tools that supporteedd design of
laser systms, to include accurate modeling of pump light absorption and sgatigoral gain modeling;
calculation of ASE in unseeded and seeded amplifier chains; accurate modeling of the propagation and
amplification of the seed pulse, including higieeder effeds such as gain narrowing, thermal lensing,
pump depletion, Bntegral effects, and dispersion. While a general code capable of modeling either fiber
laser systems or fregpace laser systems is desired, a highly optimized solution addressing just one
archtecture type is also of interest.

Optional but highly desirable features include: sophisticated parametric system optimization, estimation of
carrier envelope phase distortions, modeling trains of phasel spectrallyencoded pulses, and the
ability to support Raman and Brillouin scattering effects (esp. for fiber systems) in a future code release.

Questions; Contact:Eric Colbyeric.colby@science.doe.gov

. High Efficiency Spatial Mode Shaping andh@ol for High Power Ultrafast Lasers
Research on the development of laser plasma accelerators has identified laser transverse model shaping
and control, to ensure high efficiency guiding in plasma channels, as one of the key challenges.

Grant proposalsire sought to develop fully passive (i.e. using no adaptive optics) methods for producing
high Strehlratio (>0.95) Gaussidike farfield profiles from flaitop nearfield profiles, for lasers in the
femtosecondclass with tens of Joules of pulse ener@ynplicity, robustness, and cost are key
considerations of such a mode shaping system. Interest is primarily for Ti:Sapphire systems, but mode
shapers suitable for ultrafast high energy Tm lasers are also of interest.

Questions; Contact:Eric Colbygric.colby@science.doe.gov
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Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questions¢ Contact:Eric Colbyeric.colby@science.doe.gov

References:

1. Workshop on Laser Technology for Accelerators, 2013, U. S. Department of Energy, Office of Science
http://science.energy.gov/~/media/hep/pdf/acceleratend-
stewardship/Lasers_for_Accelerators Report_Final.pdf

2. Zgadzaj, R., Gaul, E., and Downer, M., 2012, Advaamsderator Concepts: 15th Advanced
Accelerator Concepts WorkshaoplP Conference Proceediny®lume 1507, Austin, TX, ISBN: 908
735411258. http://aip.scitation.org/toc/apc/1507/1?e&panded=1507

26. SUPERCONDUCTOR TEQIMIMGIES FOR PARTIRCEELERATORS

Maximum Phase | Award Amouist1 50000 Maximum Phase Il Award Amount: §20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Superconducting ntarials are widely used in particle accelerators to create large continuous electric and
magnetic fields for beam acceleration and manipulation. Advanced R&D is needed in support of this researck
in highfield superconductor, superconducting magnet, angesconducting RF technologies. This topic
addresses only those superconducting magnet development technologies that support accelerators, storage
rings, and charged particle beam transport systems, and only those superconducting wire technologies that
support long strand lengths suitable for winding magnets without splices.

Grant applications are sought only in the following subtopics:

a. HighField Superconducting Wire and Cable Technologies for Magnets

Grant applications are sought to develop new or ioywd superconducting wire for high field magnets

that operate at 16 Tesla (T) field and higher. Proposals should address production scale (> 3 km continuo
lengths) wire technologies at 16 to 25 T and demonstration scale (>1 km lengths) wire technai@jies

to 50 T. Current densities should be at least 400 amperes per square millimeter of straneseicigm

(often called the engineering current density) at the target field of operation and 4.2 K temperature.
Tooling and handling requirements restngire crosssectional area to the range 0.4 to 2.0 square
millimeters, with transverse dimension not less than 0.25 mm. Vacuum requirements in accelerators and
storage rings favor operating temperatures below 20 K, so-tegiperature superconducting wire
technologies will be evaluated only in this temperature rarfg@mary conductors of interest are the HTS
materials Bi2Sr2CaCu208-22i12), and (RE)Ba2Cu307 (ReBCO) that are engineered for high field magne
applications; new architectures or processingthwals that significantly lower the cost of Nb3Sn wire may
also be of interest. Other materials may be considered if high field performance, length, and cost
equivalent to these primary materials can be demonstrated. All grant applications must resuiin wi
technology that will be acceptable for accelerator magnets, including not only the operating conditions
mentioned above, but also production of a sufficient amount of material (1 km minimum continuous
length) for winding and testing cables and subscaiés.
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New or improved wire technologies must demonstrate at least one of the following criteria in comparison
to present art: (1) property improvement, such as higher current density or higher operating field; (2)
improved tolerance to property degration as a function of applied strain; (3) reduced transverse
dimensions of the superconducting filaments (sometimes called the effective flament diameter), in
particular to less than 30 micrometers at 1 mm wire diameter, with minimal concurrent reduxtitbre

thermal conductivity of the stabilizer or strand critical current density; (4) innovative geometry for ReBCO
materials that leads to lower magnet inductance (cables) and lower losses under changing transverse
magnetic fields; (5) correction of spBc processing flaws (not general improvements in processing), to
achieve properties in wires of more than 1 km length that are presently restricted to wire lengths of 100 m
or less; (6) significant cost reduction for equal performance in all regardsciadly current density and
length.

Questiong; Contact:Ken Markenken.marken@science.doe.gov

. Superconducting Magnet Technology

Grant applications are sought to develop: (1) very high field (20 T amkadipole magnets; (2) designs

and prototypes for HTS/LTS hybrid solenoid systems capable of achieving 30 to 40T axial fields and warn
02NBa gAGK I RAIFYSGSNI xuH OYZI gKAOK FNB 2F AyidSN
and injectioninto a collider storage ring, but also have broader application; (3) alternative designs
traditional "cosine theta" dipole and "cosine twheta" quadrupole magnetg that may be more

compatible with the more fragile Nb3Sn and HTS/Highd superconuctors; (4) fast cycling HTS magnets
capable of operation at or above 4T/s; (5) reduction in magnetization induced harmonics in HTS magnets
(6) improved magnet designs and industrial fabrication methods for magnets, such as welding and
forming, that lea to lower costs; (7) quench protection in HTS magnets and HTS/LTS hybrid magnets;

Questiong; Contact:Ken Markenken.marken@science.doe.gov

Superconducting RF Cavities

Grant applications are sought tevelop:

(1) new SRF cavity designs with reduced RF frequency sensitivity to the Horeatdetuning and helium

bath pressure fluctuations. (2) New SRF cavity designs for operation with high current beams. The cavity
should provide efficient higlirder mode extraction while not sacrificing good SRF performance. The goal
of the new designs is to achieve highwder mode loaded quality factors in the 1203 range for

circular accelerators and 1@3104 range for linacs. (3) New fabrication and p&sing techniques for
niobium cavities to reduce the cost and improve quality factor and accelerating gradient (e.g., improved
welding technique, hydrdorming, doping, etc.) along with new materials for SRF cavity manufacturing.
RF components for SRF te&. (4) New cosefficient and improved reliability designs of higbwer input
couplers in the frequency range of 325 MHz to 1.3 GHz. (5)ddiglity low and mediunpower RF
components for SRF cavity tests (directional couplers, circulators, etccgartg tuners including fast

tuners providing wide tuner range (43). (5) SRF cryomodule diagnostics that aid in preserving the high
performance achieved by SRF cavities during vertical tests throughout the SRF cryomodule assembly,
commissioning and opetian. (6) New and improved methods for cavity diagnostics in a cryomodule,
including in situ Q0 measurements inexpensive sensors for residual magnetic field measurements at
cryogenic temperatures, novel sensors for helium pressure, flow, and level badiioaptics or other
technologies, vibration sensors in a cryogenic environment, distributed radiation and dark current/field
emission sensors using fiber optics at cryogenic temperatures. (7) In situ cleaning of SRF cavities inside t
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cryomodule, to ntigate field emission on both niobium and Nb3Sn cavities. Plasma cleaning is of interest
since it is already proven to be effective as asita technique of cleaning the cavity surface from organic
contaminants. Methods to improve the plasma cleaninghteque to remove field emitters of different
nature, as for example metallic flakes, are of interest. Techniques capable to mitigate field emission in

in the cryomodules are needed to ensure high accelerating gradients in modern and future machines.

Questiong; Contact:Ken Markenken.marken@science.doe.gov

d. Ancillary Technologies for Superconducting Magnets
Grant applications are sought for development of either new types of epoxies or modificatienssting
baseline epoxies (e.g. GID1K) used in magnet impregnation with improved thermal properties,
especially higher epoxy specific heat and/or thermal conductivity, which can significantly benefit the
operation of superconducting magnets. In adalit to thermal properties after curing, a qualified
impregnation epoxy must meet several criteria:

1 The capability to fill many samillimeter voids inside a magnet. This is usually associated with low
viscosity, long pot life and wetting of the surfacésther components (metal and fiber glass
insulation)

1 Cryogenic compatibility. The epoxy must be free of major cracking after cooling to the operation

temperature (1.% 77 K) and retain mechanical strength at cryogenic temperature.

