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INTRODUCTION TO D@RISTTR TOPICS

This SBIR/STTR topics document is issued in advance of theSFYOI EBIR/STTR Phase | Relkease
Funding Opportunity Announcement scheduled to be issueblavember 262018. The purpose of the

early release of the 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
programs are encourage attend upcoming topic and Funding Opportunity Announcement webinars.
Dates for these webinars are listed on our websitétps://science.energy.gov/shir/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.

Geneal introductory information about the DOE 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 peed quickly.

COMMERCIALIZATION
Federal 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 pragns require applicants to submit commercialization plans as part of their Phase | and Il
applications. DOE understands that commercialization plans will evolve, sometimes significantly, during the
course of the research and development, but investing timeommercialization planning demonstrates a
commitment to meeting objectives of the SBIR/STTR programs. During Phase | and Il awards, DOE provi
small businesses with commercialization assistance through afid@Ed contractor.

The responsibilityfor commercialization lies with the small busine®s 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 smalhlessiapplicants 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 application.

TECHNOLOGY TRANSBPERORTUNITIES
Selected topic and subtopics contained in this document are designatédcsology Transfer
Opportunities(TTOs) The questions and answers below will assist you in wstdading how TTO topics
and subtopics differ from our regular topics.

What is aTTC?

ATTGOis an opportunity to leverage technology that has been developed at a university or DOE National
Laboratory.Each TTO will be described in a particular subtopic and additional information may be obtained
by using the link in the subtopic to the univeysdr National Labratory Contractothat has developed the
technology. Typically the technology was developed with DOE funding of either basic or applied research
and is available for transfer to the private sectdie level of technology maturity wilaxy and applicants


https://science.energy.gov/sbir/funding-opportunities/
http://www.doesbirlearning.com/
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are encouraged to contact the appropriate university or Labora@owptractorprior to submitting an
application.

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

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

How do I draft a subaward?
The technology transfer office of the collaborating university or DOBratdyy will typically be able to
assist with asuitabletemplate.

Am| required to show | have a subaward with the university or National badtory Contractorthat
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 Nationabtatbry Contractowia a subaward may
help to accelerate the research or development effdri.those cases, the small business may wish to
negotiatea subawardvith the university or Naobnal Laloratory.

Is the university or National Ladratory Contractorrequired to become a subawardee if requested by the
applicant?

No. Collaborations with universities or National loaéitory Contractorsnust be negotiated between the
applicant small business and the research organization. The ability of a university or Natianaldrgb
Contractorto act as a subcontractor may be affected by existing or anticipated commitments of the researct
staff ard 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 n@xclusive?
Each TTO will describe ather an exclusive or neaxclusive license to the technology is available for
negotiation. Licenses are typically limited to a specific field of use.

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

Those selected for award unda TTO subtopic, will be granted rights to perform research and development
of the technology during their Phase | or Phase |l graRlsase note that these are NOT commercial rights
which allow you to license, manufacture, or sell, but only rightseidgzm research and development. In
addition, an awardee will be provided a+gost, six month option to license the technology at the start of

the Phase | awardlt will be the responsibility of the small business to demonstrate adequate progress
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 Laboratory Contractor
which owns the TTO.

How many awards will be mad® a TTO subtopic?
We anticipate making a maximum of one award per TTO subtdipie receive applications to a TTO that
address different fields of use, it is possible that more than one award will be made per TTO.
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How will applying for an SBIR or STTR grant associated with a TTO benefit me?

By leveraging prior research and patents frommndaversity orNational Labratory Contractoryou will have a
AAIAYATFAOFIYG GaKSIFR adl Nlé¢ 2y omakdgyedtdsyude of thisyadantages O K
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 esviand selection process as other applications.

10
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PROGRAMREAOVERVIEWOFFICEFCYBERSECURENERGSECURITEND
EMERGEN@ESPONSE

The Office of Cybersecurity, Energy Security, and Emergency Response (CESER) leads the Department of
9y SNHeQa SYSNHSyOeé LINBLI NBRySaa |yR O22NRAYLIFGSR
physical and cybeattacks, natural disasters, amlan-made events. Cybersecurity for Energy Delivery
Systems (CEDS) is a program within the CESER office that works to develop innovative technologies to aid
power systems in adapting to and surviving from potential cyberattacks.

The CEDS program leveragegartnerships with stakeholders within electricity generation, transmission, and
distribution along with entities that represent the secure delivery of natural gas and petroleum to guide
technology development that enhances energy systems cyberseeuitiigut impeding normal operations.
Research funding is provided to a diverse range of researchers representing asset owners/operators, supply
chain vendors, national laatories, and academia. All CEDS funded research is intended for demonstration
with an entity that represents the potential user of the technology to aid technology transition into wide area
adoption.

~
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Cybersecurity

1. ENERGY SYSTEMS CSBERRITY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phasggplications: YES Accepting STTR Phase | Applications: NO

Research in cybersecurity for energy delivery systems is focused on enhancement of operational technology
(OT) that aids power systems to adapt and survive from a cyberattack and continue safBamse This OT is

the computers and networks that manage, monitor, protect, and control operations of energy delivery
systems. This research topic requests proposals to develop proof of concept for unique and innovative tools
and technologies that addresa need for the cyber security of power systems operations. Selected proposals
must include a scope of work that will lead up to, but will not include, the development of a demonstration
prototype.

All applications to subtopics under this topic should:

1 Be consistent with and have performance metrics (whenever possible) linked to published,
authoritative analyses in your technology space.

1 Clearly define the merit of the proposed innovation compared to competing approaches and the
anticipated outcome.

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

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

1 Fully justify all performance claims with thoughtful theoretical predictions and/or experimental data.
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1 Fully justify the future potential for demonstration with an asset owner/operator whemisntended
user.

Grant applications are sought in the following subtopics:

a. Cybersecurity during Contingency Operations
This subtopic area is for the development of tools and technologies that ensure secure access to energy
delivery systems OT duringrdongency operations. This capability must be timely and secure to prevent
any interruption in operations. This tool must also not hinder the work that must be done to transition
from contingency to normal operations of the energy delivery system.

Questims ¢ Contact: Walter Yambeialter.Yamben@netl.doe.gov

b. Power Systems Settings Security
This subtopic is for the development of tools, technologies, and methodologies that prevent malicious
alterations ofpower systemssettings. This technology can include but is not limited to means of detecting
a cyber intrusion; detecting alterations to critical settings; and controlling access to energy delivery
systems settings.

Questiong; Contact: Walter YambeiValter.Yamben@netl.doe.gov

References:
1. American Petroeum Institute, 2014, State of Operational Technology Cybersecurity in the Oil and
Natural Gas Industry, p. 82.
www.api.org/~/media/Files/Policy/Cybersecurity/OperationgdchnologiessuidanceDocAprl4.pdf

2. Office of Electricity Delivery and Energy Reliability, 20 8tiyear Plan for Bergy Sector
Cybersecurity, United States Department of Energy, p. 52.
www.energy.gov/sites/prod/files/2018/05/f51/DE%20Multiyear%20Plan%20for%20Energy%20Secto
r%20Cybersecurity%20 0.pdf

3. Energy Sector Control Systems Working Group, 2011, Roadmap to Achieve Energy Systems
Cybersecurity, United States Department of Energy, p. 75.
www.energy.gov/sites/prod/files/Energy%20Delivery%20Systems%20Cybersecurity%20Roadmap_fin

web.pdf

4. National Institute of Standards arfechnology, 2014, Smart Grid Cybersecurity Stategy, Architechture,
and HighLevel Requirements, Guidelines for Smart Grid Cyber Security -2,dNISTIR 7628, p. 668.
https://nvipubs.nist.gov/nistpubs/ir/2014/NIST.IR.7628r1.pdf

5. IEEE Standards Association, 2015, C372P4@- IEEE Standard Cybersecurity Requirements for
Substation Automation, Protection, and Control Systems.
https://ieeexplore.ieee.org/document/7024885

12


mailto:Walter.Yamben@netl.doe.gov
mailto:Walter.Yamben@netl.doe.gov
https://www.api.org/~/media/Files/Policy/Cybersecurity/Operational-Technologies-Guidance-Doc-Apr14.pdf
http://www.energy.gov/sites/prod/files/2018/05/f51/DOE%20Multiyear%20Plan%20for%20Energy%20Sector%20Cybersecurity%20_0.pdf
http://www.energy.gov/sites/prod/files/2018/05/f51/DOE%20Multiyear%20Plan%20for%20Energy%20Sector%20Cybersecurity%20_0.pdf
http://www.energy.gov/sites/prod/files/Energy%20Delivery%20Systems%20Cybersecurity%20Roadmap_finalweb.pdf
http://www.energy.gov/sites/prod/files/Energy%20Delivery%20Systems%20Cybersecurity%20Roadmap_finalweb.pdf
https://nvlpubs.nist.gov/nistpubs/ir/2014/NIST.IR.7628r1.pdf
https://ieeexplore.ieee.org/document/7024885

Return to Table of Contents

PROGRAMREAOVERVIEWOFFICEFDEFENSEUCLEARONPROLIFERATIGNSEARCH
ANDDEVELOPMENT

The Defense Nuclear Nonproliferation (DNN) mission 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 prolifation of weapons of mass destruction worldwide; and eliminate or

secure inventories of surplus materials and infrastructure usable for nuclear weapons. It is the organization
GAGKAY GKS 5SLINILIYSYd 2F 9ySNH@ Qa bdspgbdsiblgforpreventrgf S
the spread of materials, 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 secity by developing capabilities to detect and characterize global nuclear security
threats. The DNN R&D program also supports ecossng functions and foundational capabilities across
nonproliferation, counterterrorism, and emergency response missi@asr Specifically, the DNN R&D

program makes these 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 nuclear 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 industpetform research and demonstrate advances in
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 Prolifetaon Detection (PD) develops advanced technical capabilities 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 nucleatenals; (2) detect, characterize, and monitor
foreign development of nuclear weapons and to support the nuclear counterterrorism and incident response
mission; and (3) provide enabling capabilities for raudte applications across the NNSA and interagenc
community.

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

2. ADVANCED SAMPLE RHRATION FOR MICR@ANSES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO

Nuclear forensics analyses often involves combining information from several microanalytical imaging
technologies (e.g., optical microscopy, scanning electron microscopy (SEM), secondary ion mass spectrome:
(SIMS), and other spectroscopic methods) ieras$ fashion to provide complete characterization of material
samples. Advances in modern imaging techniques have resulted in unprecedented capability to spatially
resolve chemical and physical properties at length scales that span the nanometer tonetiersange. In
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concert with these microanalytical imaging technologies, significant advances in machine vision approaches
have produced highly efficient algorithms for image processing, recognition and manipulation. A grand
challenge for analytical imaggrtechnologies is characterization of regions of interest within a material sample
using complementary methods, which requires relocating features with high accuracy (e.g., within a few
micrometers), and correlating analytical signals from disparate telcigies (e.g. reflected light, secondary
electrons or ions,xay fluorescence, etc.). Such challenges can be addressed via innovative machine vision
approaches to index regions of interest within a sample across multiple analytical imaging platforrabl® en

(i) efficient correlation of analytical images collected by complementary microanalytical techniques and (ii)
effective removal or manipulation of sample features (i.e. particulate matter, impurities, etc.).

Grant applications are sought in thelfimking subtopics:

a. Optical Microscopic Correlation to Analytical Imaging Platforms
Machine vision approaches that confidently correlate features in the spatial foéldew between optical
microscopy platforms and analytical images obtained by SEENJEDS, SIMS, and other analytical imaging
methods. The software developed in this subtopic shall address and automate (i) the type of analytical
information that is necessary for accurate correlation, (ii) approaches to correct aberrations resulting in
platform-specific images, (iii) indexed correlation between images from at least one analytical imaging
system and optical microscopy, and (iv) accurate indexing of features of interest on optical microscopy
platforms to resolutions of 1 micrometer (or let). Sample substrates typically require conductive
materials such as metabated glass, silicon, or carbon and require registration at or better than the 1
micrometer scale.

Questions; Contact:Timothy AshenfelterTimothy.Ashenfelter@nnsa.doe.gov

b. Particle Manipulation and Removal for Dispersed Samples
An optical inspection and robust sample manipulation stage is needed for the removal of particulate
materials (typical diameters 0f300 micraneters). The stage shall consist of an optical microscope, with
particle / feature manipulation capable of at least 4 degrees of freedom (Q©K) x,y,z sample
movement and z movement of particle removal mechangswith submicrometer reproducible
positioning. The sample removal mechanisms must utilize methods that do not alter the chemical
composition of the particulates or transfer contamination so that utace destructive analyses can be
performed to characterize chemical and isotopic composibf collected particles. Particles comprised of
refractory materials (e.g. SiO2, Al203, and similar oxides) are the target materials for this system.

Questions; Contact:Timothy AshenfelterTimothy.Ashenfelter@nnsa.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.

Questions; Contact:Timothy AshenfelterTimothy.Ashenfelter@nnsa.doe.gov

References: Subtopic a:

1. Nelson, M. P., Zugates, C. T., Treado, P. J., et al, 2001, Combining Raman Chemical Imaging and
Scanning Electron Microscopy to Characterize Antlitere Particulate Matter, Aerosol Science &
Technology, Vol. 34, Issue 1, p. 105 .
https://www.tandfonline.com/doi/abs/10.1080/02786820120709
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2. Schaaff, T.G., McMahon, J.M., arnatdd, P.J., 2002, Semiautomated Analytical Image Correlation,
Analytical Chemistry, Volume 74, Issue 17, p. 48839.
https://pubs.acs.org/doi/abs/10.1021/ac025693b

3. Masyuko, R., Lanni, E.Sweedler, J.V., and Bohn, P.W., 2013, Correlated Imadgirgrand Challenge
in Chemical Analysis, Analyst, Volume 138, Issue 7, p-119881
http://europepmc.org/articles/pmc3718397

4. Park, Y.J., Song, K., Pyo, H.Y., Lee, M. H., et al, 2006, Investigation on the Fission Track Analysis of
Uraniumdoped Particles for the Screening of Safeguards Environmental Samples, Nuclear Instrument
and Methods in Physics Research Section A: Accetsré&pectrometers, Detectors and Associated
Equipment, Volume 557, Issue 2, p. 6%63.
https://inis.iaea.org/search/search.aspx?orig_g=RN:37089885

References: Subtopic b:
1. Gong, Z., Chen, B. K., Liu, J., Zhou, C., et al, 2014, Fluorescence and SEM Correlative Microscopy fol
Nanomanipulation of Subcellular Structures, Light: Science & Applications, Vol. 3, e224.
https://www.nature.com/articles/Isa2014105

2. Zimmermann, S., Tiemerding, T., and Fatikow, S., 2014, Automated Robotic Manipulation of Individua
Colloidal Particles using Vistbased Control, IEEASME Transactions on Mechatronics, Volume 20,
Issue 5, p 2032038. https://ieeexplore.ieee.org/document/6930820/

3. Pinskier, J., Shirinzadeh, B., Clark, L., and Qin, Y., 2018, Developme@Faiaptic
Micromanipulator utilizing a Hybrid Parallel Seféexure Mechanism. Mechatronics, Volume 50, p. 55
68. https://www.sciencedirect.com/science/article/abs/pii/S0957415818300072

4. Curtis, M. and Farago, F. T., 2013ndtmok of Dimensional Measurement, Fifth Edition, Industrial
Press Inc., p. 656, ISBIN80831134655http://new.industrialpress.com/handbookf-dimensiaal
measurementfifth -edition.html

3. REMOTE DETECTIONHMGLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO

The Remote DetectioRrogram within the Office of Defense Nuclear Nonproliferation Research and
Development (DNN R&D) has an objective to develop new technologies and methods for nuclear and
radiological material security. Meeting this objective requires the improvement eéntitechnology and the
development of new tools for remote detection applications. These advances can be used to enable
emergency response, safeguards, treaty verification, and other government applications. Research areas in
the remote sensing programdaiude: 1) the development of imaging and Romaging systems (passive or
active), 2) multmodal detection technology, and 3) enhancing detection opportunities through
computational methods.

Grant applications are sought in the following subtopics:
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a. NovelHSI Sensor
Concepts for novel analysis tools that maximize the return of information from hyperspectral imaging (HSI
while optimizing analysis timare solicited. Hyperspectral imaging analysis systems can provide mineral
and chemical signatures, andrazentration of species analysis; therefore, HSI may have applications to
many areas of nuclear proliferation detection.

HSI collections produce pixelated, three dimensional, multivariate hypercube data that can be used to
determine chemical compositiomd the physical properties of materidlSThe high dimensionality of the
data sets represent a large computational burden that HSI analysis tools should seek to alleviate. Novel
techniques and concepts to extract chemical concentration information ove8®enm to 2500 nm

region are of interest

Questions; Contact:Chris Ramo<;hristopher.ramos@nnsa.doe.gov

b. Small Sensor Packages
Improved sensing and analysis technologies that can be fielded on compact, unmanned aerial vehicles
(UAVSs) is solicited. Such portable systems allow for novel-moltial sensing opportunities.

Multi-modal sensing allows for the gathering of signaturesn different phenomenologies. This

combined data can give a much more detailed understanding of activities within a geographical area (e.g.
accurately locating and identifying chemical or mineral signatjr@here is a need to development
complimentarysensor packages which meet size, weight, and power (SWaP) requirements imposed durin
UAV operation. Sensing options may include: synthetic aperture radar’(8giR)detection and ranging
(LIDAR), hyperspectral imaging (HSI), infrasound, or radiogheguFeatures of these platforms may be:

M® WLI dza | Yy R L-theskelf dtends; 8. bHodrdiadalygishofisieariiy Hata that can

direct the tasking of specific sensors and/or autonomous flight plans; 3. compact relaying of salient signal
features; or 4. enhanced sensor systems that require partnering with nearby>UAVs

Phase | will be a conceptual engineering design with performance model of a small sensor package and
Phase Il will proceed to sensor development.