Chemical compatibilityith other components in the magnet.

Radiation resistance. This is required for magnets that are exposed to radiation, such as those use

in high energy particle colliders.

= =

Grant applications are also sought for development of novel ideas aiming to imptalility of Nb3Sn
superconducting wires and cables for accelerator magnets.

Grant applications are sought to develop new hgkssure electrical insulation and coil fabrication
technology for superconducting magnets that result in less stress setysaind reduced quench
degradation.

Questiong; Contact:Ken Markenken.marken@science.doe.gov

e. Other
In addition to the specific subtopics listed above, the Department invites grant applications iraotiasr
that fall within the scope of the topic description above.

Questiong; Contact:Ken Markenken.marken@science.doe.gov
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27.HIGHSPEED ELECTRONICRUBIENTATION FOR BDAACQUISITION AND®BESSING

Maximum Phasé Award Amount$150000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

High Energy Physics experiments require advanced electronics and systems for the recording, processing
storage, distribution, and analysis of experimental data. Hhigbrity future experiments in the DOE Office of
High Energy Physics portfolio need advances that can benefit from small business contributions. These
experiments include those planned foragtldigh Luminosity (HL) upgrade of the Large Hadron Collider (LHC;
seewww.cern.ch) or potential future High Energy Colliders, neutrino experiments including those sited deep
underground (e.gwww.dunescience.org next generation direct searches for dark matter, and astrophysical
surveys to understand dark energy, including cosmic microwave background experiments.

We seek small business industrial partners to advance the sfateeart and/or increase cost effectiveness of
instrumentation needed for the above experiments and for the wider HEP community. Specific technical area
are given in the subtopics below. These are areas where experimental needs have been defined and
shortcomings of existing technology identified. R&D seeking new technology will typically be in progress at
DOE national laboratories and/or D@Eded universities. While the subtopics offer initial guidance about
specific technology areas, the scientistsalved are the best source of detailed information about

requirements and relevance to the experimental programs listed above. Applicants are therefore urged to
make early contact with lab and university scientists in order to develop germane proposatsai@iespecific
relevance to high energy physics programmatic needs is required, and supporting letters from lab and
university scientists are an excellent way to show such relevance. Direct collaboration between small
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businesses and national labs and wmsities is strongly encouraged. For referral to lab and university
scientists in your area of interest contact: Helmut Marsisiegmut.marsiske @science.doe.gdYOE also
expects all applicants to adess commercialization opportunities for their product or service in adjacent
markets such as medicine, homeland security, the environment and industry.

Grant applications are sought in the following subtopics:

a. Special Purpose Integrated Circuits for Betors at High Energy Colliders
Particle physics detectors make heavy use of application specific integrated circuits (ASICs), which are
designed by engineers at national laboratories and universities and fabricated through commercial
foundries. ASICs musteet special requirements that typically preclude the use of commercidheff
shelf components, such as high total dose (hundreds of Mrad) radiation tolerance. We are interested in IF
blocks and design methodologies that are compatible with radiatiodress and other special
requirements (see subtopic e). Functionalities needed includevioltage highspeed I/O, digital signal
processors, data compression, error correction, design for test circuits, etc. Circuits using 130nm and 65n
CMOS nodes are ofterest for HELHC upgradesRadiationhard versions of existing commercial ICs are
also of interest (see subtopic d). L@est prototyping and ways to reduce mask costs are also of interest.

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

b. Special Purpose Integrated Circuits for Large Cryogenic Detectors
For large cryogenic detectors such as DUNE it will be desirable to place electronics within the cryogenic
volume. This wilmake access impossible throughout the useful lifetime of the detector of about 20 years.
While the analog electronics benefit from a fundamental reduction in intrinsic noise due to the low
temperature, CMOS digital logic may have a shortened lifetimetahet electron effects that arise due
to the increased carrier velocities. Manufacturers typically characterize the operation of their parts only to
-40C. It is therefore unlikely that effie-shelf parts will be used at liquid argon or liquid xenon
temperatures due to the lifetime uncertainty even if they are found to work. Instead there is a strong
interest in developing ASICs in commercial processes. Complex digital functions will require digital logic
synthesis. Digital libraries must therefore be derized and possibly modified for cryogenic operation
(see also subtopic e€). Development and testing digital library timing files famgtron integrated circuit
processes at temperatures well bele®OO0C is of interest. Design and characterizatiodigital library
parts in a 65nm CMOS process for long lifetime at temperatures well b&RAC are of interest.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

c. Custom Real TimMassively Parallel Trigger Processors for Detectors at High Energy Colliders
Many nextgeneration scientific experiments will be characterized by huge quantities of data, taken at high
rates, from which scientists will have to unravel the underlying @aygrocesses. In most cases, large
backgrounds will overwhelm the physics signal of interest. Since the quantity of data that can be stored fo
later analysis is limited, redéime event selection is imperative to retain interesting events while rejectin
background signals.

For example, the silicebased tracking trigger system for the high luminosity LHC will have to process in
real time about 100 Tbhps data with few mieseconds processing latency, to analyze billions of proton
proton collisions evar second. This requires extremely high bandwidth data communication as well as
massive pattern recognition power. Current technology cannot be scaled in a simple manner to
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accommodate trigger demands at higghminosity LHC. Significant improvements or lteaoughs will be
needed. Proposals are sought for new technology to significantly improve real time high speed low latenc
data communication, as well as state of the art fast pattern recognition capability. Examples include (but
are not limited to) boardr module designs with multi Tbps interface capability, PCB design technologies
that are compatible with nexggeneration 100G fulinesh backplane or beyond, technology to integrate
modern FPGAs directly with custom ASIC chips dedicated for fast pattemgnigon, and stacked content
addressable memory based pattern recognition associative memory using advanced 3D IC technology.

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

. Radiation-Hard HighBandwidth Data Transmission for Detectors at High Energy Colliders

Detector data volumes at the HIHC will be nearly 100 times more than today. Single subdetectors will
have to transmit 10s to 100s of Th/s. While commercial off thef stagh transmission solutions will

deliver the needed performance in the near future, these products cannot be usedLii@lfor two main
reasons: they will not function in a high radiation environment, and they are in general too massive to be
placed inge detectors, where added mass degrades the measurements being made. Two main industrial
developments are therefore of interest: very low mass, high bandwidth electrical cables, and radiation
hard optical transceivers. Frespace/Visible Light Communicati (VLC) is also of interest.

Electrical cables may be twisted pair, twinax, etc., with as low as possible mass (and therefore small size)
while compatible with multGbps per lane transmission over distances up to 10m. Cable fabrication using
aluminum, opper clad aluminum, or nemetallic conductors (such as CNT thread), is of interest. Many
dielectrics are not radiation hard, so fabrication with rstandard dielectrics is important.

Optical transceivers up to 100 Gbps will be needed. Many off thié sblemercial products meet or

exceed the required bandwidth, but contain circuits that fail when exposed to ionizing radiation doses of
hundreds of Mrad. Radiation hardened versions of commercial transceivers (or equivalent) are therefore
of interest, whee radiation hardness is achieved without adding mass or increasing size, for example by
design changes to the integrated circuits used.

VLC systems should have bandwidth in excess of 1Gbps, produced from radétipecommercially
available componerstand with high reliability and low cost.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

. Digital Processing IP Cores for Detectors in Extreme Environments

With increasing lumiosity, rates, and segmentation, future detectors will require more and more real
time processing to efficiently aggregate data, extract information, reductymaat and transmit data
performed at an early stage of the signal processing chain. Part dligital processing nowadays

performed in FPGAased discrete electronics and external processors will be required to be performed in
the front-end readout sections, embedded in SystemrChip (SoC) Application Specific Integrated Circuits
(ASICs) with rabst high speed transceiver linkslEP detectors are generally operated in extreme
environments in the presence of high radiation in the hundreds of Mrad or extreme temperatures down to
80K. Efficient Digital Signal Process{bgP) programmable core imptentations in suitable technologies,
the required control blocks and high speed transmission links, capable to reliably operate in such
environments are required in the form of IPs readily available for the scientific community.
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Questiong; Contact:Hemut Marsiske helmut.marsiske@science.doe.gov

High Density Chip Interconnect Technology

The demands on silicon particle tracking detectors in terms of pixel size, mass budget, data rate, and fron
endprocessing are increasing. Grant applications are sought for the development of new technologies for
reducing cost while increasing the density of interconnection of pixelated sensors to readout electronics b
enhancing or replacing solder burlpased techologies. Development of casffective technologies to
connect arrays of thinned integrated circuits (< 50 microns, with areas of ~2x2 cm”2) tehigfivity

silicon sensors with interconnect pitch of 50 microns or less are of interest. Technologssught that

can minimize dead regions at device edges and/or enable wafemfer interconnection, by utilizing 3D
integration with throughsilicon vias or other methods.

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

. Radiation Hard CMOS Sensors for Detectors at High Energy Colliders

Silicon detectors for high energy physics are currently based on hybrid technology, with separately
fabricated diode strip or pixel sensors a@MOS readout chips. As larger area detectors are required for
tracking and also for new applications such as high granularity calorimetry, lower manufacturing cost is
needed. Monolithic Active Pixel Sensors (MAPS) in CMOS technology have the potelotiatfust, of

order $0.1M or less per square meter of instrumented area. For use in high energy physics, detectors mu
withstand both ionizing and displacement damage radiation, and they must have fast signal collection anc
fast readout. Radiation tolera in the range 10 to 1000 Mrad and 1E14 to 2E16 neutron equivalent
fluence is of interest. Charge collection time of 20ns or less is of interest. Fabrication of CMOS sensors ofr
high resistivity silicon wafers is of interest to meet these goals. MAP S=devith fast readout (frame rate

2F wmall 2NJ KAIKSNI F2NJ nodm> 200dzLJ yOe FNIYSaos |
wafers in a CMOS line are of interest. Reticle stitching technology may allow fabrication of large format
sensors withdw cost.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

. LargeArea SilicorBased Sensors for Precise Tracking and Calorimetry

Next generation collider experiments will requiieely segmented silicecbased tracking and calorimetry
detectors which may cover hundreds of square meters. These are typically based onsealehigh

resistivity silicon diode arrays with 1800 micron thick fully depleted active regions. Arraysdzhon

tiled CMOS sensors with thin active regions are also candidates. Grant applications are sought for the
development of silicon diodbased sensors utilizing lower cost per unit area fabrication technologies.
These may include sensors basedonlaygé ( 2 NJ 6 S@2y R0 ¢ FSNJ RAIF YSGSNE
stitching technologies. Desired properties include high yield for wafer scale sensors, radiation hardness,
thinning to the hundred microievel with backside ohmic contacts, ten mict@velresolution capability

for tracking detectors, and low cost in large volumes. New devices with special implants for achieving gair
within the sensor are of interest. In particular, methods to improve the production yield and fill area of
large-area LowGan-Avalanche Detectors (LGADSs) are of interest.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

109


mailto:helmut.marsiske@science.doe.gov
mailto:helmut.marsiske@science.doe.gov
mailto:helmut.marsiske@science.doe.gov
mailto:helmut.marsiske@science.doe.gov

Technology for PosProcessing of Junctions for CMOS and CCD Sensors

Monolithic Complementary Metal Oxide Semiconductor (CMOS) Sensors have the potential to provide
reduced noise, improved radiation hardness, and reduced cost compared to hybrid sensors for elementar
particle physics detectors. Several foundries provide CMOS temjyntilat is compatible with sensor
integration. A similar situation exists for Cha@eupled Devices (CCDs), which are used in astrophysics
and direct dark matter detection. The optimum sensors are fully depleted high resistivity devices, which
requirea backside junction. Many applications also demand a very thin entrance window junction. The
foundry processes, however, do not provide double sided processing. Adding the junction after the CMOS
processing has been completed is problematic, becausedimpérature necessary to activate the dopant
would damage the CMOS or CCD structure on the front side. Proposals are sought for novel, robust, cos
effective process technologies to enable backside junction activation at temperatures below 400 C, and
that are compatible with postoundry substrates and both CCD and CMOS sensors. MBE and laser annea|
technologies are specifically excluded from this call.

Questions; Contact:Helmut Marsiskehelmut.marsske @science.doe.gov

Direct Wafer Bonding Techniques to Build Up Very Thick Sensors

Proposals are sought for technologies to increase the active mass of semicondaséal dark matter
detectors. Current devices are based on silicon or germanium wafdérsither charge coupled devices,
CMOS imagers, or transition edge sensing elements. Direct wafer bonding technologies have the potentie
to increase detector mass by attaching additional layers of active material and build up ~5mm thick
sensors. This cadibe done as a direct-Si bonding operation, or could use an oxide bonding with a
patterned array of pores to allow the charges through while reducing charge cloud dispersion for finely
segmented detectors. Proposed work may include bonding of existiogrsstructures to additional layers
of high resistivity material to demonstrate yield and charge transfer efficiency; it could utilize existing
structures (e.g., pad or strip silicon detectors) to demonstrate successful bonding, top metal application,
and operation.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

Radiation Hard, Low Mass IC Power and High Voltage Delivery Circuits for Detectors at High Energy
Colliders

Futurecollider experiments will require high efficiency, low mass, power converters that are radiation
hard, have low radiated noise, and can operate in a magnetic fiédaiel circuits or systems are sought

that utilize high frequency DDC converters, GaNamsistors, compact coil designs, serial powering
schemes or other low loss power transmission designs that can deliver significant power to modern ICs
that operate at approximately one volt supply levels. Conversion ratios of 4 or higher are neededrin orde
to sufficiently reduce the mass of power delivery wiring are needadaddition, static on/off switching of

low current, high voltage (1KV) is of interest.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

Frequency Multiplexed DAQ Systems Motivated by Cosmic Microwave Background Detectors
Future CMB experiments will have large focal plane arrays with ~500k superconducting detector element:
for optical, neaslR, millimeter ananicrowave astronomical surveys.
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Grant applications are sought for the development of data acquisition systems for these arrays and for
detectors needing similar systems. Areas of development includenwse cryogenic amplifiers (HEMT,
SQUID, Paramet etc.), higkhdensity cryogenic interconnects, hifffequency superconducting flex
circuits, and specialized electronics for processing large numbers of frequency domain multiplexed RF
signals.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

m. Ultra-low Noise DAQ Systems Motivated by Rare Event Detectors
New Direct Detection Dark Matter detectors and Coherent Neutrino Scattering detectors must reach eV
level sensitivity for recognergy detection. Detector candidates such as skipper CCDs can achieve <0.1
electrons of noise and detect nuclear and electron recoils of few eV. Large DAQ systems will be needed
with the requirement of adding negligible noise to the detector system.nithmber of channels needed
could reach 20,000 in the next 10 years. The data volumes can be as large as 10 GB/s.

Grant applications are sought to develop utcav noise detector and DAQ electronics. The detector
electronics may additional requirements $uas radiepurity and the ability to work at cryogenic
temperatures and in vacuum. The DAQ must maintain the ddinanoise in an integrated system, with
potential noise sources from AC lines and vacuum and cryogenic systems connected to the detector.

Questions¢ Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

n. Electronic Tools for Picosecond (ps) Timing
High precision timing measurements in next generation detectors will require the gavelat of circuitry
to measure time to 1 ps or better, to digitize waveforms at above 10Gs/s. In addition, a method to
distribute a stable reference clock with jitter of 5 ps of less and precise frequency stabilization is needed.
Such a clock system needsdistribute the clock to multiple detector components distributed by distances
of order ten to twenty meters. Custom radiatidrard ASIC devices will eventually be needed for many
such high precision uses, but neadiation hard demonstration systems mé&j ps or sufps sensitivity
and stability are of immediate interest.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

0. Other
In addition to the specific subtopics listed abovse Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

References:
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4. 13th Pisa Meeting on Advanced Detectors, 2015, La Biodola, Isola d'Elba, Italy.
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28.HIGH ENERGY PHYSIETECTORSBID INSTRUMENTATION

Maximum Phase | Award Amou®150000 Maximum Phase Il Award Amount: $20,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

High Energy Physics experiments reg@pecialized detectors for particle and radiation detection. High

priority future experiments in the DOE Office of High Energy Physics portfolio need advances that can benefi
from small business contributions. These experiments include those plann#tefeligh Luminosity (HL)

upgrade of the Large Hadron Collider (LHCyss&®:.cern.ch or potential future High Energy Colliders,

neutrino experiments including those sited deep underground (&yw.dunescience.ong next generation

direct searches for dark matter, and astrophysical surveys to understand cosmic acceleration, including
cosmic microwave background experiments.