Questiong; Contact:Chris RamosChristopher.ramos@nnsa.doe.gov

c. Vegetation Subtraction Tool
Improved technologies and methods are sought to filter and remove vegetation from remote imagery and
other optical data. The reoval of vegetation can result in enhanced digital surface models (DSMs);
accurate DSMs can be used to determine if and what proliferation activities are present in areas of dense
foliage (e.g. under jungle canopies).

Currently, methods to remove vegetah from DSMs based on photographic, light detection and ranging
(LIDAR) or synthetic aperture radar (SARlpta are well known. Infrared and RGB have not received as
much attentior?. Of particular interest are tools that can combine disparate data petslinto one DSM
and/or perform vegetation removal operations with minimal useithe loop.

Questiong; Contact:Chris Ramoghristopher.ramos@nnsa.doe.gov
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d. Flora BicIndicator
DNN R&D is seelgnmproved technologies and methods that use native flora specifically sensitive to
source emissions from suspected nuclear facilitiesm-astu indicators and monitoring mechanisms of
facility functional status Exploiting the native flora will expantié application space of current remote
sensing systems to detecting proliferation activity from longer range standoff distances.

In order to use native flora as a bioindicator and monitor of proliferation activity, the expassponse
relationship musbe well understood. Therefore, there is a need to develop tools and techniques that will
establish the qualitative and quantitative plant response to source emissiénBotential strategies

would involve controlled laboratory exposures coupled wittsitn sampling methods and targeting key
plant organelle$®® An identified need is the development of near riale measurement solutions that
could be used #iield to confirm plant response to environmental exposurésn addition, a secondary
confirmation method involving quantitative analytic measurements in a controlled laboratory setting is
also considered an essential part of the research and develophient

Questions; Contact:Chris Ramoghristopher.ramos@nnsa.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.

Questions; Contact:Chris Ramoghristopher.ramos@nnsa.doe.gov

References: Subtopic a:
1. Earth Observing 1 (EQ, U.S. Geological Survey.
https://archive.ugys.qgov/archive/sites/eol.usgs.gov/index.html

2. Sole Supplier of Hyperspectral Imagery for Advancedi@etligence, Satellogic.
https://www.satellogic.com/commitmento-science

3. Hanam M., Lewis, J., Pollack, J., Dill, C., et al, 2017,-Sperce Monitoring of Uranium Mining and
Milling for Nuclear Nonproliferation Applications, Center for Nonproliferation Studies at Middlebury
FYR {dFYyF2NR | YAOBSNEA G2 Qand CoBpérateiy NS DbLhsloyaliPaded#B4d
https://www.nonproliferation.org/op34opensourcemonitoring-of-uraniumminingand-milling-for-
nuclearnonproliferationapplications/

References: Subtopic b:
1. Burger, J. and Gowen, A., 2011, Data Handling in Hyperspectral Image Analysis, Chemometrics and
Intelligent Laboratory Systems, Volume 108, Issue 1,{2213
https://www.sciencedirect.com/science/article/abs/pii/S0169743911000761

2. Kucheryavski, S., 2011, Extracting Useful Information from Images, Chemometrics aigetell
Laboratory Systems, Volume 108, Issue 1;12.2
https://www.sciencedirect.com/science/article/abs/pii/S0169743910002297

3. Chen, Z., Morris, J., and Martin, 2006, Extracting Chemical Information from Spectral Data with
Multiplicative Light Scattering Effects by Optical Pla¢éimgth Estimation and Correction, Analytical
Chemistry, Vol. 78 Issue 22, p. 767@81.https://pubs.acs.org/doi/abs/10.1021/ac0610255
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Hanam, M., Lewis, J., Pollack, J., Dill, C., et al, 2017;%pece Monitoring of Uranium Mining and
Milling for Nuclear Nonproliferation Applications, Center for Nonproliferation Studié4siddlebury

FYR {dFYyF2NR | YAOSNBEAGEQA / SYGSNI F2NJ LYGSNYL @
https://www.nonproliferation.org/op34opensourcemonitoring-of-uraniumminingand-milling-for-
nuclearnonproliferationapplications/

References: Subtopic c:

1.

Alharthy, A., Bethel, J., 2002, Heuristic Filtering and 3D Feature Extraction frAR DHIa, ISPRS
Commission 11, Symposium 2002 and Photogrammetric Computer Vision PCV'024p. 29
http://www.isprs.org/proceedings/XXXIV/part3/

Baug C. A,, Bates, P. D., Schumann, G., and Trigg, M. A., 2013, SRTM Vegetation Removal and
Hydrodynamic Modeling Accuracy, Water Resources Research, Vol. 49, {28976
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/wrcr.20412

Skarlatos, D. and Vlachos, M., 2018, Vegetation Removal from UAV Derived DSMS, Using Combinati
of RGB and NIR Imagery, ISPRS Ann. Photogramm. Remote Sens. Spatial Haf. 5@53%62.
https://www.isprs-annphotogrammremote-sensspatiatinf-sci.net/I\V2/255/2018/

References: Subtopic d:

1.

Klumpp, A., Fomin, A., Klumpp, G., and Ansel, 904 2European Network for the Assessment of Air
Quiality by the Use of Bioindicator Plants, EuroBionet, LIFE99 ENV/D/000453.
https://www.researchgate.net/publication/277008671 European_network for_the assessment of ai
r_quality by the use of bioindicator plantsthe first year of EuroBionet

Badamasi, H., 2017, BiomonitoringAif Pollution using Plants, Journal of Environmental Sciences
MAYFEB, Vol. 2, p.-3B. http://www.mayfeb.com/OJS/index.php/ENV/article/view/440

Clemens, S., 2006, Toxic Metal Analation, Responses tBxposure andlechanisms offolerance
in Plants, Biochimie, Vol. 88, Issue 11, p. 2I0X9.https://www.ncbi.nlm.nih.gov/pubmed/16914250

Mueller, S. J., Hoernsteis. N., and Reski, R., 2017, Approaches to Characterize Organelle,
Compartment, or Structure Purity. Methods in Molecular Biology, Vol. 1511-p813
https://www.ncbi.nlm.nih.gov/pubmed/2773089

Kota, U. and Goshe, M.B., 2011, Advances in Qualitative and Quantitative Plant Membrane Proteomic
Phytochemistry, Vol. 72, Issue 10, p. 1A49®0.https://www.ncbi.nim.nih.gov/pubmed/2136437

Wang, X., Gao, Y., Feng, Y., Li, X., et al, 2014, Cadmium Stress Disrupts the Endomembrane Organe
and Endocytosis during Picea wilsonii Pollen Germination and Tube Growth, PLoS ONE, Vol. 9, Issue
94721 https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0094721

. Lilley, K. S. and Dupree, P., 2006, Methods for Quantitative Proteonomics and their Application to Plar

Organelle Characterizati, Journal of Experimental Botany, Vol. 57, Issue 7, p.-1498.
https://www.ncbi.nlm.nih.gov/pubmed/16617121
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8. Su, P¢H. and Lai, ¥H., 2017, A Reliable and Ndestructive Method for Mororing the Stromal pH
in Isolated Chloroplast using a Fluorescent pH Probe, Frontiers in Plant Science, Vol. 8, 2079.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5723387/

9. Agrawal, GK., Bouguignon, J., Rolland, N., et al, 2011, Plant Organelle Proteonomics: Collaborating fc
Optimal Cell Function, Mass Spectrometry Reviews, Vol. 30, Issue 5:§63.72
https://www.ncbi.nlm.nih.gov/pubmed/21038434

10. Office of Biological and Environmental Research, 2015, New Bioimaging Technologies for Plant and
Microbial Systems, U.S. Department of Energy, p. 11.
https://science.energy.gov/~/media/ber/pdf/communityesources/biocimaging_technologies.pdf

11.Badamasi, H., 2017, Biomonitoring of Air Pollution using Plants, MAYFEB Journal of Environmental
Science, Vol. 2, p. Z30. http://www.mayfeb.com/OJS/index.php/ENV/article/view/440

4. ALTERNATIVE RADIANISOURCE TECHNOLGGIE

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO

Reduction of the reliance of higdrctivity commercial and industrial radioactive sources is a honproliferation
goal. The Office of Proliferation Detection is interestingemeloping replacements for radiological sources to
promote the adoption of nofradioisotopic alternative technologies where technically, operationally, and
economically feasible.

Grant applications are sought in the following subtopics:

a. Compact Cyclotros for Nuclear Security
While compact cyclotrons have been demonstrated for medical isotope production, a number of
challenges remain in the development of a fieldable, commercial system for nuclear security applications.

Proposals should consider thelfaling issues:

1 Practical considerations of required ion energies and beam intensitiegitdear security
applications including: a) lon source type, b) Energy of the ions at the extraction point, c) Intensity
of the beam.

1 Mobility: Considerations that auld permit the system to be transportable should be explored.
Operation in transit is not a requirement.

1 Internal ion source and beam quality are important considerations irddéegn. Each application
dictates the desired beam current, which in turnhaiffect the selection of the source, including its
positioning. An external ion source may be required for higher beam currents, but the complexity
and cost for this option should be considered.

1 Alternative approaches to perform beam extraction from cyrcos is desired. Since beam quality
and intensity are essential in this application space, the following should be considered: a) Beam
deflection/losses at the extraction point, b) Orbit stability and turn separation at the extraction
point and effect ofbeam extraction on inner orbits, c) Fringe field effects at the beam extraction
point.
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Phase | should produce a conceptual design of a cyclotron capable of satisfying the needs of nuclear
security. Proposals should emphasize the importance of compagrdesthout compromising the quality

and the energy of the ion beam. Proposals should NOT focus on conversion target design (e.g. conversio
of the extracted ions to other particles) other than identifying promising reactions and listing justification
for selection a particular material. Phase Il should include a detailed system design.

Questiong; Contact:Donald Hornbackonald.Hornback@nnsa.doe.gov

. Non-RadioisotopicTechnology for Industrial Radiography
Proposals are sought for the development of an ultrasonic testing device capable of replacing the need fo
radioisotope sourcéased radiography cameras.

Industrial radiography is widely used in the chemical, petengital, and building industries for

radiographic inspection of pipes, boilers, and structures where the economic and safety consequences of
failure can be severe. Multiple radiography technologies are available, with radioisotope sources, non
radioisotopicx-ray sources, and ultrasonic testing sources in wide use. The use eddtigity

radioisotope sources (including182, Ce60, and S&'5) poses a radiological security risk since the sources
could be stolen and used in a radiological dispersal defid¢) & R A NIy adduNfas@Eni® testing

have the potential to be used in lieu of radioisotope sources, thus eliminating the security risk. However,
the technology needs to be improved to overcome its current deficiencies.

The device needs to be emobile and robust to challenging environmental conditions, including cold
temperatures where the coupling fluid that is currently used fails to operate. The device should employ
novel methods to identify material defects that have previously been angiltgy for ultrasonic testing,
including narrow defects that are aligned with the sound wave, shallow surface defects, and porosity
variations. In addition, the device should include improved analysis software to make the ultrasonic scans
easier to interpré, requiring less technician training than currently available ultrasonic testing devices. The
device should be reliable, robust, and cost competitive with gamma radiography cameras.

Questiong; Contact:Donald Hornbackonald.Hornback@nnsa.doe.gov

Non-Radioisotopic Irradiation Technology to Enable Sterile Insect Technique
Proposals are sought for the development of a-skilded irradiator that is ideally suited to insect
irradiation in support othe Sterile Insect Technique.

Sterile Insect Technique is a method of insect pest control by which target insects (typically males only) al
reared in mass, rendered sterile, and released to compete with wild insects in a target region. If sufficient
numbers of wild females mate with sterile rather than fertile males, the target insect population will be
reduced. One common method of insect sterilization is exposure to ionizing radiation, typically from
radioisotope sources (e.g. &0 or Csl37). The usef highactivity radioisotope sources poses a

radiological security risk since the sources could be stolen and used in a radiological dispersal device, or
GRANI & 02Y0¢ P ¢ KSabiFobNSauUrces keSrragzr ectoif beghiyadiats) in

lieu of highactivity radioisotope sources supports radiological security by eliminating the risk of
radioisotope source theft and misuse.

The device needs to be capable of high throughput processing, preferably including a conveyer system. A
devie that can be installed #ine with the insect processing equipment would be ideal. The device must
meet the dose delivery and dose uniformity requirements for SIT applications: typicaly®DGy and a
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Dose Uniformity Ratio below 1.5, preferably bel@v8. The device needs to be reliable, robust, and
sustainable in challenging operating conditions including unpredictable electrical power, environmental
control (temperature and humidity), and water supply systems. The device should be easy to opérate an
maintain, and be cost competitive with existing radioisotope sodrased irradiators.

Questiong; Contact:Donald Hornbackonald.Hornback@nnsa.doe.gov

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

Questions; Contact:Donald Hornback)onald.Hornback@nnsa.doe.gov

Refererces: Subtopic a:
1. 1 SYyyAy3as 2d FyR {KFIy1lZ / ®X uwunanmnz da! OOSt SNI G2 N
Department of Energy, p. 100.
https://science.energy.gov/~/media/hep/pdi/files/pdfs/Accel for Americas Future final report.pdf

References: Subtopic b:
1. National Research Council, 2008, Radiation Source Use and Replacement: Abbreviated Version,
National Academies Press, Washington, @32, ISBN2780-309-110143 .
https://www.nap.edu/catalog/11976/radiatiorsourceuse-and-replacementabbreviatedversion

2. Moran, T. L., RamuhglP., Pardini, A. F., Anderson, M. T., et al, 2010, Replacement of Radiography
with Ultrasonics for the Nondestructive Inspection of Weltlaluation of Technical Gaps Interim
Report, Pacific Northwest National Laboratory, p. 84.
https://www.nrc.gov/docs/ML1010/ML101031254.pdf

References: Subtopic c:
1. Dyck, V. A., Hendrichd., and Robinson, A. S., eds., 2005, Sterile Insect Technique: Principles and
Practice in Areavide Integrated Pest Management, Springer Netherlands, p. 787, ISBN: YR}
4051-1. https:// www.springer.com/us/book/9781402040504

2. Mastrangelo, T., Parker, A. G., Jessup, A., Pereira, R., et al, 2010, A New Generation of X ray Irradiat
for Insect Sterilization, Journal of Economic Entomology, Vol. 103, Issue 194. 85
https://www.ncbi.nlm.nih.gov/pubmed/20214372

3. Parker, A. and Mehta, K., 2007, Sterile Insect Technique: A Model for Dose Optimization for Improved
Sterile Insect Quality, Florida Entomologist, Vol. 90, Issue8B-$6.
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secure, resilient, and reliable. OE works to develop new technologies to enhance the infrastructure that bring
electricity into our homes, officegnd factories and to improve the federal and state electricity policies and
programs that shape electricity system planning and market operations. OE also works on solutions that
bolster the resiliency of the electric grid and assists with restoration whajor energy supply interruptions

occur.
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stakeholders to ensure that clean energy technologies can be integrated in a safe, reliable, agffectise
manner. OE leverages effective partnerships, solid research, and best practices to address diverse interests
achieving economic, societal, and environmental objectives.
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Review

5. ADVANCED GRID OPERNAL TECHNOLOGIES

Maximum PhaseAward Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO

The electric power grid is facing increasing stress due to fundamental changes in bothssdeplpd

demand-side technologies. On the suppide, there is a shift from large synchronous generators (e.g., coal,
nuclear) to smaller units (e.g., ghred turbines) and variable energy resources (e.g., renewables). On the
demandside, there is a growing numbef distributed energy resources, as well as the increasing use of
electronic converters in buildings, industrial equipment, and consumer devices. The monitoring, control, and
protection systems used for grid operations are also transitioning from analtgnsyso 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 potentially millions of control points. In essence, the grid we have today
wasnotdesly SR F2NJ (2RI 8 Qa NGB I dzagdderdtdy giidiopdragidral @chriolbgieR S Y |

All applications to subtopics under this topic should:

1 Be consistent with and have performance metrics (whenever possible) linked to published,
authoritativeanalyses in your technology space.

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 followon work.

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

1 Fully justify all performance claimstivithoughtful theoretical predictions and/or experimental data.

Grant applications are sought in the following subtopics:
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a. Blockchain Technologies for the Electric Grid
Blockchain technologies have the potential to address electric system challengessatiaps, markets,
and grid information and communications technologies (ICT). There are multiple blockchain offerings in
development today with many approaches for achieving consensus between peers in a decentralized,
distributed peerto-peer network; sore are private and permissioned while others claim to be fully
decentralized and permissidess. However, there have been limited instances where blockchain
technologies were utilized to enhance grid reliability and resilience.

Despite recent advances, matechnical challenges remain in applying blockchain technologies to the
electric grid. For example, many consensus mechanisms have limitations such asieteasjye proof of
work, and the energy per transaction needs to be accurately quantified aheteel to an acceptable
level. Additionally, scalability to a sufficiently large number of nodes, depending on the application
scenario, has yet to be demonstrated in practice. Heterogeneity of nodes, either due to differences in
vendor hardware or type dflockchain used, presents yet another hurdle.

All applications to this subtopic should consider:

1 Open source software/architectures that preserve the salient features of blockchain technologies
such as immutability and decentralization;

1 Compatibility withexisting grid infrastructure and associated communications protocols such as
DNP3; and

1 Compatibility or complementarity, if applicable, of proposed blockchain with databases such as
AYTFEdzEROZ hLISYy¢{5.3 yR Lt C{Z= ItyefaugkentedwitkK S o f
such technologies.

All applications must include a full description of blockchain properties including: blockchain type (e.g.,
private and permissioned vs. public and trustless); consensus mechanism; block size in MB; how the date
secured at the source after origination and during transport, before being validated and embedded in a
block; whether full nodes or partial nodes are being used; extent of logical and physical decentralization;
guantitative information on block latency dselates to the use case needs; network latency due to
infrastructure; requirements in terms of processor, memory, and bandwidth; known blockchain attack
vectors with risk mitigation plans; and cybersecurity properties and functions (e.g., device audess a
authentication, message integrity, confidentiality, and repudiation).