We seek small business industrial partners to advdheestate of the art and/or increase cost effectiveness of
detectors needed for the above experiments and for the wider HEP community. Specific technical areas are
given in the subtopics below. These are areas where experimental needs have been defirsbd@oomings

of existing technology identified. Improvements in the sensitivity, robustness, and cost effectiveness are
sought. R&D towards these ends will typically be in progress at DOE national laboratories andfan@€lE
universities. While the satopics offer initial guidance about specific detector areas, the scientists involved are
the best source of detailed information about requirements and relevance to the experimental programs
listed above. Applicants are therefore urged to make early adntgth lab and university scientists in order to
develop germane proposals. Clear and specific relevance to high energy physics programmatic needs is
required, and supporting letters from lab and university scientists are an excellent way to show such
relevance. Direct collaboration between small businesses and national labs and universities is strongly
encouraged. For referral to lab and university scientists in your area of interest contact: Helmut Marsiske,
helmut.marsiske@science.doe.gdYOE also expects all applicants to address commercialization
opportunities for their product or service in adjacent markets such as medicine, homeland security, the
environment and industry.

Grant applications arsought in the following subtopics:

a. Lower Cost, Higher Performance Visible/UV Photon Detection
Detectors for particle physics need to cover large areas with highly sensitive photodetectors. Experiments
require combinations of the following properties:
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d.

1 Large photosensitive area, compatible with cryogenic and/or high pressure operation, and built
with low-radioactivity materials for neutrino and dark matter detectors.

1 Fast response, radiation hardness, magnetic field compatibility, and high quanturareffidor
LHC and intensity frontier experiments

1 Low cost and high reliability

Technologies using modern manufacturing processes and low cost materials are of interest. These includ
use of semiconductebased avalanche photodiodes (APD) and Geiger mo@eaiRays, SiPM arrays, large
area microchannel platbased systems, new photocathode materials, and high volume manufacturing of
large-area, ultra clean, sealed vacuum assemblies.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

Ultra-Low Background Detectors and Materials

Experiments searching for extremely rare events such as nuclear recoils from WIMP dark matter particles
or neutrinoless double beta decays require that theéetgor elements and the surrounding support

materials exhibit extremely low levels of radioactivity. The presence of even trace amounts of radioactivity
in or near a detector induces unwanted effects. New instruments and techniques are needed and may
include: 1) Instruments to measure ulttaw-backgrounds of gamma, neutron and alpha patrticles; 2)
Improvements in the ability to measure and control radon or surface contamination; 3) Development of
ultra-radio-pure materials for use in detectors; and 4) Maacturing methods and characterization of
ultra-low- background materials.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

Picosecond (ps) Timing Particle Detectors

Charged paitle detector systems that would affordably cover large areas of tens of m”2 with time
resolutions in the range of tens of ps and fine segmentation at the cm tarsubevel have applications
for all three research frontiers. Areas of interest are develepts that would improve the particle rates

of up to MHz/cm”2, that would reduce cost via use of commercial batch production, that could provide
resolutions ranging down to 10 microns in space and/or 1 psec in time are of interest, and that would
successfly demonstrate sensor elements of order 50 cm”2 or larger with uniform performance.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

Advanced Composite Materials

The High Lumirsity LHC detectors will require ultimate performance detector mechanical support and
cooling, that holds detector elements with micron precision and stability, and yet adds as close to zero
mass as possible. Developments in this area could also be applioatther highpriority programs. Of
interest are: novel lowmass materials with high thermal conductivity and stiffness, very high thermal
conductivity (<4 Wm/K) radiation tolerant adhesives, low mass composite materials with good electrical
propertiesfor shielding or data transmission, radiation hard low loss dielectric materials, improvements to
manufacturing processes to take advantage of the new materials.

Questiong; Contact:Helmut Marsiskehelmut.marsiske @science.doe.gov
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e. Cryogenic Bolometer Array Technologies
Future Cosmic Microwave Background experiments will require arrays of order 500,000 bolometers.
Several fabrication processes are needed to enable such large scale detectors, alst ¢enagoplicable
to other experiments.

1 Subkelvin (1650mK base) cryogenic systems suited for operation of large arrays for
superconducting bolometers. New systems would have large operational cryogenic volumes,
cryogenfree operation, high cooling powevith multiple thermal intercepts, closedycle and
continuouscycle operations.

Mechanical systems and bearings for operation in vacuum at cryogenic temperature.

Wafer processing combining niobium metal and MEMS.

Anti-reflective coating technology thatllows conformal application with excellent uniformity.
Production of large area lenslet arrays for IR light, using hard materials, such as sapphire, alumina
and silicon (5mm size 3D features on wafer scale).

1 Fabrication of miniature, ultrdow loss, supeconducting capacitor and inductor arrays.

= =4 -4 -9

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

f. Scintillating Materials and Wavelength Shifters
High Energy Physics utilizes sciiitig materials for large calorimeters in colliding beam and intensity
frontier experiments as well as the active medium in some neutrino and dark matter
detectors. Development of radiatiofhard (tens of Mrad), fast (tens of nars@cond) scintillators and
wavelength shifting materials is of particular interest to the colliding beam community. Development of
fast (tens of nanesecond), wavelengtmatched shifting materials is of interest for liquid argon and liquid
xenon detectors for neutrinos and dark ntet. Brighter, faster, radiatiofnard crystals with high density
are of interest for intensity frontier experiments as well as colliding beam experiments.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

g. Integral Field Spectrographs for Sky Surveys
The HEP community has identified integral field spectroscopy as an area that could dramatically leverage
investments in current and future sky surveys for the study of Dark Energyt &alications are sought
for the development of instrumentation that would increase the number of spectroscopic channels or the
light collection efficiency for future instruments. Examples include, but are not limited to, noveHibali
positioning sykems, spectrographs, optical filters and sensors.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

h. Technology for Large Cryogenic Detectors
Liquid noble gas detectors are in umed under development for dark matter and neutrino experiments
and in the latter case on a very large scads large as 10 kton modules of liquid argon for the DUNE
experiment. These large scale cryogenic detectors require significant technologicateslvan

Electrical feedthroughs through cryostat walls are needed for low voltage power, high speed (~1Gb/s)
signals, monitoring and control signals, and High Voltage (~500kV) DC bias. A typical case might require
1000 total wires penetrating the cryostat Wawith HV connections having each a dedicated feedthrough.
These penetrations need to be arefficient, minimize cold leaks, and control contamination.
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Feedthroughs are generally warm (i.e., the interior cable enters the cryostat in the gas rathdigthdn
phase) but in some instances cold feedthroughs (i.e., entry directly into the liquid) are required.

Purification materials and filtration systems for efficient operation of high purity rkilliton cryogenic
noble liquid systems are needed.

Questons¢ Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

i. Ultra-Low Mass, HigiRate Charged Particle Tracking
Some high intensity experiments searching for very rare phenomena, such as ndessmmherent
muorntto-electron conversion and muon decays to e=@r to e gamma, require precision charged
particle tracking at low momenta in the 2@00 MeV/c range. Momentum resolutions of 0.1% are
required in order to mitigate steeply falling phgs backgrounds, necessitating utoav mass designs.
Improvements in sensitivity beyond currently planned experiments require the development of
technologies capable of achieving the necessary resolutions while operating in vacuum and handling
average rges of order 10 kHz/cm”2 with peak rates approaching 1 Mhz/cm”2. The envisioned tracking
systems are modestly sized, providing coverage over areas of order 10 m"2.

Questions; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

. Additive Manufacturing
Detectors for particle physics are often characterized by large areas or large volumes, need exquisite
performance and need to be composed of materials that have to withstand harsh conditiongssuttre
cold, high pressure or higtadiation environments. Additive manufacturing holds the promise to fabricate
sensors and detectors that meet the stringent requirements of particle physics experiments in a cost
effective and tailored manner. Proposale sought in this area that address the specific needs of the
experiments.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov

k. Other
In addition to the specific subtopics listalove, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questiong; Contact:Helmut Marsiskehelmut.marsiske@science.doe.gov
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http://www.amazon.com/Semiconductor-Detector-Systems-Science-Technology/dp/0198527845/ref=sr_1_1?ie=UTF8&qid=1412782151&sr=8-1&keywords=9780198527848
http://www.amazon.com/Semiconductor-Detector-Systems-Science-Technology/dp/0198527845/ref=sr_1_1?ie=UTF8&qid=1412782151&sr=8-1&keywords=9780198527848
http://www.amazon.com/Semiconductor-Detector-Systems-Science-Technology/dp/0198527845/ref=sr_1_1?ie=UTF8&qid=1412782151&sr=8-1&keywords=9780198527848
http://www-x.phys.se.tmu.ac.jp/ltd17/wp/
http://link.springer.com/book/10.1007%2F978-0-387-92904-0
http://link.springer.com/book/10.1007%2F978-0-387-92904-0
http://www.pi.infn.it/pm/2015/
http://tipp2017.ihep.ac.cn/
http://sormawest.org/

17.14th Vienna Conference on Instrumentation (IAEA), 2016, Vienna, Austria.

http://vci2016.hephy.at/de/home/

29. QUANTUM INFORMATI@CIENCE (QIS) SUPPOR TECHNOGIES

Maximum Phase | Award Amou150000

Maximum Phase Il Award Amount: §20,000

Accepting SBIR Phase | Applications: YES

Accepting STTR Phase | Applications: YES

Quantum science and instrumentation for negeéneration computing, information,ra other fields the core

of "quantum information science" (QiSare developing rapidly and present numerous opportunities for
impacts in high energy physics. Quantum sensors and controls, analog simulation, and qubit systems that
specifically rely on orloit superposition, entanglement, and squeezing of physical states are of particular
interest. This topic focuses on key technologies to support quantum information systems that build on
experience in high energy physics experimental systems, and thefutevelopment of quantum information
systems for application in precision measurement, simulation, and computation that advances high energy

physics research.

Grant applications are sought in the following subtopics:

a. Development of Optimal SRF CaviBeometries for Quantum Information Systems

One promising architecture for quantum computing involves superconducting Josephstion-based

gubits enclosed by superconducting 3D microwave resonators, currently providing the longest coherence
times amongall superconducting qubits. Achieving the highest possible quality factor Q of the host
resonators is one of the identified high impact directions for improving the coherence time of the-cavity
jdzoAG &aedadsSyas |a GKS & dzLIKNGX yRREAzAIRA yAT 2NB &125y FIiK25N
environmental decoherence. Furthermore, high O GAGASa KIF @S 6SSy LINELIR 3
YSY2NRSaE G6KSNB AYyF2NXYIGAZ2Y | 62dzi GKS |jdzZ yidzy 3
frequency range for supercondting qubit operation is 6 GHz to 15 GHz. 3D niobium SRF cavities, similar
to those used in particle accelerators, should be able to provide high quality factors in this frequency
range. However, existing cavity geometries are optimized for particleexetiein rather than hosting

qubits. Grant proposals are sought for development of 3D SRF cavity geometries in the frequency range
6 GHz to 15 GHz for hosting superconducting Josepjusmtion-based qubits. The geometries should be
suitable for scalality from a single SRF cavijubit unit to multiqubit systems.

Questiong; Contact:Altaf Carimaltaf.carim@science.doe.gov

. Optimization of Fabrication Techniques for Scalable 3D SRF Structures fmtQ@u Information Systems
Traditionally, 3D niobium SRF cavities for particle accelerators are fabricated using electron beam welding
of stamped/hydreformed parts. This approach works well at frequencies below 3.9 GHz. However, future
guantum informationscience (QIS) systems will likely operate in the frequency range of 6 GHz to 15 GHz
and will consist of many individual caviubit units coupled together. It is very important to-assess the
cavity fabrication and develop new techniques suitable fghfirequency, scalable SRF structures for QIS.
An example of such technique could be precise machining ofcgiiiike structures. Grant proposals are
sought to develop cavity fabrication techniques optimized for scalable 3D SRF structures for QIS.

Questionsg Contact:Altaf Carimaltaf.carim@science.doe.gov
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c. Development of LowTemperature Technologies for QIS Systems
QIS systems operating below one Kelvin (1 K) are growing in scope and coldndgexeatially include
next generation cosmic microwave background (CMB) detectors, dark matter search detectors, some quk
systems for quantum computing, and other quantum sensor technologies operating in th&gehiiln (mK)
range. Grant proposals aseught for the development of: (1) 4He/3He hybrid refrigeration systems that
can efficiently sink power at both 1 K and mK temperatures, likely requiring separating the dilution
refrigerator circuit from a separate 1 K cryogenic system; (2) High Demsitgdnnect (HDI) cables for
microwave and RF readouts (frequencies-D GHz) operating with high bandwidth and low thermal loss
at mK temperatures that transition to 1 K temperatures; (3)-@ower mechanical actuators that can
operate at mK temperatus with low thermal loss; (4) lowoise electrical circuit switches operating at mK
temperatures with injected noise at the feguanta noise level.

Questiong; Contact:Altaf Carimaltaf.carim@science.dogov

d. Photodetectors for Optical to Microwave Transduction of Quantum Information
Improvements in microwave detection can be applied to cosmic microwave background and axion
detection, and may be enabled by Qi&sed approachesWhile substantial quantursqueezing can be
produced optically, the ability to write that information onto microwave photons in a cavity would
enhance the readout of microwave detectord/ith improvements in transduction of quantum
information, entanglement could also be distrilegt among many distant microwave resonators to create
a very large sensor network (using entangled photo@&ant proposals are thus sought for production,
testing, and/or validation of photodetector systems with high speed (>5GHz) and quantum efficiency
(>95%) for the purposes of detecting continuous variable quantum information and writing it onto
microwave photocurrents that are compatible with microwave cavities.

Questiong; Contact:Altaf Carimaltaf.carim@science.doe.gov

e. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questiong; Contact:Altaf Carimaltaf.carim@science.doe.gov

References:

1. National Science and Technology Council (NSTC) report, 2016, Advancing Quantum Information
Science: National Challenges and Opportunities.
https://www.whitehouse.gov/sites/whitehouse.gov/files/images/Quantum_Info_Sci_Report 2016 07

22%20final.pdf

2. DOE HERSCR QIS roundtable Report, 2016, Quantum Sensors atergetitions of Fundamental
Science, QIS and Computing, U. S. Department of Energy, Office of Science.
http://science.energy.gov/~/media/hep/pdf/Reports/DOE_Quam_Sensors_Report.pdf

3. HEPASCR Study Group Report, 2015, Grand Challenges at the Interface of Quantum Information
Science, Particle Physics, and Computing, U. S. Department of Energy, Office of Science.
https://science.energy.gov/~/media/hep/pdif/files/Banner PDFs/QIS_Study Group_ Report.pdf
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PROGRAMREAOVERVIEWOFFICDFNUCLEABNERGY

The primary mission of the Office of Nuclear Energy (NB)advwance nuclear power as a resource capable of
meeting the Nation's energy, environmental, and national security needs by resolving technical, cost, safety,
proliferation resistance, and security barriers through research, development, and demonstation
appropriate.

b9 Qa LInikglitdd bithree priority focus areas:
(1) Maintaining the current nuclear reactor fleet;
(2) Encouraging growth for a new advanced reactor pipeline (both aearlongefterm), including
through the employment of kegrivate-public partnerships; and,
(3) Redeveloping America's nuclear fuel cycle, infrastructure, and supply chain.

Nuclear energy is a key element of United States (U.S.) energy independence, energy dominance, electricity
grid resiliency, national seaty, and clean baseload power. America's nuclear energy sector provides over 60

percent of the nation's annual clean electricity production, generates nearly 20 percent of U.S. electricity from
a fleet of 99 operating units in 30 states, supports 500,@08,jand contributes $60 billion per year to our

Gross Domestic Product (GDP). America's nuclear energy sector also plays key national security and global

strategic roles for the U.S., including nuclear nonproliferation.

¢tKS hFTFFAOS 2 ¥TBIR/SIOR EokkdtdpOsyalSosHppaft the HOE Gateway for Accelerated
Innovation in Nuclear (GAIN) initiatiygeehttps://gain.inl.goy), which provides the nuclear energy community
with access to the technical, regulatognd financial support necessary to move new or advanced nuclear
reactor designs toward commercialization while ensuring the continued safe, reliable, and economic operatio
of the existing nuclear fleet.

30. ADVANCED TECHNOLGHDBR NUCLEAR ENERGY

Maximum ase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

New methods and technologies are needed to address key challenges affecting the future deployment
nuclear energy and to preserve U.S. leadership in nuclear science and engineering, while reducing the risk o
nuclear proliferation. This topic addresses several key areas that support the development of crosscutting an
specific reactor and fuel cyclechnologies.

Grant applications are sought in the following subtopics:

a. Advanced Sensors and Instrumentation (Crosscutting Research)
Improvements and advances are needed in the technical area of Advanced Sensors and Instrumentation
for crosscutting techologies for innovative sensors and measurement technologies to characterize
parameters that directly support existing power reactors, materials test reactors, and transient test
reactors; innovative digital technology for use in improving monitoring amdrol of nuclear energy
systems; enable the development of advanced power reactor designs; and facilitate development and
implementation of advanced fuel cycle technologies.
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b.

Technology should demonstrate greater accuracy, reliability, resilience, higgaution, and ease of
replacement/upgrade capability for applications in the nuclear environment and also reduce operations
and maintenance costs and address regulatory concerns.

The selected technology should support the Gateway for Accelerateddtina in Nuclear (GAIN)
Initiative and be applicable to multiple reactors or fuel cycle applications, i.e. crosscutting.