Additionally, all applications should discuss how the solution can be applied to at least one of the following
use cases:
1 A lowtrust, highintegrity peerto-peer (i.e., custometo-customer and custometo-utility)
transactional network for energy or other grid services with incorporation of both static and
dynamic grid constraints. Grid constraints include but are not limited to congestion, physical or
operational limits of equiment or conductors, and electrical connectivity (e.g., feeder
reconfiguration that creates or eliminates conductive paths between prospective transacting
entities).
1 Distributing securely and maintaining higitegrity of asset firmware or configuratianformation
for distributed applications (including preservation of current and prior applications). Assets
SyO2YLJ aa adzadl A2y KFENRgFNBE o0Sd3Idr LI2 g SN
field hardware (e.g., distribution transformers, resérs, capacitor banks, meters), and may extend
to customerowned assets.
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1 Enhancing the integrity and immutability of sensor data and data transport from the point of
origination to centralized datastores at the utility. Data availability at individudpemts, among
nodes at the distribution feeder and distribution substation level (as required by distributed data
environments such as Open Field Message Bus), and at the utilityemelichust be discussed.

Data integrity prior to and after incorporatianto a blockchain must also be discussed.

For the use cases, scalability must be demonstrated up to a distribution substation comprising of 3 to 8
distribution feeders serving a mix of commercial and residential customers with a total customer count
between 500 and 5,000 and a total ICT asset count of 10,000. Scalability to multiple distribution
substations and beyond are encouraged.

Questions; Contact:Christopher IrwinChristopher.lrwin@hg.doe.gov

. Advanced Protective Relaying Technologies and Tools
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power system conditions of an abnormal or dangerous nature and to initiate appropriate tomtoit
FOGA2Yydé 1'a GKS SESOUNRO LIR2oSN ac2aidsSy O2ydAydzSa
advances in protective relaying solutions to ensure the safe and reliable operation of the grid.

Protective relaying technology has evolvednfrbeing based on electromechanical devices, to solid state,
and more recently microprocessors. While the technology has increased in accuracy and functionality,
there has also been a reduction in their life expectancy. Reasons for the shorter life ramggnérmal

effects of power supplies to contact material degradation. Cybersecurity attacks could also cause imprope
relay operations, jeopardizing the operational integrity of the electrical system.

Another concern deals with greater penetration oftdisuted energy resources (DERSs) that can result in
reverse power flows in the distribution system. Protective relaypgahts are based on the assumption
that the utility will supply fault currents but the contributions from DERs may result in failuvpecate.
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 utility workeiT his 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., 3@ years)
Dynanic, adaptive sepoints
Selfdiagnostics

Lower costs

Detection and prevention of misoperation
Improved fault detection and location

= =4 4 -4 -8 -

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

Questiong; Contact: David Howarddavid.howard@hg.doe.gov
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6. ADVANCED GRIDED ENERGY STORABEHNOLOGIES

Maximum Phase | Award Amount: $200,000

Maximum Phasd Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES

Accepting STTR Phase | Applications: NO

Gridtied energy storage systems (ESS) are becoming more prevalent in the electric grid, helping to improve

the reliability, security, flexibility, resilience, and cestectiveness of the existing and future electric

infrastructure. ESS trends are moviogvards systems that include the energy storage technology and power
electronics in an integrated package (e.g., standard shipping container) for ease of transport, siting, and
installation. Smaller form factors present unique challenges for the powerarsion system (PCS) and the
energy storage technology. Challenges include high power density designs, increased efficiency and reliabilit
reduced thermal management requirements, and low costs. Additionally, high power density designs need

special conslerations to ensure safe and reliable operations.

All applications to subtopics under this 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 Clearlydefine 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 Includequantitative projections for price and/or performance improvement that are tied to
representative values included in authoritative publications or in comparison to existing products.

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

Grant applications are sought in the following subtopics:

a. Battery Systems for Energy Assurance During and After Extreme Weather Events
Power outages and interruptions cost the U.S. economy $79B/year and can threatenhaalilicand
safety. During and after extreme weather events that result in wide area or extended grid outages, fossil
fueled generators are typically used as a source of power. However, availability and transportation of fuel
may be difficult and expensive these situations. Various battery technologies can be used as an alternate
to portable generators with different cost and performance implications. For examjibe, fiatteries can
last for many chargelischarge cycles but are expensive, dangerousasport in bulk, and prohibited
from air-lifting; alkaline batteries are inexpensive, have high energy density, longlishetind come in a
charged state but they cannot be recharged; and laadl batteries are affordable but require trickle
chargingand cannot be stored in a charged state.

Rechargeable battery systems are desired that are:

costcompetitive with conventional generators

easily transported and installed at houses, businesses, or communities

low-hazard and safe for rapid deployment

maintains a charged state for at least 5 years (i.e., long Sife)f

durable and robust (e.g., multiple cycles, no special cooling or heating equipment)
hardened (e.g., holds charge and works over a wide temperature range, operates in extreme
weather conditons)

i1 adaptable (e.g., can be charged from the grid or4goid sources such as distributed energy
resources)

system energy density greater than 100Wh/L

at a minimum, provides 15 kWh/day for two days per household

= =4 =4 8 -8 4
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Questions; Contact:imre Gyukjmre.gyuk@hg.doe.qgov

b. Advanced Circuit Topologies for Reliable GHigkd Energy Storage Systems
The ESS PCS controls the power supplied and absorbed from the grid to optimize energy storage device
performance while pantially providing grid services. Wide band gap (WBG) semiconductor switches have
gained significant interest in the past decade due to increased breakdown voltages, faster switching
speeds, and higher junction temperatures compared to their silicon copates. While WBG switches are
key to nextgeneration PCSs with high efficiencies, WBG material and device fabrication technologies are
not as mature, and the resulting devices are relatively vulnerable to various degradation mechanisms.

Changing the way PCS are designed, monitored, and controlled can improve WBG switch performance al
increase reliability, making the most of devices that are available today. For example, advanced sensing
and controls can apply restorative electrical sges on specific switches depending on the level of
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degradation. Advanced circuit topologies withsitu restoration capabilities for nexgeneration, high
reliability ESS are sought.

Suitable designs will be able to operate switches at or beyond thafggaion limits of frequency,
temperature, and blocking voltage while maintaining expected performance parameters. For example,
drift in device parameters such as threshold voltage, breakdown voltage, leakage current,-and on
resistance should not exceeddlover the life of the system (i.e., 25 years with availability > 99.9%,
efficiency > 98%, and THD < 2%) under typical use conditions (e.g., nominal switching frequency, junctior
temperature up to 175°C).

Questions; Contact:imre Gyukjmre.gyuk@hg.doe.gov
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¢ KS 5SLJ NI YSy( Office of EyeRNHEi€hdy arid RénBwiable Energy (FERE)rts early

stage research and development of energy efficiency and renewable energy technologies that make energy
more affordable and that strengthen the reliability, resilience, and security of the U.S. electric grid. DOE
resources are focused on eadtage R&D and reflect an increased reliance on the private sector to fund later
stage research, development, and conmeialization of energy technologies. EERE emphasizes those energy
technologies best positioned to support American energy independence and domestjoojath.

7. ADVANCED MANUFACTNRI

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amouftt,100,000

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

The Advanced Manufacturing Office (AMOX}gs://energy.gov/eere/amq collaborates with industry, 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 Sates.

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 tha éed 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;

1 Include a preliminar cost analysis;

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

Grant applications are sought in the following subtopics:

a. Manufacturing Cybersecurity
Manufacturing is most vulnerable to cybattacks andlisruption to processes, rather than to datand
among manufacturing systems, industrial controls have been identified as most vulnerable. [1, 2] This issl
is especially important for small and meditsized manufacturing enterprises, which usually bog use
commercial control technology and lack personnel dedicated to maintaining control system integrity.
Furthermore, many control systems in use in US manufacturing are older and are not easily upgraded due
to cost and the need for a smaller manufa@uto maintain production without interruption.

This SBIR topic provides the opportunity for small businesses to work with industrial control developers,
vendors, suppliers, standards organizations, and end users to raise situational awareness @f existin
encryption technologies and investigate and develop -@&&tctive technology solutions that fill gaps in
these existing technologies to reduce industrial control vulnerability. NIST has identified cybersecurity
technology gaps for manufacturers. Somelase gaps point to development of new solutions. [3] End
users of special importance are small to medisized manufacturing enterprises that typically buy
commercial control technology for their use and do not have the means to develop technologyute ens
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control security. Phase | grant applications for feasibility research are invited for the following subtopic
areas:

1 Identify gaps in existing encryption technology for digital control and/or propose new solutions to
protect the data in transit or at rest [4]: Many control loop signals are typically digitized at some
point in manufacturing operations. Digital contropisovided directly by Direct Digital Controllers
DCC or Programmable Logic Controllers PLC. These controllers do not typically come with
encryption technology, making digital signals susceptible to exploitation. Phase | exploratory
investigations for the deelopment of digital control encryption solutions that involve existing
technology are invited, especially for technology directed to legacy digital control circuitry that was
not provided with encryption capability originally.

1 Technology for situationawareness in legacy control systems: Manufacturing process corruption
could appear as complete process disruption, or more insidiously through willful changes
introduced almost imperceptibly over time. Phase | grant applications are invited for investigati
in technology development for legacy control system situational awareness usiAmeadr near
reaktime data to detect anomalous conditions within a certain condition. Such technology is
especially important for critical precision applications sastcomputer numeric controls applied in
discrete parts manufacture.

1 Identify gaps in existing wireless sensor signal encryption and propose new solutions: Most wireles
sensors in industrial applications do not provide an encrypted signal to the cotgrokat or the
controller. Those applications are vulnerable to willful disruption or distortion. Encryption would
protect the integrity of the control system. Phase | grant applications are invited for wireless sensor
encryption solutions that involve exisg technologies, and it is expected that investigators will
work with appropriate standards and communications authorities for technology development that
can be commercialized successfully.

Questiong; Contact:Brian ValentineBrian.Valentine @ee.doe.gov

. Atomic Precision for Gaseous Separations

Atomically precise is defined as: Materials, structures, devices, and finished goods produced in a manner
such that every atom is at its specified location tiekato the other atoms, and in which there are no

defects, missing atoms, extra atoms, or incorrect (impurity) atoms. Thus, we are targeting extraordinary
materials that are essentially defect free. As deposition processes cannot produce-fileéestrucdures,

the only currently available assembly method is to design molecules thaassdinmble into defeefree
molecular layers. Proposals for methods that do not synthesize membranes using molectdassgaibly

will be declined without review. Graphef®ased layered membranes are explicitly excluded and proposals
for graphene membranes will not be considered to be responsive.

We seek to further advance the development of this new class of strong, thin, and atomically precise
membrane materials for sepations that provide a 10X permeance improvement over Stditthe-Art
polymer membranes. They would have thicknesses generally below 10 nm for high permeance,
incorporate atomically precise molecular pores for 100% selectivity, be atomically flat tanpfeuéng,
and heavily crosnked for environmental stability. These membranes offer the potential to provide
gamechanging process energy advances.

The subtopic seeks proposals focused on the separation of gases. The separation of gases intgehigh val
products can be game changing for a variety of energy applications. In principle, a series of membranes c
sufficient selectivity could separate air into its raw components of N2, O2, Ar, CO2, Ne, He, etc. for US
manufacturing of high value products atcompetitive advantage. Helium could also be effectively
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separated from particular natural gas sources where it is concentrated (in the Great Plains, for example)
without the need for energy intensive cryogenic treatment. Ethane and propane could beagegp&om

natural gas at low energy cost and sold profitably without the need or infrastructure for cracking, and CO2
could be removed from natural gas with low energy consumption to improve its heating value. CO2 could
also be recovered from combustionggs at the source and reused as carbon feedstock for transformation
to high value hydrocarbons {4].

Responsive proposals will (a) provide evidence that the respondent has the experience and capability to
design atomically precise membranes via molecséfassembly, (b) outline the approach to the

molecular design, (c) include milestones and deliverables for pHyag=d modeling of the membrane,

and (d) ideally provide for some synthesis and testing of the design. Whether or not a fully functional
membrane is proposed for Phase I, there should be some chemical synthesis component to test out a key
aspect of the approach; that is, this is not intended to be a "paper"” study only. As this is a novel approach
to the separation of gases, wider system dadgsues may also arise; these may be included as part of a
proposal, but the main emphasis must still be on the novel molecular design.

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

CoveticProcessing of Critical Materials and Strategic Materials

Covetic nanomaterials are metals in which a network of graphene ribbons and nanopatrticles has been
created using an electrical conversion process in liquid metd].[Unlike ordinary graphene, treovetic
phase exhibits exceptional stabilityit persists after remelting and it resists being burned off in the ASTM
E1019 method for carbon analysis. Covetics can conduct heat and electricity more efficiently than
conventional metals and appear to beone oxidation resistant. Covetic nanomaterials are likely to be
commercially important because the process is inexpensively scalable to tonnage quantities. This implies
the potential for widespread usage in thousands of energy production, transmissiosi@age
applications, and to improve energy efficiency for U.S. manufacturing.-Cutis§he process is of interest
to the Advanced Manufacturing Office because it can be performed on a wide range of commercially
important critical materials and strategymaterials and because it represents a leadidge opportunity

for US manufacturers. Key technical hurdles need to be addressed and low volurnahighdded
applications need to be identified and pursued to introduce covetics into commercial produétieas of
particular interest include:

1 Application development: We seek advances in covetic alloy development for low volume, high
valueadded applications as an entrée to commercialization. This may involve critical materials sucl
as rare earths, stitegic materials [6] such as lithium and hafnium, high value alloys, or precious
metals. We would like to see the process performed on previously unexplored elemental metals
and alloys that make commercial sense. The proposed development effort shoutdyidlee low
volume, high valueadded target alloy and application, quantify the commercial potential, specify a
plan for conversion and chemical analysis, and include the thermophysical and mechanical propert
tests to be conducted. The composition and@amt of physical material to be made should be
explicitly proposed. The processing of that material should be explicitly proposed, including
conversion parameter windows, and particularly thermomechanical deformation parameters and
heat treatment. AMO recognizes that there are a limited number of laboratories with the capability
to make these materials. Applicants should already have some experience in working with covetic
nanomaterials or be partnered with those with experience. Proposals with applicamsg the
ability to make covetics, without prior proof of conversion (including enhanced thermal and
electrical conductivity), will be declined without review.
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1 Chemical analysis: We seek advances in the ability to inexpensively analyze the leveleédon
and unconverted carbon in covetics. ASTM E1019 does not seem to be effective in measuring the
covetic phase [3], and there is an unresolved controversy in this method's ability to distinguish
converted vs. unconverted carbon. GDMS also does not sedm effective. Carbon analysis using
Energy Dispersive Spectroscopy on SEM samples is susceptible to chamber contamination, can b
expensive, and cannot distinguish between converted and unconverted forms. The same goes for
XPS, with the additional prédm of poor statistics from small sample size. Raman and EELS can
detect the graphene form but cannot provide good statistics on bulk concentrations because of the
small sample volumes being measured. DC PES requires a full analysis of all trace atesaydogs,
highly inaccurate at low carbon concentrations, and cannot distinguish between converted and
unconverted forms of carbon. Responsive proposals should include a systematic approach (and
novel techniques) to determine total carbon, unconverted carksong converted carbon. Specific
metallurgical alloys or elements should be proposed with a justification for the expected successful
outcome. We seek novel techniques, perhaps taking advantage of unique strong binding between
the metal matrix and nanocarlmophase. AMO recognizes that there are a limited number of
laboratories with the capability to make these materials. Applicants should already have some
experience in working with covetic nanomaterials or work with those with experience in order to
obtainreference samples.

1 Process development: Laboratory synthesis of covetics has proven to be less than straightforward,
with inconsistent conversion yields and wide variations in resultant properties. Batch conversion
methods will not necessarily scale w&lg O2 y (i A y dz2 dzda LINE R ddO( AW AYSy
the process may be required in that case. We seek proposals that address fundamental
improvements to the conversion process based on known issues and principles of physics and
process metallurgy. Hse issues should be made explicit in the proposal. Applicants should have
appropriate IP positions and agreements in place to proceed with process innovations. Responsive
proposals will provide a clear exposition of the fundamental process issue, why ghpoblem,
and how the proposed work will address the issue and improve and advance the capability of the
covetic conversion process. Upgrades to equipment infrastructure will be considered as part of the
proposed work. Proposed experiments to verifpgess improvements must include appropriate
plans to measure improvements in conversion effectiveness. A design of experiments approach to
optimize process parameters will not be considered responsive to this solicitation.

Questiong; Contact:David Forest,David.Forrest@ee.doe.gov

. TECHNOLOGY TRANSFER OPPORTBMctI6chemical Recycling Electronic Constituents of Value (E
RECOV)

About 60 percent of the eight million tons of electronic waste generated annually in the U.S. end up in
landfills. This electronic waste represents a significant feedstock of valuable base, precious and rare eartt
metals. Current electronic waste recycliefforts are primarily focused on only precious metal recovery.
Processing facilities are located overseas where unsustainable acid leaching or toxic smelting processes
used, and in many cases lack environmental and worker safety controls. Therevarsggheed to employ

safe, cost effective processes within the U.S. to capture all valuable (and in some cases strategic) materic
from electronic waste streams. Such technologies enhance the security of the American people by limiting
the dependence offoreign supplies of these materials while also creating new opportunities for American
manufacturing.

Researchers at Idaho National badtory have developed a novel electrochemical process to safely
dissolve norferrous metals from electronics leading more complete recovery of recyclable materials
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while requiring up to 75 percent less chemical reagent than hydrometallurgical processes of comparable
scale. ThedRECOQV process efficiently recovers the base metals (copper, tin, zinc and nickel) wing allo
precious metals (silver, gold and palladium) to be recovered more efficiently using industry standard
methods. The IRECQV process continuously regenerates the initial oxidizer at the anode, giving the
process solution a long life, resulting in sigr@ht savings in reagents and waste treatment. The result is
reduced chemical use and production of multiple value products. There are options to recover rare earth
elements if the feedstock contains appropriate content.