Applications are sought in the following areas:

1 Sensors using advanced manufacturing techniques that can be qualified and apgreddss
measurements needed for nuclear energy systems and their anticipated service environments. Of
high interest are multimodal sensors/sensor networks capable of simultaneous measuring more
than one parameter and sensors/sensor networks incorporatihgient common cause failure
resistance by measuring parameters via more than one physical signal. Sensors and
instrumentation to generate data needed to support improved plant control and data analytics
applications for improved plant operations.

1 Digitalmonitoring and control systems that increase nuclear plant system reliability, availability,
and resilience including the ability to detect and manage faults in I&C systems and plant
components; state of the art control rooms, control systems, and plantrobtechnologies,
including automated work management systems; and big data analytics and applications to
improve plant operation and control.

1 Nuclear Plant Communication technologies that securely and reliably support greater data
generation and transmssion demands expected to accompany advancements in digital sensor,
measurement, and control technologies. This may include power harvesting, energy storage, data
transmission techniques, and related methods to reduce both power cabling and communication
cabling needed for sensors and communications in I&C systems.

1 Development of technologies to enable use of advanced instrumentation for severe environments
(including the high temperature, high pressure, high radiation environment expected for transient
testing). This could include technologies for compact form factor;tigak fiber optic pressure
vessel feegdhrough systems for multiple fiber sealing and/or development of small form factor,
wide field-of-view, high framerate, highresolution, infraredoptical boroscope or other video
probe technologies.

Grant applications that address the following areas are NOT of interest for this subtopic and will be
declined: nuclear power plant security, homeland defense or security, or reactor building/coetatinm
enhancements; radiation health physics dosimeters (e.g., neutron or gamma detectors), and
radiation/contamination monitoring devices; U. S. Nuclear Regulatory Commission probabilistic risk
assessments or reactor safety experiments, testing, licenamdysite permit issues.

Questions; Contact:Suibel Schuppneguibel.Schuppner@nuclear.energy.gov

Advanced Technologies for the Fabrication, Characterization of Nuclear Reactor Fuel
Improvaments and advances are needed for the fabrication, characterization, and examination of nuclear
reactor fuel. Advanced technologies are desired for light water reactor fuels and materials, with current
emphasis on Accident Tolerant Fuel program needs fanddvanced reactor fuels including particulate
based TRISO fuels for Advanced-Gasled Reactors/NGNP applications [2, 3, 5, 6] and fuels for sodium
and lead fast reactors. Specific technologies that improve the safety, reliability, and performance in
normal operation as well as in accident conditions are desired.
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1 Provide new innovative LWR fuel concepts, to include fuel and/cladding, with a focus on improved
performance (especially under accident scenarios), and with a priority on ceramic cladding an
novel pellets. Improvements to LWR fuel and cladding may include but not be limited to fabrication
techniques or characterization techniques to improve the overall performance or understanding of
performance of the nuclear fuel system.

1 Develop advanceduiomated, accurate, continuous vs. batch mode process techniques to improve
TRISO particle fuelgoebble manufacturing to include: (a) improved fabrication methods for
isostatic pressing of pebbles for TRISO pebblefbelkd reactors using advanced autored
fabrication to replace manual manufacturing techniques, and (b) advanced methods for non
destructive evaluation testing of TRIK@led pebbles.

91 Develop improved fabrication methods for sodium fast reactor fuels and cladding materials,
especially dr uranium based metallic fuel.

Grant applications may use ndueled surrogate materials to simulate uranium, plutonium, and minor
actinide bearing fuel pellets or TRISO particles for demonstration. Actual nuclear fuel fabrication and
handling applicatins which require use of the Nuclear Science User Facilities [4], and its hot cells and fuel
fabrication laboratories, or the Oak Ridge National Laboratory Advanced Gas Reactor TRISO fuels
laboratory facilities [5, 6] to demonstrate the techniques and equept developed may be proposed.

Actual nuclear fuel specimens may be considered for ATR or ORNL High Flux Isotope Reactor (HFIR) bu
need to prove technical feasibility prior to their insertion into the ATR or HFIR for irradiation testing.
Access tdhe aforementioned facilities is not guaranteed as part of this solicitation and must be obtained
independent of an SBIR/STTR award.

Grant applications that address the following areas are NOT of interest and will be declined: thorium
based fuels, spd fuel separations technologies used in the Fuel Cycle Research and Development

Program [3] and applications that seek to develop new glove boxes or sealed enclosure designs.

Questiong; Contact:Frank Goldner-rank.Goldner@nuclear.energy.gov

EnergyAdvanced Modeling & Simulation for Nuclear Energymovation Hub for Modeling and

Simulation

Hightfidelity computational simulations using Virtual Environment for Reactor Analysis (VERA) provide
predictive capabilities for the design and performance assessment of light water reactor core and fuel
assembly designs. Predictive simulations are computationally intensive, requiring high performance
computing resources for time dependent analysis. In ordantaike the insights that may be gained from
these simulation capabilities more accessible to vendors and operators, we are seeking grant applications
for development of a reducedrder, physicsased, reatime simulator built on a foundation of the VERA

CS analysis capability. Desired software development includes but is not limited to:

1 Development of a fastunning desktopscale reactor core simulator environment that can provide
reaktime simulations of desired conditions and time sequences. This pHyssed simulator needs
to be able to be calibrated or calibrate itself to tirdependent VERA simulation data for the
specific nuclear plant technology for which the simulator is created.

1 Development of a regime controlroom environment simulator usindERA as the underlying
physics driver.
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Questionsg; Contact:Tansel Seleklefansel.Selekler@nuclear.energy.gov

. Modeling and Simulation (NEAMS)

Computational modeling of nuclear reactors isicat for their design and operatioNuclear engineering
simulations are increasingly predictive and able to leveragepégformance computing architectures,

but these advanced tools often require large computational resources, can be difficult tt),inath

require expert knowledge to operate. It is desirable to enhance the NEAMS Workbench (see B. T. Rearde
Si It aLYGUNRRdAzOOAZ2Y G2 (GKS bdzOf SIFNJ 9y SNH&c ! ROI
International Conference on Mathematics & Camgtional Methods Applied to Nuclear Science and
Engineering, Jeju, Korea, Aprikk26, 2017), in order to integrate robust mufihysics capabilities and

current production tools for easef-use and deployment to end users, and for enabling the use of hig
fidelity simulations to inform loweorder models for the design, analysis, and licensing of advanced
nuclear systems and experiments.

Grant applications are sought that:

1 Facilitate the incorporation of codes used, or likely to be used by the advaeaetbr industry (in
addition to NEAMS developed codes) into the NEAMS Workbench

1 Facilitate access to advanced modeling and simulation tools for inexperienced users, such as
automated generation of finite element meshes, especially hexahedra meshes, AbnoiC
combinatorial solid geometry models;

1 Facilitate workflow management between legacy physics software commonly used in nuclear
engineering practice and modern higdelity codes that are more predictive but incur a higher
computational cost. It is désble to integrate consistent workflows where a user can select
physics modules of differing fidelity and have a workflow manager transfer data from one tool to
the next, enabling a user to choose among multiple hagHow-fidelity tools for each type fo
physics in a multiphysics simulation.

1 Apply the results of highidelity simulations to inform the improved use of lowerder models for
improved use of fastunning design tools; and

91 Provide capabilities for automated verification of numerical solwiancluding mesh refinement
studies.

Questiong; Contact:Dan FunkDan.Funk@nuclear.energy.gov

. TECHNOLOGY TRANSFER OPPORTBMHKIformed Safety Margin Characterization (RISMC)

EMRALD Tool Commealization

Several U.S. National Laboratories and associated programs have successfully deployed tools developec

the Government by letting private companies manage the commercialization process (user interface,

maintenance, further development, traimg, software support, etc.). The commercialization of software is

desired to ensure that the technology is made available to the largest number of user to ensure leveragin

of the Government investment in the initial software development. Proposals targ¢tie steps needed

to bring probabilistic software applied by the Rlskormed Safety Margin Characterization (RISMC)

Pathway to commercial applicability are of interest. The response to this call should be the development

toward code commercializatiorof the software called the Eveilodeled Risk Assessment using Linked

Diagrams (EMRALD) which is part of the RISMC tool kit. EMRALD is a dynamic risk analysis tool based c

discrete event simulation, where the user can model complex systems in a pisbabianner based

upon a statediagram approach. The EMRALD software was originally developed fedepeadent risk

analysis, recently this tool has been leveraged to couple with 3D flooding simulations. Also, it has been
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successfully demonstrated taelable to couple seismic, flooding, and therrhgtraulics calculations into

an integrated analysis platform. Capabilities in enhancing the model development process via a graphical
interface, including browsebased technologies, are of interest. The poepl should also demonstrate

that the proposer has the necessary technical and business aspects to develop any proposed code
modification to EMRALD (e.g., improved graphical user interface) and to manage the code
commercialization process.

Licensing Infamation:

Idaho Nationalaboratory Information

Contact:Arthur L Baker,arthur.baker2@inl.goy 208526-1872
License typeNonexclusive

Software Copyright

Questiong; Contact:Alison HahpAlison.Hahn@nuclear.energy.gov

Component Development for Energy Conversion Systems to Support Nuclear Power Systems
Opportunity Description:

DOE is seeking proposals for collaborative small business partnerships fi@n@mpany or companies
to advance both the sCO2 and other types of Brayton power cycle systems and foster growth for U.S.
industry.

Potential areas of collaboration include but are not limited to:

High temperature Seals and Bearings

Ceramic based Beag/Seal technology

Advancement of Pressure Activated Leaf Seals (PALS)

Thermal management of SCO2 turbomachinery

Strengthened materials to prevent erosion in Turbomachinery
Turbomachinery development for 900C operation

Advanced cooling techniques fomidemperature sCO2 bearings and seals being implemented in
high temperature systems

Thermal tuning of sCO2 turbine inlet conditions

Advanced filtration in sCO2 with low pressure drop filters

Piping systems to accommodate 900C conditions

Waste heat recoverysing sCO2 Brayton cycles with diesel gen sets
Hermetically Sealed Torque Couplers

ElectreDynamic Magnetic Bearings

Additive Manufacturing of turbines and compressors

Fast response throttle, bypass, and stop valves

Ceramic PCHEs

Cast material heat exchgers

Fast Response Magnetic bearings

Dry heat rejection

Scalable sCO2 mass flow meters, state of health monitors, smart control systems with remote
monitoring for unattended operation

Technology to reduce overnight cost to less than $900/Jee
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Questionsg; Contact: Brian K. RobinsomBrian.Robinson@nuclear.energy.gov

. Advanced Methods for Manufacturing

A strong manufacturing base is essential to the success of the U.S. reactor designs currentlyngoimpeti
global markets. In addition, the success of the Small Modular Reactor (SMR) Initiative depends heavily or
GKS ToAfAGE 2F GKS ! o{ o (2 R&éEmpasliNtoangnufacki® thé¢maim Q &
a factory setting, dramatically reding the need for costly esite constructiong thereby enabling these
avylffSNI RSaadya (2 0S SO2y2YAOlIffe O2YLISGAGABSA
Gateway for Accelerated Innovation in Nuclear (GAIN) initiative which providesuttiear community

with access to the technical, regulatory, and financial support necessary to move new or advanced nuclez
reactor designs toward commercialization. The initiative also helps to ensure the continued safe, reliable,
and economic operationf the existing nuclear fleet.

Applications are sought in the following area:

Advanced fabrication and manufacturing methods will require advances in welding processes and
inspection methods that can maintain production speed and efficiency with the faatwring processes.
Component manufacturing technologies will be required that take full advantage of the fizywriditing
methods employed by additive manufacturing technologies. These manufacturing methods must be
capable of producing components or scimponents on a limited production basis and with nuclear

quality.

Grant applications are sought for:

1 methods to improve the process, speed, quality and cost of welding and the requipeddass
and post welding inspections

1 methods and processes talfricate components using advanced technologies like 3D printing
forms of additive manufacturing processes that can eventually produce nuclear quality
components.

1 expanded or improved nedestructive examination (NDE) methods for components produced
usingadditive manufacturing techniques

1 methods that can improve the manufacturing processes required for the development of pressure
vessels for a TREAT irradiation vehicle using Inéti8&through additive manufacturing process
that meets ASME requirementi$.required, heat treatment process specifications should be
developed and associated mechanical properties data produced to allow for production and use of
the component for applications meeting ASME pressure boundary requirements.

Questiong; Contact:Alison HahnAlison.Hahn@nuclear.energy.gov

. Nuclear Energy Cyber Security

Current operating nuclear power plants, research reactors, and fuel cycle facilities are designed and built
with purely analognstrumentation and control systems. Due to multiple technical, regulatory, and
operational requirements, many of these facilities are progressing towards the adoption of digital controls,
especially in balaneef-plant systems. In addition, next genexati nuclear power plants, including those
under construction or in early stages of design, include digital control systems to monitor plant conditions
and control plant functions. The benefits of digital control systems are accompanied by costs and risks
from potential cyber vulnerabilities. In recognition that there are unique technology challenges relevant to
NA&l YIyF3aSYSyid F2N ydzOf SI NJ SySNHeé adeéaidisSvyaz 5h9
development, demonstration, and deployment of tedtal products and solutions that enable nuclear
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facilities to implement digital technologies while cedtectively preventing, detecting, and mitigating
cyber threats to nuclear energy systems.

Grant Applications are sought in the following subtopics:

1 Insider Threat Cyber Risk Managemedévelopment of an innovative tool or methods that
designers or operators can utilize to detect, characterize, and/or prioritize engineering or
operational responses to an insider cyber threat.

1 Supply Chain Cyber Ridlanagement development of an innovative tool or methods to establish
I RSaAIYySNDRa 2N 2LISNF 62NRa O2yFARSYOS Ay | C

1 Secure Architectures development of cybemformed engineered components or systems that
are compatible withsecure digital control system architectures. Design features should optimize
the implementation of licensable, engineered barriers against cyber attack while maintaining a
LI FyidQa NBtAFOAfAGE YR 0240 STFSOUAQSySaao

1 Modeling & Simulation development of nedeling and simulation tools of cybehysical
phenomena for equipment or systems within a complex nuclear facility environment. The
capability should support development of cybdaformed designs through emulating a
O2YLRYSyliQa 2N i etactiafdviesponddd alsimolatet dybeevantz R

1 Othergin addition to the specific subtopics listed above, the Department invites grant applications
in other areas that fall within the scope of the topic descriptions above.

Questiong; Contact:Trevor CookTrevor.Cook@nuclear.energy.gov

i. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic descripti@bove.

Questiong; Contact:Won YoonWon.Yoon@nuclear.energy.gov

References:Subtopic ai:

1.

United States Department of Energy Office of Nuclear Energy, Homdgaméenergy.gov/ne/office-
nuclearenergy

United States Department of Energy Office of Nuclear Energy, 2010, Nuclear energy Research and
Development Roadmap, Report to Congress.
https://energy.gov/sites/prod/files/NuclearEnergy Roadmap Final.pdf

United States Department of Energy Office of Nuclear Energy, Fuel Cycle Research and Development
Programhttps://enerqgy.gov/ne/fuetcycletechnologies/fuelcycleresearchdevelopment

Idaho National Laboratory, 2010, Technical Program Plan for INL Advanced Reactor Technologies
Technical Development Office/Advanced Gasctor Fuel Development and Qualification Program,
Rev. 6, INL/MK20-20662.

https://art.inl.gov/trisofuels/Lists/References/Attachments/44/Pt36$36 rev_6.pdf

Petti, D., Bell, G., et al, 2005, The DOE Advanced Gas Reactor (AGR) Fuel Development and
Quialification Program, 2005 International Congress on Advances in Nuclear Power Plants, INEEL/CO
04-02416.https://inis.iaea.org/search/search.aspx?orig_g=RN:39005010
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1. ldaho National Laboratory, 2013, Overview of the U.S. DOE Accident Tolerant Fuel Development
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31. ADVANCED TECHNOLG@HDR NUCLEAR WASTE

Maximum Phase | Award Amount: $150,000

Maximum Phase Il Award Amount: $1,000,000

AcceptingSBIR Phase | Applications: YES

Accepting STTR Phase | Applications: YES

The US DOE Office of Nuclear Energy, Office of Spent Fuel and Waste Science and Technology is conductir
research in londerm storage, transportation, and eventual disposal ofrs#peuclear fuel (SNF). Storage of

SNF is occurring for longer periods than initially intended; therefore, it is desirable to assess technical
performance issues of the SNF storage systems and transportation systems after extended durations. In the
area d SNF disposal, research is directed toward generic repository disposal systems in argillite, salt, and

crystalline rock.

Grant applications are sought only in the following subtopics:

a. Repair and Mitigation of Cracks in Spent Nuclear Fuel Storage Casiste

HAMpPIEZ ¢CKS aAraairzy

The possibility of stress corrosion cracking (SCC) in welded stainless steel dry storage canisters (DSC) fo
spent nuclear fuel (SNF) has been identified as a potential safety concern. The canister fabrication weldin
procedure introduces high tensilesidual stress and microstructure sensitization in the redfédcted

zone (HAZ), which might drive the initiation of pitting and/or the transition to SCC growth when exposed
to an aggressive chemical environment. Analysis of samples sutépuesited on irservice DSCs at three
near-marine independent spent fuel storage installation (ISFSI) sites have demonstrated the presence of
chloriderich salts on the outer canister surfaces. As portions of the canister surfaces cool sufficiently, the
marine atmosphen salts might deliquesce and generate an aqueous brine layer on the surface of the
canisters at various locations. This aggressive environment could lead to pitting, SCC, and potentially a
through-wall failure in the weldments of the canisters.