This Technology Transfer Opporitynseeks to leverage an electrochemical process and associated novel
system of reactors to recover metals from electronic waste developed at Idaho Natiomahtaly, under
funding from the Critical Materials Institute. The ideal candidate for this TppOreunity will have an
expertise in sourcing specific electronic waste such as printed circuit boards, knowledge of abrasive
feedstock size reduction and processing and a knowledge of implementation of hydro and
electrometallurgybased processes. The tatgd outcome will be demonstration and scale up of the
process to remove metals of value from electronic waste streams.

Idaho National Laboratory Information:
Licensing Information:
License type: Exclusive or NBrclusive, please include descriptmfintended field of use in proposal.
Patent Status:
1 U.S. Patent No. 9,777,346
Methods for Recovering Metals from Electronic Waste, and Related Methods
Issued October 3, 2017.
1 U.S. Patent Application No. 15/690,717
Methods for Recovering Metals from Elemtic Waste, and Related Methods
Filed October 30, 2017.

Questiong; Contact:Jonathan Cookpnathan.cook@inl.goandDavid ForrestDavid.Forrest@ee.doe.gov
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8. BIOENERGY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

The Bioenergy Technologies Office (BETO) has a mission to help transform the nation's renewable and
abundant biomass resources into castmpetitive, highperformance biofuels, bioproducts, and biopower.
BETO is focused on forming partnerships with kekedtalders to develop technologies for advanced biofuels
production from lignocellulosic and algal biomass as well as waste resources.

All applications to this topic must:
1 Include projections for price and/or performance improvements that are tied toselae (i.e. MYPP
and/or state of the art products or practices);
1 Propose a tightly structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;
1 Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
Include a preliminary cost analysis;
Provide a path to scale up in potential Phase II follow on work;
Fully justify alperformance claims with thoughtful theoretical predictions or experimental data;
Be based on sound scientific principles (i.e. abides by the law of thermodynamics).

= =4 -4 -4

Grant applications are sought in the following subtopics:

a. CellFree Biochemical Platformto Optimize Biomass Carbon Conversion Efficiency
The Bioenergy Technologies Office is interested in expanding the use-foéeeallstems to further
upgrade cellulosic sugars, lignin compounds, and other waste streams into biofuels and bioproducts. Cell
free biosynthesis technologies are a means of utilizing biocatalysts (enzymes) to perform complicated
biochemical reactions that often cannot occur with industrial inorganic catalysts. As a historical example,
celHree systems have been used to convesli@ose into glucose for the production of ethanol [1].

Cellree biosynthesis technologies offer unique advantages compared to conventional microbial
fermentations. These include the ability to:
1 Direct higher fractions of carbon to product as opposedell maintenance thereby increasing
yield [2];
Obviate the risk of producing or accumulating toxic intermediates to the cell [3];
Reduce capital costs and increase operational throughput by implementing novel reactor designs

[4];

T
T
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different organisms [5].

Significant challenges exist prior to these types of technologies being expanded to the applications
described above. At the recent GEllee Synthetic Biology amglocatalysis Listening Day
(https://www.energy.gov/eere/bioenergy/celfree-syntheticbiologyand-biocatalysidisteningday),
participants iéntified several key technical barriers that need to be overcome. These technical barriers,
enzyme stability, cofactor regeneration, and novel enzyme production hosts and purification strategies,
make up the three areas of focus for this subtopic. Applieces to this subtopic should address only one of
these focus areas in their proposal.

Area 1, Enzyme stability: Enzyme stability represents a significant technical and economic hurdle to
technology development in this space. Without enzymes or lysatdsatieastable on the order of weeks,
significant fractions of carbon will otherwise be used in generating the biocatalysts required of these
systems. If the enzyme(s) are being scaffolded, the enzyme stability should be demonstrated in this
context.

Area 2 Cofactor Regeneration: Inherent to cellular fermentations is the need to balance reducing
equivalents (NADH and NADPH) which is achieved through the conversion of pyruvate t&CAgety!
ferredoxin reductases, etc. Equally important are methods to perfadenosine triphosphate (ATP)
replenishment in the cefiree system. It is simply not economically feasible to supplement dreell
system with these compounds, so they need to be sustaineadtio. Opgenorth [2] describes one such
method of balancinghese cofactors in order to have these available for subsequent enzymes.

Area 3, Novel enzyme production hosts and purification strategies: Curresitez=Bystems rely largely on
the bulk production of enzymes using E. coli as a host. As such, threehagzymes and lysates is limited
to those that can be successfully heterologously expressed in E. coli.

General Requirements:

1 Proposed systems must utilize cellulosic sugars, lignin, or wet waste streams as the primary
feedstock to produce biofuels dwioproducts. Proposed systems can also utilize biological
intermediates as starting materials (e.g. acetate, pyruvate, butyrate, etc.).

1 Applications must address the current state of the art for the production of their target biofuel or
bioproduct. At a mimum they need to identify the titer, rate, and yield.

1 Product yield calculations need to account for the substrate that is used to produce the purified
enzymes and/or lysate.

1 By the end of Phase I, projects must have a strategy for eliminating the aeegdgenous
cofactors (e.g. ATP, NADH, etc.).

1 Methods for enzyme purification from the original host must be considered as this can constitute
significant costs.

Questiong; Contact:David Babsorgavid.babsn@ee.doe.gov

. Reshaping Plastic Design and Degradation for the Bioeconomy

Plastics are a hallmark of modern life and consumer use of plastics is projected to grow over the coming
decades, yet only about 2% of plastics like bottles are recycled into the sasimilarquality applications

[1]. This subtopic will focus on two areas of R&D: Designing Plastics for a Circular Carbon Economy and
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Reimagining Plastic Degradation for Upcycling. Applicants should address only one of the R&D focus are:
in their prgposal.

Area 1: Designing Plastics for a Circular Carbon Economy

Modern plastics need to be designed and manufactured with recyclability in mind. Biobased feedstocks at
well-suited for designing the plastics of the future due to their composition anccgire. Unlike

traditional feedstocks, which contain primarily carboarbon and carboinydrogen bonds, biobased
feedstocks contain cleavable oxygen linkages which could be incorporated into the design of new plastics
SaaSyidAalfte AyilNRRAIOAY IT DNIATLILBNESE REKO2y & G NUzO G A 2
addition, biobased feedstocks can allow access to chemical structures which are not economical to acces
from petroleum, potentially providing new avenues to access performattentaged materials with

novel properties. The Department of Energy is seeking proposals targethugined plastics designed

with end-of-life considerations in mind that can enable a circular carbon economy.

Other considerations include:

1 Proposed systemmust utilize biebased feedstocks including lignocellulosic biomass, cellulosic
hydrolysates, and other lignocelluloserived intermediates. Feedstocks used for feed or food will
be deemed unacceptable.

f Proposals must discuss eoétlife considerationsg R G K2 NP dzZaAKf & SELX | Ay
advantages over petroleum derived materials. This includes methods to quantitatively characterize
of the endof-life properties of the proposed material.

1 Proposals are encouraged to explore performaadeantagd plastics that in addition to superior
end-of-life considerations can outperform traditional plastics for a specific, chosen application.

Area 2: Reimagining Plastic Degradation for Upcycling

Only a small fraction of the 60 million tons of plastic usethe United States is recycled, and an even
smaller fraction is made into similar quality products as the original plastic, due to a loss in material
properties during the recycling process [3]. The rest of plastic waste typically ends up in eittidisland

the environment, causing ecological damage. Better methods are needed to address the large waste
disposal problem presented by currently used plastics. This topic will focus on ways to remake our curren
systems for plastic disposal and recychvith a focus on utilizing an array of plastics as feedstocks for
valueadded applications. The Department of energy is seeking proposals exploring challenges in selectiv
GO, CGN, and & chemistry, crystallinity, feedstock contamination, breakdown rael, other innovative

ideas to address difficulties with plastic degradation and upcycling. Proposals are encouraged to target
systems with low energy requirements as opposed to systems like gasification which have previously bee
thoroughly investigated fothese feedstocks [4].

Other considerations include:

1 Proposed systems must target waste plastic streams including but not limited to polyethylene,
polypropylene, polystyrene, polyethylene terephthalate, polyurethanes, nylons, polyamides, and
polylactams.

1 Proposals are encouraged to target mixed or contaminated waste plastic streams with their
eventual system configurations, though this is not required for Phase I.

1 Proposals are encouraged to target valsded output streams, for example compounds that ar
more valuable than mixed polymelerived monomer streams, though this is not required.

1 Chemical and biological processes are both of interest.
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Questions; Contact:Jay Fitzgeralday.fitzgerald@ee.doe.gov

c. Algae Engineering Incubator
.9¢hQ&a ! R@IYOSR !'t3rtf {2adsSvya &adzod2LAO0x a!f3lS
AYLI OGFdzf ARSFa GKIFIG FNB y20 YSFYyAyYy3Tdz o.&hel RRNE
subtopic will be open to all applications that propose the development of technologies that facilitate the
goals of the Advanced Algal Systems R&D subprogram throughiological, engineering approaches.
Applicants can review the 2017 Peer Revigjhand 2015 Peer Review [2] reports to identify what non
biological, engineering R&D has already been funded in the portfolio.

The scope for this subtopic is intentionally broad. Examples of proposals that fit this subtopic are the
development of equiprant that improves laboratory experimental throughput or data quality, the

creation of technologies that assist in monitoring and automation of cultivation, and the testing of new
materials to reduce the capital expenses of cultivation systems.

S K2g GKS@& gAftf YSSi

Applicantsi K2 dzf R Of SIF N & RSaONRO
drdsS GKS &adz00Saa 27F LIS

GKSANI LINP2SOG oAttt FIOAEANI
Applications specifically not of interest:
1 Applications that propose to condtiR&D that was the primary focus of previous funding
opportunities. Examples of work supported by previous funding opportunities are:

0 Recovery of nutrients from conversion to recycle back to cultivation;

o Development of harvest/processing technology;

o Devebpment, characterization, and valorization of finished biofuels and bioproducts from
algal biomass;

0 Research on biological improvements, including engineering of strains and cultivation
ecology;

0 Research on increasing carbon utilization efficiencies @il algtivation as well as on
developing direct air capture technologies.

1 Applications that propose to develop technology that relies on purely heterotrophic algae
cultivation.

§ Applications that propose mixotrophic algae cultivation strategies that uflize2 Rmo I 8 SR &
OADPSDPE RSNAGSR FTNBY F22Rnol &SR ONRLA Ay Of dzRA
cane).

T 'LILX AOFGA2ya GKI
for energy products (otherthd & +y Syl o6f Ay 3
screening).

1 Applications that propose to work on biomass other than algae biomass (e.g. lignocellulosic

OA2YlIaaszs y2ynlt3arS YAONRB2NHIyAaYas Fdzy3arAsz Si

0 LINBLIR2AS (G2 RS@OSt2L) G§SOKy2f
G22f FT2NJ KA 3IK

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

References: Subtopic a:
1. bradAz2y Lt wSySglofS 9y SNB/EKI[GFGA 2/NIt (INBNBESSO (iné ¢p gFo23NJ &
https://www.nrel.gov/docs/legosti/old/5676.pdf
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9. BUILDINGS
Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount; $1,100,000
Accepting SBIR Phase | ApplicatioES Y Accepting STTR Phase | Applications: YES

WSaARSYUALIfT YR O2YYSNDAIT o6dzAf RAy3aa | 002dzyd T2 N
of electricity use, resulting in an annual national energy bill totaling more than $380 billion The2U.S.

5SLI NGYSYy(d 2F 9y SNHEQa . dakpf/EnkrgyFovieedeKildiy§ ievrkiggin h F T
partnership with industry, academia, national laboratories, and other stakeholders tdagewanovative,
costeffective energy saving technologies that could lead to a significant reduction in building energy
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reduce aggregate building engrgse intensity by 45% by 2030, relative to the consumption of 2010 energy
efficient technologies. The rapid development of ngeineration building technologies are vital to advance
building systems and components that are cosmpetitive inthe marketi 2 YSS&G . ¢h Q& 0 dzA €
reduction goals, and lead to the creation of new business and industries. Moreover, by cutting the energy use
of U.S. buildings by 20%, the American people could save approximately $80 billion annually on energy bills.

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, and are quantitative;

1 Include projections for cost and/or performance improvements that are tied to clearly defined baseline
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 an energy savings impact and/or impact on buildlirgrid interaction as well as a preliminary
cost analysis;

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

Grant applicatios are sought in the following subtopics:

a. Next Generation Residential Air Handlers
According to ASHRAE (American Society of Heating, Refrigerating -®@whditioning Engineers), an air
handler, or air handling unit (AHU), is a Heating, Ventilation ardohditioning (HVAC) device that
regulates and circulates air. BTO seeks to accelerate the development of the next generation Heating,
Ventilation, Airconditioning, and Refrigeration (HVAC&R), water heating and appliance technologies.
HVAC&R technologeconsume more than half of the total energy used in U.S. residential and commercial
buildings [1]. HVAC alone is the largest energy@selfor U.S. buildings, consuming approximately 40%
(15.5 Quads) of total energy in 2015. BTO has published seveoats®m the energy savings potential
and RD&D Opportunities for both Residential and Commercial Building HVAC Systems [2]. These reports
document energy efficiency improvements in residential HYAC systems but show a lack of improvement i
residential AHUgvhich have mostly stayed the same in shape, form, utility and efficiency. These reports
highlight some of the emerging technologies that could be used in future air handlers. BTO is seeking nev
technologies like those highlighted in the BTO reports thatrealically enable a transformative change in
the design, manufacturability, maintenance/service, performance, and energy savings from these next
generation residential AHUs.

¢2RIF&8Qa NBaAaARSYUGALFt AN KIyRf SNEsgsedRtypically I00Klied NI
large rectangular metal box and have for several decades. These air handlers physically connect to a
K2YSQa @SyaAflraAaz2y aeadsSYy GKFIG RAaONAOdzISa GKS
delivering comforto its residents. These units are manufactured at a factory and final installation is done
2YAAUS o0& 22AYyAy3a (KS&S O02YLRySyGa (023SHUKSNI | yF
residential air handlers include several major components includbigwaer (with an electric motor), an
evaporator/condenser coil (heat exchanger) if a heat pump system, a furnace section if using natural gas
heat a home, and an evaporator coil for cooling if it is also an air conditioning system. Today these major
components are optimized as independent components. A transformative change in air handler design wil
require that these components instead be optimized as a system.
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BTO is seeking to develop the next generation of air handlers that are more than justroett@rdesigns,

but also new system configuration based on advanced computational fluid dynamics (CFD) modelling tha
addresses the problem holistically (e.g. relationship of fans with other subcomponents, etc.), and enables
the next generation of air harelrs and of residential HVAC technology overall. The focus is on innovative
solutions that can reduce the energy consumption of an air handler or AHU by a minimum of 25%,
enhance the overall performance of the HVAC system greater than 5% (heating amaling ecoodes),

and enable potential new system configurations and heat exchanger designs. These designs and solutior
also include natural gas or fuied solutions.

az2zal 2F (KSaS aeaidsSyQa SySNHe& ST7TAO0AaSoSEER ilvEitish dzN
thermal units per Wathour (Btu/Wh)), and the heating seasonal performance factor (HSPF in British
thermal units per Wathour (Btu/W:h)). For this solicitation, these metrics should be used to justify all
system energy efficiencyasins. Given the wide range of units and sizes in the field, the applicant is
required to pick a representative unit as the baseline st@it¢he-art (SOA) unit and make all efficiency

and performance claims based on that representative unit. Please jtis#if@OA unit and why it makes

sense for your claims and the rationale behind its choice. While proposals are sought that focuses on
residential air handlers, it is expected that some of these innovations could potential impact commercial
AHUs as well. Apipants should capture these benefits and others if relevant.

Applications should report out the expected costs of the proposed system configuration, providing analysi
to support all claims made. Applications must clearly state how the following tangétse met:

Next Generation Residential Air Handlers Targets

Energy Efficiency > 25% decrease in the energy consumption of a
air handler or AHU and enhance the overall ene
efficiency performance of the HVAC system > 5¢
(heating and/or cooling modes)

Physical size < 10% greater than statef-the-art designs

Required cleaning intervals, or Little to no increase as compared to staikthe-
difficulty of cleaning, to maintain | art designs, should improve system reliability
asnew performance
Susceptibility to damage or Little to no increase as compared to staikthe-
corrosion or performance art designs for relevant applications
degradation during manufacture,
assembly, transportation,
installation, or use

First Cost, system No increase asompared to stateof-the-art
system designs

Questiong; Contact:Antonio Bouzaantonio.bouza@ee.doe.gov

. Novel Materials and Processes for Seldate Lighting
There are numerous fundamental advancements of materials and process that are applicable to energy
saving technologies of interest to the DOE that address high priority research needs such as energy
storage, critical materials usage, efficient manufactarlh S G O® 2 A0 KAY 99w9Qa . dz
(BTO), there are few other opportunities capable of achieving the remarkable energy saving potential
promised by soligstate lighting (SSL) [1]. Today, SSL has begun to transform the general illumination
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landscape in a very significant and energy efficient manner, it is believed that only about 10% of the total
energy conserving potential of SSL has been realized using currently available technologies. To achieve f
goal of reducing domestic energy consuiop of general illumination 50% or more through SSL, many
innovative and technology breakthroughs are required in manufacturing processes, control systems,
device architectures and constituent materials that are the subject focus of this subtopic [2jo Bhee
tremendous breadth of the materials advancements required throughout the SSL landscape, this broad
subtopic is described in three more narrow categories of novel materials needs or areas of interest. Only
proposals that address these specific matsrelated opportunities will be considered here.

Inorganic Light Emitting Diode (LED) Materials:

Considerable research and materials development have been applied towards overcoming tkieomel|

droop in I#Nitride LightEmitting Diode (LED) efiéricy with longer wavelengths particularly in the green
FYR FYOSNI 61 @St Sy3aidK NBEIAYSADIOBD® hehi S NEFSNINE
advanced the basic understanding of the fundamental mechanisms that dictate efficiency and droop by
sponsaing earlystage research in this area over the past decade. The result has been a more
comprehensive scientific understanding of the fundamental mechanisms but there remains a need for
early-stage R&D to distill this knowledge to advance new and novedtemmaterials and the processes

used to efficiently and cost effectively manufacture them with reduced droop performance and spectral
characteristics suited for general lighting applications.

Another area that has received investment by BTO is-affitiency wavelength conversion materials and
processes commonly referred to as downconverters. While most materials development has been focuse
on production of warmwhite LEDs using existing Yttrium Aluminum Garnet (Ya&)d phosphors, other
promising vavelength conversion materials and process have been developed recently including those
that do not depend on critical materials such as Rare Earth Elements. Other examples include nanocryste
[4] and quantum dots [5] made with a variety of constituentteréls. While promising, many of these
candidate solutions still have challenges with poor thermal stability andumiform performance over

long lifetimes. They also suffer from and high cost to manufacture or incorporate into device designs that
are canpetitive and compatible with LED architectures that are widely used in high brightness lighting
applications today. Thus, there remains a considerable opportunity for government sponsored research i
alternative downconversion solutions that meet the quam yield, thermal stability, spectral

performance, color consistency and optical flux saturation requirements with a new and potentially
simpler manufacturing process.

Organic Light Emitting Diode Materials:

Organic Light Emitting Diode (OLED) effigjaadimited by many factors that require breakthroughs in
constituent materials. Among the most significant materials and manufacturing process related needs are
1) high efficiency yet stable blue emitter materials, 2) high performance electrically dorellayers with
superior visible light transmission properties, and 3) device encapsulating or integrated substrate
materials. Considerable research has already been completed in each of these areas with varying levels
success [4]. Many of these newdinovel materials advancements have been proven in laboratory
experiments but have not met the simultaneous requirements of long lifetime, inexpensive manufacture
and significant performance advancement. Innovative and novel solutions to this signifiegerials and
process challenges are welcome in this area.

An important example of a novel materials need is conductive materials of advanced composition and
design that perform multiple functions such as being highly transparent and electrically conductive. In
contemporary OLEDs, efficient operation depends quesior charge introduction into various photonic
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layers yet whose optical transmission at wavelengths of practical value is simultaneously very high. These
contradictory performance requirements are typically satisfied using Transparent Conducting Oxides
(TCOSs). Indium Tin Oxide (ITO) possessing an In:Sn atomic ratio of about 10:1, is the most common TCC
coating used to manufacture OLED anodes in generic bettprdeposited layer device designs. ITO is not,
however, an ideal anode material for high effiadgrOLEDs [4]. It has: inappropriate work function,

difficulty in creating desired patterns, poor thermal stability, integration and bending on flexible
substrates. It also requires high quality Indium and must be processed at high temperatures. All these
factors limit the higkspeed manufacture of integrated ITO substrates. While considerable research
towards identification of alternative materials or structures for OLED anodes has been completed to date
[4], there appears to be only limited commercial segs. Therefore, in addition to proposed novel and
unproven materials solutions to this challenge, advancement of known alternatives or processes are
welcome in this area.

Optical Materials for High Efficiency Luminaires:

By their very definition, all higefficiency SSL technologies used in buildings must operate best within the
visible portion of the electromagnetic spectrum. This creates special encapsulation or packaging challeng
for both LED and OLED designs. At the device or light engine levehatewals and encapsulation
methodologies must manage the refraction index to improve light extraction from these devices. New
materials or alternative to conventional materials such as silicone composites, glass, or polymers that are
both stable and ingxensive are needed. This area includes the development of new and novel optical
materials or matrices applicable to either LEDs or OLEDs and may be intended for either internal or
external extraction efficiency improvement. Viable candidate approachesmeayporate other

constituent materials such as downconverters for example, along with a proposed optical advancement
that is novel or innovative.

Luminaires intended for use with SSL sources are typically designed based on their older counterparts th:
used a legacy lighting technology such as linear or compact fluorescent lamps. This common practice,
while being easy and inexpensive to implement, has limited the market penetration of efficient luminaires
for a variety of reasons. Arguably, the mosh#igant is the limited availability of inexpensive, lightweight,
and easy to manufacture optical materials that manage either the directional distribution of light from an
LED or the diffuse light produced from an OLED better than the traditional maisadlwith legacy lamp
types. Materials that control light efficiently produced within the luminaire or to create beam profiles
that are more easily and efficiently controlled are needed. Novel materials and optical designs that meet
these performance dilenges at competitive manufacturing costs and complexity are sought under this
subtopic. Viable proposals to this subtopic may include integration of other functionality such as variable
beam profiles, downconverters, or methods used to manufacture them.

Summary:

Irrespective of the technical approach proposed to meet one or more of the above areas of interest, all
successful proposals must demonstrate that the enabling research completed under this effort will
succeed in producing the predicted perfornt@e advancement and reduction of technical risk required to
move to successive stages of research. The proposed Phase | effort should be designed to retire significe
technical risk and make proof of principle of the proposed approach. Phase Il mayueaatidevelop the
approach but the fundamental question of penultimate price and performance of the proposed innovation
should be well documented and clear in the Phase Il proposal. The primarily benefit of the research
proposed under this topic must bdigned with the price and performance goals described in the SSL
Research and Development Plan [2].
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Questions; Contact:Mary Hubbardmary.hubbard@ee.doe.gov

. Automated Point Mapping for Commercial Buildjs

One of the major barriers to the implementation of advanced data analytics (e.g., automated fault
detection and diagnostics or AFDD) and controls software can be the laborious and expensive process of
tagging and mapping individual points that corresgdao sensors, actuators, and controllers located
throughout a building. This long process limits the affordability of emerging analytics engines or software
F LILX AOF A2y a dzy RSNJ RSGSt2LI¥Syd F2NJ 2LIAYATAyYy3 o
programmatic energy savings performance goals achieved through innovations in sensor and control
technologies [1]. These technologies also form a fundamental backbone for optimizing grid services from
buildings in modernizing the grid.

The challenge is pscially pronounced for large commercial buildings due to the large number of points
involved. Assuming one minute for identifying and commissioning each point, for example, should require
833.3 labor hours for a building consisting of 50,000 points ot applications become even more
complex due to inconsistent, mislabeled, or customized labeling of points associated with previously
installed building automation systems (BAS) from different vendors, manufacturers, and installers.
Furthermore, standrdized point names do not include all metadata or descriptive information about a
point (e.g., sensor placement location) necessary for mapping. Manual assignment of semantics or
meaning to distinguish points is also timensuming and subject to errorte®dardized protocols (e.qg.,
BACnet [3], LONWorks) to enable communications and automate the detection and identification process
consistent and harmonized naming conventions, semantic data models, and taxonomies or schema (e.g.,
Project Haystack [4], Bding Information Models, Ontologies) are necessary and in development.
Limitations exist in terms of completeness, including the ability to capture uncertainty [5, 6]. This is being
addressed through techniques to automate the conversion of data frontirxibuildings [7, 8], as well as

the development of a schema that includes an open reference implementation standard for evaluation of
its effectiveness [9, 10]. Solutions are also being developed using machine learning to reduce the manual
mapping proces by automatically inferring names and data through statistical models that exploit

patterns or correlations of points [11, 12, 13, 14, 15].

Leveraging these advancements, BTO is specifically interested in the development of innovative, early
stage algathmic solutions to remaining technical issues for point identification that are not being
currently addressed in the approaches described, such as identification of errors in existing/new point
names, identification of physical location of points, angt ather issues not mentioned above. These
solutions should leverage and complement industriven protocols, as well as taxonomies and schema
under development to the best extent possible. Algorithms developed in Phase | should include proof of
concept alidation that can be transitioned into a field testing and validation in Phase Il that can inform
development of commercialized product through foll@m private sector investment.

Questiong; Contact:Marina Sofosmarina.sofos@ee.doe.gov

. R&D to Augment Building Energy Modeling

BTO is seeking proposals for methods and tools that complement viduilging energy modeling and
leverages it, its inputs, outputs or both to drive complementary analyses enveisa. Wholduilding

energy modeling is just one method for informing building energy efficiency projects. Others include life
cycle analysis, daylighting, indoor and outdoor environmental quality and thermal comfort, urban
microclimate, cost, water useesiliency, and others. These models often leverage data that is available for
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¢ or produced by whole-building energy analysis. Some can, in turn, inform or enhance wholeing
energy modeling.

The expected output of a successful Phase | progeatgroof of concept of a new or enhanced modeling
capability that is relevant to building projects. Applicants are encouraged to identify a small group of
relevant partners to help provide feedback and demonstrate the utility and relevance of the madeling
Successful Phase | projects should be ready to apply for Phase Il awards that enable validation of the
modeling approaches developed in Phase I.

Proposals may use opaource BT@unded tools such as EnergyPlus and OpenStindibare not

required to do so. Proposals may also leverage-&in@ed data repositories such as the Building
Performance Database (BPD) and the Standard Energy Efficiency Platform (SEED), but are not required
do so. Where applicable, proposals are am@aged to use open data exchange schema such as
BuildingSync, HPXML, and CityGML.

Questions; Contact: Harry Bergmanharry.bergmann@ee.doe.gov

e. Data Fusion for Building Technology Projects
BTO is seekgproposals that use new and emerging data fusion and data science techniques to advance
the state of the art for datalriven building technology projects at either the individual building or building
stock scale. In addition to energyficiency, proposal may also address areas that are of more recent
interest to BTO, including demand reduction and flexibility, critical water issues, and resiliency.

The expected output of a successful Phase | project is a proof of concept of new and emerging data scier
techniques which are relevant to building technology research projects. Successful Phase | projects shoul
be ready to apply for Phase Il awards that will focus on the testing and validation of the data science
approaches developed in Phase I.

Data standrdization is one of many barriers to the effective testing and validation of advanced building
technologies. Lack of standardization makes it difficult to aggregate multiplesgésethat provide similar
information about different sets of buildings intosingle larger set that can support more robust analysis.
a2NB aA3ayATFAOl yift @ :-seksihatipid®@difgrantinfantatiad dbduytkie sane seR |
of buildings to enable more advanced research. Relevant standards and schema inclUehqtinee

Building Identifier (UBID), the BEDES data dictionary, CityGML, EnergyADE, GreenButton, BuildingSync,
Home Performance XML. Software infrastructure includes the Building Performance Database (BPD), the
Standard Energy Efficiency Data (SEE@){l@Audit Template.

Questionsg; Contact: Harry Bergmanharry.bergmann@ee.doe.gov
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¢KS CdzSt / Sftf ¢SOKy2ft23ASa hFFAOS 6C/ ¢h0 wmb
Energy Efficiency and Renewable Energy (EERElmorThe central mission of FCTO is to stimulate the US
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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 througlstagdy

research and technology development. To achieve this goal, FCTO invests-stagg)ynnovative

technologies that show promise in harnessing American energy resources safely and efficiently. Fuel cells ca
address our critical energy challengesall sectors commercial, residential, industrial, and transportation.

Fuel cell electric vehicles (FCEVSs) using hydrogen can achieve significantly higher efficiencies than combust
engines resulting in overall less energy use. Hydrogen can be prbfiace diverse domestic resources, such

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 aigso se
stationary applicatiorg i.e. providing responsive batkp power and other electric and fuel distribution

services improving energy security and reliability. Thus, fuel cell and hydrogen technologies enable Americar
energy dominance by safely and eifiatly 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 substantia
commercial and government interest wdwide due to the superior efficiencies, reductions in petroleum
consumption, and reductions in criteria pollutants possible with fuel cells. Recent analyses project that, if DO
cost targets for FCEVs are met, US petroleum consumption can be reduceer lmpewmillion barrels per day.
FCEVs reduce petroleum consumption by about 95% in comparison to conventional light duty vehicles when
the hydrogen is produced from natural gas [2]. The areas identified in this topic will enable progress toward
commercialzing light duty FCEVs.

Grant applications are sought in the following subtopics. 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 milesttrasiemonstrate 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 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 exseriah data.
a. Fuel Cell Membranes and lonomers
Polymer electrolyte membrane (PEM) fuel cells are a leading candidate to power zero emission vehicles,
with several major automakers already in the early stages of commercializing fuel cell vehicles powered b
PEM fuel cells. PEM fuel cells are also of interest for stationary power applications, including primary
power, backup power, and combined heat and power. Commercial PEM technology typically is based on
perfluorosulfonic acid (PFSA) ionomers, but thesemear materials are expensive, particularly at the low
@2t dzySa OGKIFIG gAff 0S YySSRSR F2NJAYAGAFE O2YYSNIL
KERNROINDP2Y YSYONIySaz NBLINBaSyid | ft2¢SNmoz2aid |
improvenont C{ ! Qa NBf I GAGSte& 26 LISNF2NXIYyOS | YR RdzN

Development of novel hydrocarbon and other ionomers, includingiBB8A PEMs suitable for application
in fuel cells is solicited through this subtopic. Novel PEMs developed through this sigtopid have all
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properties and characteristics required for application in PEM fuel cells for transportation applications,
including:

High proton conductivity in a range of temperature and humidity conditions;

Good film forming properties enabling formagio 2 F G KAY o6f mMn >YO dzy A T2
Low swelling and low solubility in liquid water;

Low creep under a range of stress, temperature, and humidity conditions;

Low permeability to gases including H2, O2, and N2;

Chemical and mechanical durability suffidiém pass the accelerated stress tests.

= =4 -8 4 A8 -9

The goal of any proposed work under this subtopic should be to produce a PEM using an affordable and
durable ionomer that can meet or exceed all of the 2020 technical targets simultaneously in the table
below. PEM$ OKy 2f 238 LINPLI2ASR F2NJ 6KAA&A adzod2LIAO0 aKzdz
include reinforcements or other additives.

Membrane samples should be tested at an independent laboratory at the end of each phase. Phase |
should include measurement ohemical and physical properties to demonstrate feasibility of
concurrently meeting or exceeding the targets below related to these parameters, while Phase Il should
address long term durability and development of manufacturing processes to meet the ogestista

Technical Targets: Fuel Cell Membranes for Transportation Applications Excerpted from [1]

Maximum oxygen crossover mA / cm2 2
Maximum hydrogen crossover mA / cm2 2
Area specific proton resistance at:
MaX|mum.operat|ng temperature ang Ohm cm?2 0.02
water partial pressures from 480
kPa
80°C and water partial pressures fro Ohm cm2 0.02
25¢45 kPa
30°C and water partial pressures up Ohm cm2 0.03
4 kPa
20°C Ohm cm2 0.2
Maximumoperating temperature °C 120
Minimum electrical resistance Ohm cm2 1,000
Cost $/m2 20
Durability
Cycles until >15
Mechanical mA/cm2 H2 20,000
crossover
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Hours until >15
Chemical mA/cm2 crossover | >500
or >20% loss in OC
Cycles until >15

Combinedchemical/mechanical mA/cm2 crossover| 20,000
or >20% loss in OC

Questions; Contact: Donna H&Qonna.Ho@ee.doe.gov

. Nozzles for HigiPressure, Lowlemperature Gas Fills

The cost and reliabilitgf nozzles for dispensing of hydrogen into light duty fuel cell vehicles is currently a
critical barrier to the viability of hydrogen infrastructure. Hydrogen dispensers currently account for 35%
of unscheduled maintenance events at stations, and defsagvs are one of the most common causes of
nozzles losing functionality [1]. Innovations in manufacturing techniques for nozzles could reduce their
capital costs, improve the reliability of fueling stations, reduce leakage of hydrogen, and ensure domestic
leadership in the emerging area of hydrogen infrastructure. Domestic stakeholders in related industries,
such as suppliers of compressed natural gas (CNG) components, may be particulgrbsitietied to

leverage existing technologies in R&D on hydrofgeting.

Proposals are sought for the development of hydrogen fueling nozzles for use dahrogighput stations
(80% utilization) for lightluty vehicles, using filling methods compliant with the Society of Automotive
Engineers (SAE) J2601 fueling protocol [@kZs should be capable of incorporating statiosvehicle
communications technologies that are currently in use (e.g. infrared communication between the vehicle
and the fueling station), or being considered for use in future stations (e.g. wirelesswtoation).

Phase | of the proposed work may include evaluation of advanced materials, manufacturing techniques
(e.g. additive manufacturing), or designs for nozzles, along with eéklattion of one concept for further
evaluation. Phase Il may includeveglopment of a nozzle prototype, experimental verification of

prototype performance, and techreconomic analysis of nozzle cost. Nozzle concepts proposed must
target: 1) hydrogen fills per flow rates, temperatures, and pressures specified in the SABdR0OCol, 2)

a service life of at least 25,550 fills/year for 10 years, and 3) a capital cost of $7,000 or less for nozzles, n
including the cost of communications components.

Questions; Contact:Neha RustaghNeha.Rustagi@ee.doe.gov

. Active Low Cost Thin Film Hydrogen Sensors

Hydrogen gas is used in a variety of sectors today (e.g. oil refining, coal power plants, fueling stations for
fuel cell vehicles), and safe operation requires the ability to rapidly detect and contain leaks. Approaches
currently used for leak detection@tude monitoring of drops in pressure, along with use of thin films with
chemical indicators that change color in the presence of hydrogen. While current technologies can detect
leaks from point sources (e.g. due to fittings or failure of seals), mostatso autonomously

communicate, in rapid dynamic response times, with a facility to notify its operator of the leak.
Additionally, their performance is challenged in outdoor environments, where heightened sensitivity is
required due to the potential fonydrogen to diffuse widely.