To preventhe potential for a throughkwall crack, it is necessary to develop repair and mitigation
technologies for the identified pitting and cracks. The main incentive for development of repair technology
is to avoid the enormous cost of canister replacement, sigdificant safety related issues during the

126


http://www.osti.gov/scitech/servlets/purl/1130553
http://www.osti.gov/scitech/servlets/purl/1129113
http://www.osti.gov/scitech/servlets/purl/1120800
http://www.osti.gov/scitech/biblio/1169217
http://www.osti.gov/scitech/servlets/purl/1236849

replacement process. Caosffective repair technologies would promote the continuation of ldagnm

safety performance of DSCs at ISFSIs. Both the repair and mitigation techniques must be capable of in
servicerepair on loaded systems, which requires low heat input, no spark source, and acceptable external
forces to avoid significant reduction in mechanical strength, ignition of potential hydrogen gas inside the
canister, and deformation of the canister durifgetrepair process. Development of crack repair

techniques using novel welding repair technologies in combination with mitigation technologies to prevent
or minimize future pitting or SCC would be useful to maintain and/or restore the mechanical intdgrity o
the DSCs under extended service conditions.

Potential repair techniques include polymer cold welding, and additive friction stir welding (FSW)
technology. Such technologies could potentially introduce compressive residual stress to the surface of th
components or canisters, which might suppress the possibility of future crack initiation. The lower heat
input would also avoid or mitigate the microstructure sensitization, which would further suppress the
susceptibility to SCC and thus contribute to thedgterm safety performance of the canisters. Potential
mitigation techniques include peening or burnishing of the welds (the original fabrication welds, or the
subject repair welds, or both) to reduce tensile stress or coatings or inhibitors to minsorimesion are of
interest.

Questiong; Contact:John Orchard]John.Orchard@doe.gov

Understanding Engineered and Natural System Barriers for Repositories

Assessments of nuclear waste disposal options start th#ghdegradation of waste forms and consequent
mobilization of radionuclides, reactive transport through the near field environment (waste package and
engineered barriers), and transport into and through the geosphere. Science, engineering, and technolog
improvements may advance our understanding of generic deep geologic environments (e.g., argillite, salt
or crystalline rock geologic repository) and will facilitate the characterization of the engineered and natura
barriers and better enable analysis ofpected performance during the poestosure period. DOE is

required to provide reasonable assurance that the disposal system contains and isolates the waste for an
extended time period (i.e., engineered and natural systems work together to prevent ormalegtion of
waste components to the accessible environment).

DOE invites proposals involving novel materials, testing methods, and modeling concept and capability
enhancements that support the program efforts to design, develop, and characterize thertsyistems

and performance (i.e., to assess the safety of a nuclear waste repository). DOE will consider proposals
addressing applications of statd-the-art uncertainty quantification and sensitivity analysis approaches to
coupledprocess modeling angerformance assessment contributing to a better understanding of barrier
system performance and the optimization of repository performance.

Research proposals are sought to support the development of materials, modeling tools, and data relevar
to permanent disposal of spent nuclear fuel and hilgivel radioactive waste for a variety of generic mined
disposal concepts in argillite, salt, or crystalline rock. Key contributions may include one or more of the
following:

1 Improved understanding of the degradan processes for engineered barrier materials (i.e., waste
containers/packages, buffers, seals) under evolving repository thermal conditions and radionuclide
transport processes through these materials leading to and including the development of improved
models to represent these processes.
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1 Development of new techniques for-gitu field characterization of hydrologic, mechanical, and
chemical properties of host media and groundwater in an excavated tunnel.

1 Development of new and innovative concepts (iffedent geologic medig argillite, salt, or
crystalline rock) for sealing repository openings (e.g., shafts, tunnels, wells) to facilitate repository
closure and provide required lorigrm waste isolation and performance.

1 Identification and assessment nbvel buffer materials, statef-the-art tools and methods for
passive characterization and monitoring of engineered system component properties and failure
modes.

1 Other innovative or novel proposals with potential to advance understanding of materials or
systems, characterization, monitoring, and / or performance of engineered and natural system
barriers and their capability to isolate and contain waste may also be considered by the
department.

Questionsg; Contact:Mark TynanMark.Tynan@doe.gov

c. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scope of the topic description above.

Questiong; Contact:John Orchard]John.Orchard@doe.gov

32.NUCLEAR SCIENCE USERLITIES

Maximum Phase | Award Amount: $150,000 Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

The Nuclear Science User Facilities (NSUF) is one of a diverse number of U.S. Department of Energy (DOE)
facilities established to provide researchers with the most advanced tools of modern science. NSUF is the D
hTFFAOS 2F b dzONB firsan® oAl dp@Ehsofed user fdiligy, and is singularly focused on
advancing technologies supporting nuclear energy applications. The NSUF is fairly unique in that it is not
formed from a single setfontained facility but represents a consortium otifdaies distributed across the U.S.

at a number of institutions. The NSUF is centered at and managed from the Idaho National Laboratory (INL),
where it was originally founded. NSUF partner facilities include eight universities, plus the three Idaho
universities that are part of the Center for Advanced Energy Studies (CAES), four national laboratory facilities
and one industry facility. Inclusion of additional partner facilities as well as international affiliations is
anticipated in the future.

The NSUBoal is to produce the highest quality research results that will increase understanding of advanced
nuclear energy technologies important to DOE and support national priorities by adapting to the needs of
DOENE programs, industry, and new innovatiwmcepts. The core mission of the NSUF is to provide the
nuclear energy researchers with 100st access to its specialized and often unique R&D capabilities. Through
this process, the NSUF program fosters the development of novel ideas provided by ecoetnialtors
from universities, national laboratories, and industry while promoting collaborations between those
contributors and the expertise associated with the NSUF partner capabilities. These collaborations define the
cutting edge of nuclear technaly research in high temperature and radiation environments, contribute to
improved industry performance of current and future nuclear reactor systems, and stimulate cooperative
research between user groups conducting basic and applied research.
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Grant appications are sought in the following subtopics:

a. Development of Advanced Concepts for Remote Mechanical Testing of Highly Irradiated Materials
Grant applications are sought to adapt existing or develop novel mechanical testing capabilities for use in
high-radiation environment in a hot cell. The equipment would have to be able to withstand a high
radiation environment as well as be remotely operated in all stages of the test as well as system
installation, calibration, cleaning and repair.

Particularinterest is in the ability to test small sample sizes (sub ASTM EB8).

One potentialocation for this capability is the Hot Fuel Examination Facility (HFEF) at the Idaho National
Laboratory (INL). HFEF is one of the largest hot cells dedicated toctngomaterials research at INL. The
nation's lead laboratory for nuclear energy research and development utilizes HFEF capabilities for remot
handing of highly irradiated materials to support research and development of safer and more efficient
fuel desgns and to evaluate material performance after irradiation. HFEF has two large, highly shielded
hot cells with handling and loading facilities capable of receiving large shipping casks and fuel assemblies
up to 12 feet long. The main cell, which is stesslsteelined and gas tight, has 15 workstations, each with

a 4foot thick window of of#ffilled, ceriumstabilized glass and a pair of remote manipulators.

Questiong; Contact:Alison HahnAlison.Hahn@nuclear.energy.gov

b. Development of Resistance Welding Capability
Grant applications are sought to develop advanced joining capability in the area of resistance welding.
Resistance welding is a therradectric process in which heat is gented at the interface of the parts to
be joined by passing an electrical current through the parts for a precisely controlled time and under a
O2y iNRffSR LINBaadsaNBE ol faz2 OFffSR F2NOS0P ¢2 f S¢
welding system tdo { | CaQabilities.

l'a GKS yIFIGA2yQa € SIR ydzOf SFNJ SySNH& 102N G§2NE>
innovation in nuclear energy manufacturing (part of the GAIN initiatiGateway for Accelerating
InnovationinNut S N FyR 00 RSLI 28Ay3 GKS g2NI RQa& FANRI
companies, including NuScale, TerraPower, GE, Premier Technologies, and others) to achieve this
objective. INL is building capabilities for advanced joining technolog&stipport these corporate

partners who are investing in this area.

Questiong; Contact:Alison HahnAlison.Hahn@nuclear.energy.gov

c. Other
In addition to the specific subtopics listed above, the &&pent invites grant applications in other areas
that fall within the scope of the topic description above.

Questiong; Contact:Alison HahnAlison.Hahn@nuclear.energy.gov

References:
1. Nuclear Seince User Facilities, Home Palggeps://nsuf.inl.qov/
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