This subtopic seeks R&D on enabling viable leak detection technologies including integration with

communications technologies that notify a system operator when a leak occurs. Phase | funding is for

proof-of-concept R&D andesting of communications concepts (e.g. radio frequency identification

distributed networks) that may be integrated with existing leak detectors. Phase Il funding would enhance
50


mailto:Donna.Ho@ee.doe.gov
mailto:Neha.Rustagi@ee.doe.gov

Return to Table of Contents

the sensitivity of the leak detection technologies to improve their performanamitdoor environments
while meeting affordability targets. Concepts proposed should be resilient when exposed to high
concentrations of hydrogen, compatible with a large assortment of operating systems, and capable of
communication with a facility withi sub seconds.

Questiong; Contact: Laura HilLaura.hill@ee.doe.gov

. Smart Sensors for Structural Health Monitoring (SHM) of Composite Overwrapped Pressure Vessels
(COPVs) of Ghoard Hydrogen Storage for EuCell Electric Vehicles (FCEVS)

Fuel Cell Electric Vehicles (FCEVs) are now commercially available in certain parts of the U.S. and aroun
the world with many meeting the initial DOE goal of a 300 mile driving range using carbon fiber composite
overwrapped pressure vessels (COPV) rated for 700 bar compressed hydrogen service. [1] In addition,
there are now approximately 35 retail hydrogen refueling stations open to the public in California with
several more expected to come online soon. [2]

To harness Arrican energy resources safely and efficiently and to improve the safety of thgphegbure
COPVs, there is interest in developing health monitoring sensors that can provideneahdication of
potential damage or degradation of the composite overpgaReatime sensors could also eventually lead
to reduction in the manufacturing overdesign of the COPVs and thus lower overall cost. Damage to the
composite overwraps can result from pressure loads over time, environmental induced degradation in
operation, and accidental mechanical impacts. COPVs can be subjected to a broad range of damage
mechanisms, either usual (e.g., cycling) or accidental (e.g., car accident, fall or impact during transport,
handling, installation, etc.). Potential damage mechanisarsinclude fiber breakage, delamination and
matrix cracking. R&D is needed to improve characterization of COPV damage resulting from a mechanice
impact (e.g. from a projectile or drop), its evolution under typicaenvice loadings (monotonic
pressurzation, filling/emptying cycles, etc.), and the corresponding loss of performance. This is partially
due to there being only a few studies addressing the consequence of impact on the residual lifetime of
composite materials obtained by filament winding alddition a surface impact could create damage in the
thickness of the composite and can even damage the liner. [3] Such sensors could also be utilized for
COPVs used in other applications, such as onboard compressed natural gas (CNG) vehicles and self
contained breathing apparatuses (SCBA) used by first responders.

To ensure of the structural health of the COPVs to prevent unexpected failure, online monitoring of the
tank would be of value. Applications are sought to perform early stage research, deesibpnd
demonstration (RD&D) of techniques/instruments/technologies that can monitor vital aspect of COPVs.
The monitoring needs to be imbedded/integrated into the COPV and can monitor COPV features passive
actively.

Some potential areas of interestsclude, but are not limited to:

1 NonDestructive Evaluation (NDE) techniques for continuously monitoring structural health for

improved fatigue life, stress rupture, and damage tolerance.

1 Gauges for sensing and recording/reporting abnormalities in stetssn, localized pressure and
temperature rise, cycle counting, and scheduled maintenance.
Sensors for detecting permeation, leakage, pressure decay, humidity, and localized heat transfer.
Massive data collection effort through network connected SHM sent drive reduction in
statutory overdesign (e.g. reduce safety factor and/or necessary manufacturing overdesign).

= =

Questiong; Contact:Bahman Habibzadebahman.habibzadeh@ee.doe.gov
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Innovative Concepts for Hydrogen Conversion to Liquid Hydrocarbon Fuels
Applications are sought for innovative catalyst and reactor designs for synthesis of liquid hydrocarbons
from captured CO2 and hydrogen produced from renewable energy sources.

One promising pdiway for utilization of stranded renewable energy resources is synthesis of renewable
liquid hydrocarbon fuels from captured CO2 and H2 produced through water splitting utilizing renewable
energy. These liquid hydrocarbons are compatible with the exiftielgnfrastructure and can provide

means for inexpensive transportation, storage, and distribution of renewable energy, ultimately creating a
sustainable carbon cycle for energy production and utilization.

Several commercial processes can produce liQuatocarbons from coal or natural gas, (e.g. Fischer
Tropsch, Methanol, DME synthesis) by first converting the fuel into syngas (a mixture of CO and H2)
followed by liquid hydrocarbon synthesis step. Presently, these processes are generally carriddrget in
scale reactors under continuous operating conditions. Several important modifications to the existing
processes will need to be implemented in order to make them compatible with liquid hydrocarbon
production from captured CO2 and renewable H2 andpded to utilizing renewable energy sources.

Firstly, the processes and catalysts have to be modified to operate with CO2 instead of CO in the feed.
Conversion of CO2 into CO in a reverse W&asShift (RWGS) process is one option. Direct synthesis

from CO2 and H2 is another, more direct approach. Secondly, the hydrocarbon synthesis processes have
be adapted to operation with inherently intermittent and distributed renewable energy sources, such as
wind or solar. This will require operating smal@oduction units that are capable of frequent start/stop

and production ramping up and down [1, 2, 3].

Questiong; Contact: Eric Millereric.miller@ee.doe.gov
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11. GEOTHERMAL

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

Geothermal energy is secure, reliable, flexible, and consta®t2ity 1 A ydzSa G2 06S 2yS 27
for low-cost renewable energy in power generation and in dines¢ applications for heating and cooling of
American homes and businesses. The Geothermal Technologies Office (GTO) focuses on applied research,
development, and innovations that will improve the competitiveness of geothermal energy and support the
continued expansion of the geothermal industry across the US [1]. Currently, the U.S. has 3.8 gigawatts
electric (GWe) of installed geothermal capacityjle advances in technologies such as Enhanced Geothermal
Systems (EGS) could enable access and deployment of more than 100 GWe of new geothermal capacity.
| 2yaAaidSyld sA0GK GKS FTRYAYAAOINI GA2YyQa wg5 InNdtid NR
early-stage, innovative technologies that show promise in harnessing new domestic geothermal resources th:
provide clean, affordable, and reliable energy. Because deploying additional baseload geothermal energy wil
contribute to grid reliabity and resilience as well as national security, this topic supports the Acting Assistant
{ SONBGFNE F2NJ 99w9Q&a IAINAR AYyUSANIGA2Y LINA2NAGE P
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A Phase | application should focus on proof of concept and bench scale testing that are scalable to a
subsequent Phask prototype development. Applications must be responsive to the following subtopic. Any
application outside of this area will not be considered.

Applications must:
1 Propose a tightly structured program which includes technical milestones that demansteir
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.
roadmap targets and/or state of the art products or practices);
1 Explicitly and thorouglyldifferentiate 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.
Grant appications are sought in the following subtopic:

a. Improved Downhole Telemetry for Geothermal Drilling
In this topic, GTO solicits innovative research and development projects to enable improved downhole
telemetry for geothermal drilling operations. Drilliogerations can be up to 50% of the cost of the
development for a geothermal project [2]. Improving downhole telemetry during drilling can reducing
drilling costs and risks that would help spur the geothermal industry to expand capacity in theermaar
TS LYGSNYFGA2YyFE 1ad20AF0A2y 2F S5NAtEAY3I /2y iNT
reaktime (while drilling) from an instrument located near the bottom of the drill string to a receiving
monitor on the surface (a surfadel | R 23{izEnakding cealime data transfer from tools and sensors in
the bottom-hole assembly (BHA) to the drill operator can lead to improved rates of penetration (ROP),
reduced nonrdrilling time (NDT), and increased safety through-teak wellbore stabilitynonitoring.
Additionally, a better understanding of well depth and location and increased control for directional
drilling could lead to reduced operational and stimulation costs. Current practices for downhole telemetry
include wireline embedded within ghdrillpipe, electromagnetic (EM) signals passed through the
formation, acoustic signals carried overthe ek LIS Yy R a2y A0 aA3aylfta OFN
Lzt aSd¢ hT GKSAS 2LIA2yaz o ANBE AY SoustiSdnSBAthavdE A 3
limitations on bit transmission rates and data quality [4]. Additionally, geothermal wells can be drilled
gAOK2dzG I RNAfEfAYy3a FEtdzAR 60OFfftSR aF AN RNAEEAYy3AE
is seeking innoweons that go beyond these current practices seeking to improving bit transmission rate,
reducing signal attenuation, and/or reducing costs by at least 25% over currervosttite-art. Responses
to this topic must address downhole telemetry issues spetif geothermal drilling, which can include,
but are not limited to: higher temperatures (>250°C), drilling through crystalline formations with little to
no porosity, and air drilling.

While the high temperatures in geothermal wells often cause issusstandard electronics associated
with downhole telemetry, this topic is not seeking innovations solely into new-teigtperature

electronics. Novel widbandgap semiconductors may only be proposed as a component to an otherwise
innovative downhole telmetry system, not as the proposed innovation.
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This topic is solely focused on downhole telemetry during geothermal drilling operations; innovation into
other types of telemetry (such as long term well monitoring, fiber optic cables embedded in wellbores,
etc.) will be deemed not responsive.

Questions; Contact: Joshua Mengeligshua.mengers@ee.doe.gov

References:
1. Geothermal Technologies Office, U. S. Department of Enletipg.//enerqy.gov/eere/geothermal

2. Tester, J. W., Livesay, B., AnderdnJ., Moore, M. C., et al, 2006, The Future of Geothermal Energy:
Impact of Enhanced Geothermal Systems (EGS) on the United States in the 21st Century,
Massachusetts Institute of Technology, p. 372.
https://www1.eere.energy.gov/geothermal/pdfs/future _geo energy.pdf

3. Downhole telemetry, IADQ@ttp://drillingmatters.iadc.org/glossary/downhol¢elemetry/

4. Almeida Jr., I. N., Antunes, P. D., Gonzalez, F. O. C., et al, 2015, A Review of Telemetry Data
Transmission in Unconventional Petroleum Environments Focused on Information Density and
Reliability, Journal of Software Engineering and Applicatdoks,8, p. 455162.
https://file.scirp.org/pdf/JSEA 2015090414401392.pdf

12.SOLAR
Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phasepphfications: YES Accepting STTR Phase | Applications: YES

The Solar Energy Technologies Office (SETO) [1] is the primary office within the U.S. Department of Energy
(DOE) that funds innovations in solar power. The office is housed within the Office of Energy Efficiency and
Renewable Energy (EERE). SETO suppolystage research and development to improve the affordability,
reliability, and performance of solar technologies on the grid. The office invests in innovative research efforts
that securely integrate more solar energy into the grid, enhance the usatanage of solar energy, and

lower solar electricity costs.

In September 2017 the office announced that its goal to make solar electricity costs competitive with other
generation sources by 2020, without subsidies, had been met three years ahead addlectoe utility-scale
photovoltaic solar systems [2]. The office will continue to work to lower the cost of solar (photovoltaics and
concentrated solar power) energy and has established a goal to halve the cost of solar energy by 2030 [3].
With the dramaic reduction in the cost of solar, installations have soared, creating new challenges and
opportunities for the electricity grid. To account for these changing needs, the office is also focusing on solar
energy research and development efforts thatheliRadB da G KS ylFGA2yQa ONRGAOI
reliability, resilience, and affordability.

Within this Funding Opportunity Announcement, SETO is releasing this Topic and joining the EERE Advance
al ydzFl OGdzNAy 3 hFFAOS AnyfovalidhfinSdlaa oyl mardifacylling gratéskeOandr n
G§SOKy2f23ASadé

Applications may be submitted to any one of the subtopics listed below but all applications must:
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1 Propose a tightly structured program which includes technical and business mileshaes t
demonstrate clear progress, are aggressive but achievable, and are quantitative;

Include projections for price and/or performance improvements that are referenced to a benchmark;
Explicitly and thoroughly differentiate the proposed innovation with o existing commercially
available products or solutions;

Include a preliminary cost analysis;

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

= =

T
T

In this Topic, SETO seeks applications for the developafiemiovative and impactful technologies in the
subtopics of:

a. TECHNOLOGY TRANSFER OPPORTUNHTYmRe&zries Resistance Monitoring in Photovoltaic
Systems
Sun Open Circuit Voltage (Stwac) analysis provides a method to probe the hypothetssiies
resistance free, currentoltage (V) curve of a photovoltaic device. While historically S¥ios has been
used for the analysis of photovoltaic cells under controlled laboratory conditions, recent work at NREL ha:
extended the Sun¥oc methodologyo develop automated Redl A YS { SNA Sa wSaAraidly
Y2YAU2NARY3I OFLIO0ATAGASE FT2NI LK20G202F G A0 Y2 Rdz S
passively detect common failure modes found in installed modules, including broken ribbortsstader
bonds, or improperly joined junction/combiner box connections in modules and systems all under normal
outdoor operation, by analysis of current and voltage information taken from the inverter. Early detection
of these failure modes is critical feolar O&M providers in order to reduce potential fire risk, as well as to
identify degraded, improperly installed, or otherwise underperforming modules in need of replacement.
NREL is currently looking for partners to develop hardware and software rdtatad improved Sun¥oc
techniques for commercial applications.

National Renewable Energy Laboratory Information:

Licensing Information: National Renewable Energy Laboratory

Contact: Bill Hadley; bill.hadley@nrel.gov; (303) 275 3015

License type: Noixclusive

Patent Status: U.S. Patent Application Serial No. 15/564,357

Publication date:

Filing date:

http://appftl.uspto.gov/netacgi/nph
Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=/netahtml/PTO/srchnum.html|&r=1&f=G&I|=50&s]
0180131322.PGNR

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

b. TECHNOLOGYRANSFER OPPORTUNITY: PV Module Soiling Spectral Deposition Detector
Accumulation of dust, particles, and dirt on the surface of photovoltaic modules can cause a reduction in
the intensity of light transmitted through the module cover and therefore indingount of energy
generated. Recent studies have shown that total power losses in Europe and the U.S. approach 7%
annually due to soiling and are much worse (up to 70%) in other parts of the world. This has significant
impact on the solar market; a flat 486iling loss affecting all PV capacity worldwide has been estimated to
result in potentially over $1 Billion in lost revenue annually. While PV modules can be cleaned,-the one
time cost for doing so is quite expensive: between $MZD per module (or $800 for a 10 MW system).
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Thus, it is important to monitor soiling in order to plan for the most accurate cleaning schedule of a
system; while uncleaned modules result in unnecessary revenue loss due to diminished energy generatio
the cost of cleaning naules can be prohibitively expensive if ineffectively performed. There exists a need
to determine the exact level of soiling present in an installed PV system so as to make educated decision:
about when cleaning of the system is required. NREL has dewkopsototype device which can detect

the amount of soiling present throughout an installed PV system and correlate that soiling level with lost
power generation. In this way, informed decisions about how and when to clean installed modules can be
made. NIEL is currently looking for a partner to perform continued fiegdsts and optimization of the

device in various reatorld scenarios, environments, and weather conditions.

National Renewable Energy Laboratory Information:

Licensing Information: Nation&enewable Energy Laboratory

Contact: Bill Hadley; bill.hadley@nrel.gov; (303) 275 3015

License type: Noixclusive

Patent Status: U.S. Patent Application Serial Nos. 62/652,955 & 62/690,086
Publication date:

Filing date:

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

Storage Technologies to Enable L@wst Dispatchable Solar Photovoltaic Generation

One of the priorities of the SETO office is to support estdge, innovative solar technologies that show
promise in harnessing American energy resources safely and efficiently. In this topic, we are interested in
exploring approaches that can provide opportunities for energy storage that is well suited to integration
with solar photovoltaic technology or optizing energy use. SETO plans include collaboration with the
Pd{d 5SLINIYSYyld 2F 9ySNHE@Qad hFFAOS 2F 9f SOUGNROA

As solar electricity costs continue to decrease, the percentage of solar photovoltaiatienéboth from
distributed and utilityscale systems) in the US increases. This opens up new challenges and opportunities
for the development of novel technologies that can enable-tmst dispatchable solar PV generation that
enables increased integrat and operation flexibility and allow solar electricity to be better matched to
demand.

In this subtopic, SETO is seeking innovative storage technologies that couldooated with solar
photovoltaic systems and are fully compatible with the charasts of the typical output of a solar
inverter (mediumlow voltage, variable generation). Technologies proposed should leverage attributes
specific to solar photovoltaic generation technologies while addressing current integration gaps and
challenges. SO is especially interested in novel thermal, mechanical or chemical storage technologies
that can demonstrate clear nemcremental differentiation from the current state of the art.

Applications must include a basic cosbdel analysis showing a path be costcompetitive with current
state of the art, and with the potential to increase the utilization of solar photovoltaic generation in the
grid. Storage functionalities at any time scale will be considered (minutes, hours, days, seasonal). The
applicdion should clearly discuss which energy value stream this technology will target, if successful.

Applications will be considered naesponsive and declined without external merit review if they describe
a softwareonly solution or a solution based omisting battery technologies or if the technology is aimed
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at selfconsumption optimization or the application does not demonstrate a clear innovation compared to
current the state of the art.

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

. Hardened Solar System Design and Operation for Recovery from Extreme Events

One of the priorities of the SETO office is to enhance the ability of solar energy technologies to contribute
to grid reliability and resilience as welk national security, including but not limited to security and
resilience of the Nation and its critical infrastructure.

Infrastructure systems, including the electrical grid and solar generation assets (both photovoltaic and
concentrating solar poweire vulnerable to extreme weather and other disruptive events. Increased
asset resilience presents opportunities to maximize operability, energy availability (along with
communications, water, etc.), and to minimize restoration costs following these i@rmes.

In this subtopic, SETO is seeking innovative proposals to improve the ability of solar assets and systems 1
quickly recover in response to extreme events. Proposals may address specific component or system
designs that passively (such as moreisturally robust designs or configurations) or actively (such as

F NNJ @k NI O1SNJ aii2g aidNIGS3IASE 2N aKI NRSYSR¢ 02
minimize cost associated with extreme events.

Applications must include a basic cosbdel analysis showing the cost/benefit of the proposed solution in
comparison to current state of the art. Applications should also identify a possible case use by defining th
time to recover the system fully functionalities, and provide substantiated estinfatale capabilities of

the proposed approach.

Targets and metrics for hardened solar system performance could include (but are not limited to):
1 Percent of system operable after extreme event (applications should specify type and intensity);
1 Survivabiliy at extreme wind loads (> 125 mph) is of particular interest;
1 Time to full system operability after extreme event (restoration time);
1 Reduction in system restoration cost following extreme event;
1 Level of functionality without grid support followirextreme event (islanding).
Applications will be considered naesponsive and declined without external merit review if the
application does not demonstrate clear innovation compared to current the state of the art, particularly in
regard to microgrid anr islanding behaviors.

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

. Rural Solar

One of the goals of the SBIR/STTR programs is to encourage the participation of socially and economical
disadvantaged persoris technology innovation with increasing geographic diversity of grant funding.

Small and mediunscale (norutility) solar systems are mostly deployed in urban residential or commercial
and industrial settings (we will refer to them as traditional locasiavithin this subtopic). In this subtopic,
SETO is seeking the development of solar photovoltaic products or system designs to enable and increas
use of nontraditional installation locations when deploying small and meds&oale solar photovoltaic
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technologies. Such technological solutions could enable rural or economically challenged home or busine:
owners, as well as small land holders to participate in the American solar economy and receive the
associated benefits [1]. Proposed solutions should pl@yiarticular attention to safety. In addition,

solutions should be designed for flexible deployment on a variety of terrains or building types. SETO is
particularly interested in technology innovation that would enable installation of solar systems on
agficultural or multiuse land, including solutions that allow for complementary land use/value streams in a
synergistic manner.

Applications should always identify possible gsse(s) and provide substantiated estimates for the
capabilities of their propasd system or technology. In addition, the Applications should demonstrate that
the proposed technology is cost competitive (compared to other sources of electricity) in these non
traditional locations. In their commercialization plans, Applicants shoaldade their strategy to enter

new and potentially difficult markets outside of the areas that have seen significant solar deployments
over the past 10 years.

Applications will be considered naesponsive and declined without external merit review if witbne of
these areas:
1 Undifferentiated products, incremental advances or duplicative products;
1 Applications focusing exclusively on HVAC or water heating applications;
1 Products or solutions for systems which do not tie to the electric grid (i.e. whoiyriof
applications, portable power, solar fuel);
1 Softwareonly solutions.

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

Affordability, Reliability, and Performance of Solar Technologies on the Grid

Fueling Amdca's energy portfolio requires access to domestic sources of clean, affordable, and reliable
energy. Unleashing these abundant energy resources will require investment hye@station energy
technologies to efficiently convert them into useful energywices.

In 2017, solar power generated almost 1.5% of the total annual electricity supply in the United States, anc
the Energy Information Administration projects that solar will grow to 5% of US electricity by 2030 [1].
Further, if the price of solarlectricity and/or energy storage declines more rapidly than projected, that
percentage could be even higher. But solar is more than just a source of affordable electricity; it also
provides the potential to improve grid reliability and resilience, increasployment, create business
opportunities, increase energy diversity, expand domestic manufacturing, and provide environmental
benefits.

In this subtopic, SETO is seeking integrated solutions that can advance solar energy technologies by
loweringcostoH 8 G KAE S FlLOATAGIGAY3I GKS &aSOdzZNBE Ay dSaNt
fall within one of these areas:

Advanced Solar Systems Integration Technologies: responsive applications would advance the prediction
monitoring, and controbf solar power production and distribution and the capabilities of solar power
electronics;

Concentrating Solar Thermal Power technologies: responsive applications would develop technologies th:
focus sunlight to generate and store hitgmperature heat ér electricity generation and other end uses;
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Photovoltaic technologies: responsive applications would improve photovoltaic system reliability, annual
energy Yyield, reduce suppbhain capital expense, demonstrate performance of novel photovoltaic
materiak and components, and develop new photovoltaic materials.

SETO is particularly interested in applications developing:

T

= =

Technologies which can reduce the manufacturing costs of solar energy system components or su
components to boost domestic energy manciiaring and increase U.S. manufacturing
competiveness;

Technologies which enhance the ability of solar energy systems to contribute to grid reliability,
resiliency and security;

Development and publication of replicable system designs for configuratiasdtuld be installed
across comparable sites (e.g. homes or commercial buildings with similar roofing)

Designs for photovoltaic modules and system configurations that anticipate updates in codes or
safety requirements;

Technologies to improve recyclabjliof photovoltaic materials and components;

Technologies / solutions that reduce the balance of system component of the cost of a photovoltaic
system.

Applications must include a clear assessment of the state of the art and how the proposed technology
would represent a significant improvement, along with a basic-costlel analysis showing a path to
becoming costompetitive with current state of the art and the potential to increase the utilization of
solar generation in the grid.

Applications will be awsidered noAresponsive and declined without external merit review if within one of
these areas:

l

1
1

= =
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Applications for proposed technologies that are not based on sound scientific principles (e.qg.,
violates the laws of thermodynamics);

Applications that fall imny of the other subtopics listed in this funding opportunity announcement;
Business plans or proeéd-concept that do not include documentation supporting the necessity or
benefit of the plan or concept. Competitive approaches in this application sefgshenld be

clearly defined in the application;

Undifferentiated products, incremental advances or duplicative products;

Projects lacking substantial impact from federal funds. This subtopic intends to fund projects where
federal funds will provide a cleand measurable impact, (e.g. retiring risk sufficiently for folmw
investment or catalyzing development.) Projects that have sufficient monies and resources to be
executed regardless of federal funds are not of interest;

Applications focusing excluslyeon HVAC or water heating applications;

Products or solutions for systems which do not tie to the electric grid (i.e. wholbyridff

applications, portable power, solar fuel);

Software to facilitate system design or system monitoring;

Any software solubn to improve customer acquisition processes.

This subtopic seeks to assist independent small businesses which can fully support themselves, continue
grow, and successfully bring a new technology into the market. This opportunity is not intended for
creating a product, organization, service, or other entity or item which requires continued government
support. This subtopic does not intend to fund work that has already received federal support for similar
technology at the same technology readiness leve
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Questiong; Contact:solar.sbir@ee.doe.gov

References:
1. Solar Energy Technologies Office, U. S. Department of Ehéyag:/enerqgy.gov/solaroffice

2. Energy Department Announces Achievement of SunShot Goal, New Focus for the Solar Energy Office
U. S. Department of Energyttps://www.enerqy.gov/articles/energydepartmentannounces
achievementsunshotgoaktnew-focussolarenergyoffice

3. Solar Energy Technologies Office, Goals of the Solar Energy Technologies Office, U. S. Department c
Energyhttps://www.energy.gov/eere/solar/goalsolarenergytechnologiesoffice

References: Subtopic c:
1. Office of Electricity, U. S. Department of Enetdips://www.energy.gov/oe/officeelectricity

References: Subtopic e:
1. Cooperative Solar: Driven by Cooperative Principles, NRECA.
https://www.cooperative.com/content/public/maps/esfsolarstory-map/index.html

References: Subtopic f:
1. U. S. Energy Information Administration, 2017, International Energy Outlook 2017, U.S. Department o
Energy, DOE/EI®484 (2017) https://www.eia.gov/outlooks/ieo/pdf/0484(2017).pdf

2. Cole, W., Frew, B., Gagnon, P., Richards, J., et al, 2017, SunShot 2030 for Photovoltaics (PV):
Envisioning a Lowost PV Futre, National Renewable Energy Laboratory, p. 69.
https://www.nrel.gov/docs/fy170sti/68105.pdf

13.VEHICLES
Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

Last year, vehicles transported 11 billion tons of freight, more than $32 billion worth of goods each day, and
moved people more than 3 trillion vehietriles. The U.S. Dagment of Energy's Vehicle Technologies Office
(VTO) provides low cost, secure, and clean energy technologies to move people and goods across America.
VTO littps://www.energy.gov/eere/vehicles/vehicléechnologiesoffice) [1] focuses on reducing the cost and
improving the performance of vehicle technologies including advanced batteries, electric traction drive
systems, lightweight materials, advanced combustion engines, avahadd fuels and lubricants. VTO

supports the development and deployment of advanced vehicle technologies, including advances in electric
vehicles, engine efficiency, and lightweight materials. Since 2008, the Department of Energy has helped
reduced the csts of producing electric vehicle batteries by more than 75%. DOE has also pioneered improvec
combustion engines that have saved billions of gallons of petroleum fuel, while making diesel vehicles as cle:
as gasolindueled vehicles.

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, and are quantitative
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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 the proposed inntga with respect to existing commercially

available products or solutions;

Include a preliminary cost analysis;

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

Applications that duplicate research alreadyprogress will not be funded; all submissions therefore

should clearly explain how the proposed work differs from other work in the field.

= =4 -4

Grant applications are sought in the following subtopics:

a. Electric Drive Vehicle Batteries
Applications are souglto develop electrochemical energy storage technologies that support
commercialization of micro, mild, and full HEVs, PHEVs, and EVs. Some specific improvements of interes
include the following: new loveost materials; alternatives or recycling technoésgof energy storage
critical materials defined ahttps://www.energy.gov/policy/initiatives/departmenenergys-critical
materialsstrategy[1]; high voltage and high temperature nararbonate electrolytes; improvements in
manufacturing processesspecifically the production of mixed metal oxide cathode materials through the
elimination or optimization of the calcination step to reduce cost and owprthroughput, 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 improved
safety. Applications mst clearly demonstrate how they advance the current state of the art and meet the
relevant performance metrics listed atww.uscar.org/quest/article view.php?articles id=f25.

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 US Advanced Battery
Consortium (USABC). These test procedures can be found at

www.uscar.org/guest/article view.php?articles id=f3. Phase | feasibility studies must be evaluated in

full cells (not hakcells) greater than 200mAh in size while Phase lIineldgies should be demonstrated in

full cells greater than 2Ah. Applications will be deemed-responsive if the proposed technology is high
cost; requires substantial infrastructure investments or industry standardization to be commercially viable;
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 applications already reviewks tyear will not be funded; therefore, all submissions
should clearly explain how the proposed work differs from other work in the field.

Questiong; Contact: Samm Gillar&amuel.Gillard@ee.doe.gov

b. SiCDevices Suitable for Electric Vehicle Extreme Fast Chargers
The push to reduce charging time through Extreme Fast Charging (XFCs) for Battery Electric Vehicles (Bl
creates a suite of intertwined R&D challenges. In addition to the R&D challenges iidesemnd battery
technologies, there is a distinct need to understand how fast charging up to 400 kW will impact Electric
Vehicle Service Equipment (EVSE) andrl&d infrastructure costs. Design of these charging stations
needs to include power eleanics that can withstand elevated current and voltage levels for vehicle
charging. Performance requirements and gaps for XFCs can be found at:
https://www.energy.qgov/sites/prod/files/2017/10/f38/XFC%20Technology%20Gap%20Assessment%20Re
port FINAL 10202017.p§lf].
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The planned voltage and current levels for XFC, require high power semiconductors to achieve high powe
levels andshort recharge times. A medium voltage grid input can reduce installation costs and increase
efficiency for vehicle charging using solid state approaches to grid isolation and power conditioning, and
can contribute to grid reliability and resilience aslvas national security. In particular, high voltage Silicon
Carbide (SiC) devices with their inherently high breakdown voltage and low loss characteristics are suited
to fast charging applications. This subtopic seeks proposals to develop devices withiinent and

voltage ratings that will enable improvements in vehicle extreme fast chargers.

This subtopic seeks proposals that overcome the limitations of currently available technologies by
demonstrating the successful production of > 150A, > 120@8d1&iC devices that are suitable for

extended use in high power EVSEs. Specifically, prototypes produced in Phase Il should pass full or parti
gualification specifications or standards at high device production yields. In Phase I, device production
guartities are not expected to be sufficient to pass full qualification. In Phase I, applicants should show a
relationship to, and demonstrate an understanding of, electric vehicle charging application requirements
and environments. Examples include fast cir@aggequirements for surface and/or substrate treatments

and processing, compatibility with existing power module, or power stage packaging and processing. Oth
requirements are related to design for loterm reliability even with device degradation. Psals should
show a path towards full qualification of XFS technologies with commeeadly devices integrated into a
functional module by the end of Phase II.

Questionsg; Contact: Steven Boydteven.boyd@e.doe.gov

Reduction of Thermal and Friction Losses in Internal Combustion Engines

Applications are sought to develop technologies that can provide significant fuel efficiency gains to
reciprocating internal combustion engines without appreciable increases in cost or complexity. Potentially
effective approaches for increasing efficiemeglude improved thermal management strategies, such as
use of thermal barrier coatings or efficient, la@st waste heat recovery strategies, and friction reduction
strategies, such as use of low friction coatings or surfaces. Refer to the Advanced Gamdous

Emission Control Roadmap here:

https://www.energy.qov/sites/prod/files/2018/03/f49/ACEC_TT Roadmap_201g4df

Applications must demonstrate that tharget technologies:
1 Are viable in current reciprocating engine architectures;
1 Are compatible with widely available fuels and lubricants;
1 Have a low expected additional cost to implement on an automotive or hdatyyengine;
1 Work reliably for the typicalfetime of the vehicle;
1 Are likely to be successfully implemented on a modern, production automotive engine in Phase Il.

Reporting must include fuel consumption test results compared with a second, unmodified, otherwise
identical engine. All fuel consumph testing must be conducted according to engine industry norms.
Statistically valid fuel economy improvements (95% confidence level) of at least 2.0% are desired.

Questiong; Contact: Mike WeismilleMichael.Weismiller@ee.doe.qgov
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d. CoOptimization of Fuels and Engines
Onroad transportation is likely to remain reliant on liquid fuels for decades, due to the superior energy
density and fast refueling times that liquids afford. As a result, altholggtrdication has promise to
displace internal combustion engines in some applications, advances in combustion will still have
substantial impact on transportatiechased energy consumption and emissions [1]. While benefits can be
obtained by improving fueresources or engine designs independently, an even larger impact can be had
by optimizing new fuels and engines in conjunction with each other. For example, rather than finding new
fuels that can be integrated into existing engirgesuch as higher ethanh blends in stock gasoline engines,
and biodiesel into typical Diesel engingsr making incremental refinement of existing engines using
traditional fuels, there is even greater opportunity in developing new engines to harness the unique
properties of dternative fuels. As a result, grant applications are sought to develop engine designs that are
co-optimized for operation on a netraditional liquid fuel, including:

1 Lightduty engine designs that utilize a muftiode combination of sparlgnition and conpression
ignition of biomassased liquid fuel blends to optimize engine operation across the entire load
map. These engines should be able to demonstrate at least a 10% improvement in fuel economy
over baseline sparlgnition-gasoline operation (i.e., caparable engine on AKI 87 gasoline).

1 Medium and heawduty engine designs that use naliesel/biodiesel liquid fuels in compression
ignition architectures. At minimum, such approaches should be able to achieve traditional Diesel
torgue and efficiency, buwvith a significant reduction in criteria pollutants and carbon impact.

1 Nontraditional engine designs (such as opposed piston engines, or similar architecture deviations)
that operate on a suitably coptimized liquid alternative fuel. The benefits for tuechnologies
must be proportional to the level of deviation required from traditional engine production
processes.

Applications that heavily rely on fuels/additives that are not currently produced at significant scale should
include techneeconomic analsis to justify commercial potential.

Questiong; Contact: Kevin Storkevin.stork@ee.doe.gov

e. Improving the Performance and Reducing the Weight of Cast Components for Vehicle Applications
The Vehicldechnologies Office Materials Technology Program targets 25% glider weight reduction at less
than $5/Ib-saved by 2030. Materials play a major role in the U. S. DRIVE Partnership by enabling
lightweighting of structures and systems to improve fuel economy lay reducing demands on the
vehicle powertrain and ancillary systems [1]. To accomplish these goals it is necessary to reduce the weig
of all components within the vehicle. Cast metal components, made from cast iron, aluminum alloys, and
magnesium allgs represent a significant percentage of the total vehicle weight and will need to be
addressed to meet the stated goals. Although weight reductions can be achieved through materials
substitution, the performance of cast metal components is often dominatgthe imperfections in the
casting that result from the casting process.

Applications are sought to develop and improve casting processes that result in a significant reduction in
casting imperfection leading to increases in component strength, fatigieand allowing redesigns that
lead to significant (>20%) reductions in component weight.

Applications should provide baseline data on target casting process, component, component performance
and baseline material composition(s) and properties. Psgp®should include a clear description of the
imperfections to be addressed and the methodology to be employed to make the proposed
improvements.
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Applications should show a pathway to commercial high volume production rates necessary for the
automotiveindustry and demonstrate that there is a high likelihood that the cost effectiveness targets of
$5/Ib-saved can be achieved by 2030.

This topic does not include a new materials development program and applications containing a new
materials development mrgram will be considered out of scope.

Questiong; Contact: Jerry Gibbgrry.gibbs@ee.doe.gowr Sarah Kleinbaum,
sarah.kleinbaum@ee.doe.gov

Low Cost, Lighweight, and HighPerformance FibeReinforced Composites for Vehicle Applications

tKS £#SKAOfS ¢SOKy2ft23ASad hFFTFAOSQa al GSNARAItA ¢SC
lessthan $5/lba SR 0@ Hnon® al (SN SEDRIME Padnerbhip By eBadliNg NP f
vehicle lightweighting of structures and systems to improve fuel economy and reduce demands on the
vehicle powertrain and ancillary systems. The Materials Technical Team in the U.S. DRIVE updated its
roadmap in October 2017]. Within this roadmap, the area of carbon fiber composites is one of the four
material systems of the most interest to the automotive industry. While the current materials focus of the
DRIVE partnership is solely for primary structure applicationsetasx many secondary structures of

vehicle components in the automotive industry, which are also critical and in high demand.

Applications are sought to develop and test new innovative materials ideas including carbon fiber and
carbon fiber compositesnladdition to research on low cost carbon fiber, applications can include
development of alternative fibers (e.g., natural fiber/kdegradable fiber) and resins (e.g., polymers; bio
degradable polymer, fast curing resin), and their processes or any fufrthe fiberreinforced materials

such as (continuous, discontinuous, particulate fibers, or hybrid that can make vehicles lightweight and
high performance with affordable cost. Applications can also include development of innovative and cost
effective mamfacturing processes, such as loast, highspeed manufacturing with net shape. In
particular, applications are sought to reduce manufacturing cycle time to less than 3 minutes (ideally for
90 seconds), and develop composite intermediates (e.g. prepiggstion molding compound, SMC,

BMC, longfiber thermoplastics, noferimp fabrics, and nonwovens). For such applications the expected
outcomes should support the automotive industry in utilizing fibeinforced composites in higholume
production.

Theprocess from manufacturing carbon fiber to production of finished components is wasteful; it is
estimated that more than 30% of produced carbon fiber ends up as waste at some point in the process.
The carbon fiber composites industry differs from othetcamotive materials supply industries in its lack

of an effective recycling solution and recyclability. Applications are also sought to develop viable
recyclability technologies that can help reduce carbon fiber orcanon fiber composites waste.
Applicdions also are sought for technologies that promote lightweight vehicle reusability.

Questiong; Contact: Felix Wdgelix.wu@ee.doe.gov

References:
1. Vehicle Technologies Office (FCTO), U. S. Department ofyEnerg
https://www.enerqy.gov/eere/vehicles/vehickechnologiesoffice
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https://www.enerqgy.gov/policy/initiatives/departmentnergys-criticakmaterialsstrategy

2. Energy Storage System Goals, United States Council for Automotive Research, LLC.
http://www.uscar.org/quest/article _view.php?articles id=85

3. USABC Manual8¥nited States Council for Automotive Research, LLC.
www.uscar.org/qguest/article view.php?articles id=86

References: Subtopic b:

1. Office of Energy Efficiency & Renewable Energy, ,2Badbling Fast Charging: A Technology Gap
Assessment, U. S. Department of Energy, p. 83.
https://www.energy.gov/sites/prodfiles/2017/10/f38/XFC%20Technology%20Gap%20Assessment%?2
OReport FINAL _10202017.pdf

References: Subtopic c:
1. U.S. Driving Research and Innovation for Vehicle efficiency and Energy sustainability (DRIVE), 2018,
Advanced Combustion and Emission Control Roadtdaf. Department of Energy, p. 53.
https://www.energy.qov/sites/prod/files/2018/03/f49/ACEC_TT Roadmap 2018.pdf

References: Subtopic d:
1. U.S. Driving Researchcamnovation for Vehicle efficiency and Energy sustainability (DRIVE), 2018,
Advanced Combustion and Emission Control Roadmap, U. S. Department of Energy, p. 53.
https://www.enerqgy.gov/sites/prod/files/2018/03/f49/ACEC_TT Roadmap 2018.pdf

References: Subtopic e:
1. Vehicle Technologies Office, 2017, Materials Technical Team Roadmap, U. S. Department of Energy,
13.
https://www.energy.gov/eere/vehicles/downloads/udrive-materialstechnicalteam-roadmap

References: Subtopic f:
Vehicle Technologies Office, 2017, Materials Technical Team Roadmap, U. S. DepdrEnengy, p.
13. https://www.enerqgy.gov/eere/vehicles/downloads/udrive-materialstechnicalteam-roadmap

14 WATER
Maximum Phase | Award Amount: $2000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

¢tKS hFFAOS 2F 9ySNHE& 9FFAOASYyOe FyR wSySgloftS 9y
(http://energy.gov/eere/water/waterpower-programn) conducts earhgtage research and development to
strengthen the body of scientific and engineering knowledge enabling industry to developgenkmnotogies

that increase US hydropower and marine and hydrokinetic (MHK) generation. Hydropower and MHK
technologies generate renewable electricity that supports domestic economic prosperity and energy security
while enhancing the reliability and resilieyof the US power grid.
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MHK technologies convert the energy of waves, tides, and river and ocean currents into electricity and have
the potential to provide locally sourced, clean, and reliable energy. MHK is a predictable, forecastable
resource with a gneration profile complimentary to the seasonal or temporal variations of other renewable
resources such as onshore wind and solar, which can enhance its contributions to grid resilience and reliabili
MHK technologies also have the potential to providsteffective energy for numerous existing maritime
markets, including nomgrid connected or remote coastal areas, ocdmsed sensors, monitoring equipment

(for civilian, scientific, industrial, and national security functions), and autonomous vehitlerging at sea,

as well as reducing desalination costs by avoiding the step of generating electricity.

Applications may be submitted to any of the subtopics below but all applications must:
1 Propose a tightly structured program which includes technidldstones 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;
1 Explicitly and thoroughly differentiate the proposed innovation wikpect 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 sytitts:

a. Microgrid for Improved Resilience in Remote Communities through Utilization of Marine Hydrokinetics
and Pumped Storage Hydropower
Applications are sought to prove the concept of microgfasemote rural communities. Applicants
should show how such microgrids enhance the ability of marine hydrokinetics (MHK) technologies to
contribute to grid reliability and resilience. Inclusion of MHK should offer the capability to reliably provide
baseload power in these communities in a resilient manner. The application should demonstrate how
MHK is less exposed to extreme weather events than other renewable resources.

LY HaAamMTX 0KS bldAz2ylf 1 OFRSY®E 2F {OASyOSa 7T2dzyF
microgrids to make electric service more resilient. This field of research and application is evolving quickly
with new control systems, sensors, and distited energy sources. This rapid evolution of the frontier of
technical capabilities is opening a potentially wide gulf between the technical capabilities of microgrid
aeaidsSya FyR GKS NBFf @g2NIR adaeaidsSvya (OKkdinierebtdd 2 LIS
proof of concept research on real world applications of marine renewable energy (MRE) technologies that
can operate as a base load power supply for small microgrid systems (1D0IKVY that provide power to
remote communities. The prooff@oncept research should demonstrate the extent to which the following
assertions are true:
1 Remote rural communities that are vulnerable to power outages resulting from extreme weather
events can benefit from microgrids because they are more resilienepswpply systems.
1 Microgrids from renewable power sources can reduce energy costs in communities that are
dependent on diesel fuel for power.
1 Incorporating Marine current energy devices into microgrids can reduce their exposure to extreme
weather events eompared with other renewable sources.

Phase | awards under this topic will prove the concept for the proposed microgrid based on the following:
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1 Identification of a specific rural community, with average annual electrical demand 1-Q0KW,
that currently elies on diesel generators (DG) as primary power supply, and has nearby current
energy (river or tidal) resources available to support microgrid operations;

1 Possible inclusion of pumpexiorage hydropower (PSH), utilizing either natural or mzade
water reservoirs, for energy storage requirements to meet electrical grid requirements;

1 Replacement of the DGs, though DGs can be included forugapkwer, i.e. the system should be
capable of operating with the MHK devices supplying baseload operations withibzation of
DGs.

1 Inclusion of preliminary designs, including specific inverters, controllers and other major
component requirements, and the associated system life cycle cost estimates; and

1 Life cycle cost comparisons for proposed system, based alallaresources for particular
O2YYdzyAlle 2F AYyGSNBadzr G2 GKS Oz2ald Faaz2oOAl G-
maintenance and fuel.

Phase | should include component level testing required to complete the system design. It should also
includetesting plans to occur in the specific laboratory environment proposed for phase two. The
proposed research should identify and model a system consisting of optimal mix of renewable and other
local energy resources as appropriate, as well as storage @yuBy 1 a > (12 &SNS GKS
needs.

In Phase Il the researchers would complete design and test the system in a laboratory environment
utilizing Hardware in the Loop (HIL) to the greatest extent practical at facility such as NREL's National Wir
¢ SOKy2t238 /SyYyGuSNI ob2¢/ 0 2N 0KS ! yADBSNAE loiadryag T |
the Alaska Center for Energy and Power (ACEP).

Phase Il must also include an evaluation of global potential for microgrids for improved resitience i
remote communities with average annual electrical demand 10aH¥W through utilization of MHK and
PSH.

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

. Ocean Energy Storage Systems

Energy storagesia critical component of renewable energy systems to overcome intermittency. Research
on electrochemical storage methods, and integration with renewable energy generation sources, has thus
far focused on landbased systems such as solar and wind. Genyetfadise systems are poorly suited for

the marine environment and are not optimized for integration with marine energy systems such as wave
energy converters or tidal energy turbines. The WPTO has identified numerowgidapplications that

could benefitrom marine energy, but nearly all of them require an energy storage component. Examples
include charging underwater vehicles at sea, powering ocean research devices, and providing emergency
sources of electricity. For a marine energy converter to sfoly enter these markets it must have a
well-defined and reliable energy storage system.

WPTO seeks to fund research and development on novel ocean energy storage systems that can provide
functions similar to electrochemical battery storage and araglesd for integration with marine energy
systems. Examples could include systems using pneumatic, hydraulic, or thermal energy storage. Ocean
energy storage could also include systems that are analogous to compressed air energy storage (CAES)
pumpedhydro storage (PHS), but operate underwater using the weight of the water column to pressurize
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a fluid or gas. Novel electrochemical storage systems that require ocean water for operation may be
considered if marine energy conversion is clearly described astegral component of the design. The
WPTO will consider technologies for various scales and capacities, though the end use application must t
clearly identified.

Phase | awards under this topic will carry out eathge, proofof-concept research it novel marine

energy storage concepts in a laboratory setting. Phase | research should include definition and design of
storage system and sufficient laboratory testing to inform the relative merits of the technology and its
potential for scalingup orcommercialization. Phase | laboratory work may include initial research to guide
design. It also may include testing of initial components and designs or other necessary stepsstagarly
development. In Phase II, the awardee(s) should continue to dpubk proposed ocean energy storage
system identified in Phase | by building a functioning prototype system and testing it in an intended
environment or in a laboratory setting using hardwainethe-loop testing regime. Phase 1l awardee(s)

must present alear path for the commercialization of the proposed technology.

Applicants must demonstrate knowledge, experience, and capabilities in developing ocean energy storag
systems and include the following in their application:

1 The specific endiseapplication for the storage system; for example, charging underwater vehicles
or aerial drones, balancing the grid, or offshore aquaculture farms;

1 Required system components, including but not limited to: interconnection, mating, or delivery
hardware thatallows the storage system to deliver energy to the specified application (e.g. docking
station for underwater vehicles or drones), including the power management system and
controllers and; other auxiliary systems;

1 If applicable, how the system can be ofpad by marine energy systems such as wave, tidal, or
ocean current energy converters;

1 The stateof-the-art for incumbent technologies and how the proposed design will overcome

existing limitations faced by enasers;

Capacity rating, rates of charge andaliarge, and cycling characteristics of the proposed system;

Details of work to be performed in Phase | including the design plan, the resources required, and

the intended performance targets; and

1 Description of Phase Il work including the scale of the alestration prototype, the desired test
location or facility, and if possible, ener partners.

= =

Applicants should also detail how they propose to utilize the grant to advance thedttte-art and, if
successful, what the commercialization plan isthar energy storage system to be developed under this
subtopic.

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

Pumping and Compression using Marine and Hydrokinetic Energy

Water pumping is requird for many different types of operations, including: a) cooling for manufacturing,
and data centers, b) air conditioning, c) power generation, d) seawater desalination, e) irrigation of crops,
f) onshore and offshore aquaculture, and g) pumys¢orage hydo. Compression is needed for

refrigeration or other applications that use gases or compressible liquids as their working fluid.
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When these applications are in ajfid areas, the power for pumping or compression is typically provided
by diesel generata. MHK may be able to supplant these costly and polluting fossil fuel powered pumps
and compressors using the energy contained in oceans and rivers.

MHK pumping has often been considered for desalination systems, in particular wave powered reverse
osmoss systems. However, challenges remain in determining how best to integrate MHK technologies.
Wave energy converters often act as intermittent positive displacement pumps, delivering seawater at
variable flow and noftonstant pressures, occasionally resudtin water hammer effects. These pressure
fluctuations can be damaging for downstream system components, such as membranes, filters, heat
exchangers, or valves. Research addressing these issues is elemental to many diffgreht off
applications for MHKechnologies that require pumping or compression, as well as riverine applications
such as freshwater aquaculture or crop irrigation.

WPTO seeks to fund research and development of novel-pttered pumping or compression systems
to directly pump water ocompress gases for effrid applications. Steady flow, higiead (for pumping
systems), higtefficiency designs with minimal maintenance are of particular interest. Research should
identify specific endisers or applications for the system and clearlyndastrate how the proposed
technology meets customer needs.

Phase | awards under this topic will carry out eathge, proofof-concept research into novel MHK
pumping or compression systems. Phase | research should involve design of a pumping essiampr
system and should involve sufficient laboratory testing to inform the relative merits of the technology
compared to incumbent technologies and its potential for scalipgor commercialization. Consideration
must be given to the delivery system whiwill deliver the working fluid to the endser or application. In
Phase Il the awardee(s) will continue to develop the proposed MHK pumping or compression system by
building a functioning prototype and testing in an intended environment or in a labgratetting using a
hardwarein-the-loop testing regime.

Applicants must demonstrate knowledge, experience, and capabilities in developing MHK pumping
systems and include a description of the following in their application:

1 The specific endise applicatiorfor the pumping or compression system and how it will meet-end
user requirements, e.g. to supply adequate water at the required pressure to irrigate a wheat crop
in remote communities;

The MHK resource that will be used to power the system;

The stateof-the-art for incumbent technologies and how the proposed design will overcome

existing limitations, costs, or other pain points faced by-esdrs;

1 The predicted volumetric flow rate, total dynamic head, and other relevant calculated performance

characterisics of the intended system as applicable;

The predicted electrical power or fuel displaced by the proposed design;

Details of work to be performed in Phase | including the design plan, the resources required, and

the intended performance targets; and

1 The mMase Il work including the scale of the demonstration prototype, the desired test location or
facility, and if possible, endser partners.

= =

= =

Applicants should also detail how they propose to utilize the grant to advance thedttte-art, and, if
succesful, the commercialization plan for the MHK pumping or compression system to be developed
under this topic.
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Questions; Contact: Rajesh Dhamgjesh.dham@ee.doe.gov

High Value Critical Mineral Extractiondm the Ocean Using Marine Energy

The demand for reliable sources of critical minerals is growing, based on likely future scarcities and
security concerns for obtaining minerals from international sources that may not be readily accessible to
the United Stées. Most rare earth elements (REEs) and valuable minerals used in the United States are
imported from other nations. This reliance on foreign supply constitutes an industrial and national security
concern. The development of lowenst domestic extractionf minerals from the ocean will make these
sources more economically attractive and help alleviate international supply concerns. Use of ocean
sources of critical materials also will avoid permitting, waste disposal, and public opinion concerns
associatedwith terrestrial mining operations. Of particular importance are those elements for which the
United States does not have significant domestic resources or for which there is significant risk of supply
disruption. Elements that are considered criticalinte the REEs (e.g., neodymium, dysprosium,

europium, yttrium, and terbium), lithium, tellurium, gallium, and indium.

Seawater contains large amounts of minerals, dissolved gases, and specific organic molecules that can p
a role as energy sources orr father industrial uses. Some of the most valuable minerals include the 17
REES, precious metals, lithium, and uranium. Seawater minerals are generally distributed evenly in
seawater. These minerals can be recovered from seawater using adsorption mefladd® thot require
filtering vast amounts of seawater.

Marine Energy could open up unexploited opportunities in seawater mining, which could further expand
mineral and gas markets. Seawater mining would also improve the diversity of the U.S. minekal supp
chain, eliminating reliance on any one supplier. The availability of marine sources of critical material woul
provide a price ceiling on the cost of terrestrially obtained critical materials. Extraction of minerals from
seawater requires power to opet@mechanical adsorbent exposure mechanisms, pump seawater, and
operate the electrochemical cell in electrochemical extraction systems.

WPTO seeks applications for developing alternatives to forsigimced critical materials using marine
energy to addres US security, trade gaps, and mineral scarcity. Critical materials include, but are not
limited to, rare earth elements.

In Phase | awardees will carry out (1) proof of concept research which includes appropriate lab testing for
extracting minerals frm sea water using marine energy; (2) a study to understand economics and scales
to extract high value minerals commercially; and (3) development of a prototype for testing in Phase Il. In
Phase Il the awardee(s) will build and test a promising minerahetn technology powered by a small

scale marine energy device.

Applicants must also demonstrate knowledge, experience, and capabilities in marine energy capture as
well as an understanding of sea water mineral extraction technologies and include Itheingl
descriptions in their application:

1 The required marine energy generation infrastructure and power requirements;

1 Mineral extraction technologies and efficiencies being considered,;

1 Concepts on platforms for concentrated mineral solute transfesimilar materials transfer;

1 The US mineral trade gaps/mineral security that could be commercially addressed by this

technology;
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1 US Exclusive Economic Zone (EEZ) siting options with marine energy resource assessment
alignment for: wave, tidal, current, afat OTEC;

1 Details of work to be performed in Phase I; and

1 Phase Il work

Applicants should also detail how they propose to utilize the grant to advance theditttte-art, and, if

successful, the commercialization plan for high value mineral extrafrttom the ocean using marine

energy to be developed under this topic.

Questions; Contact: Rajesh Dhamgjesh.dham@ee.doe.gov
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15.WIND
Maximum PhaseAward Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES

¢tKS hFFAOS 2F 9ySNHe 9FFAOASYyOe YR wSySgloftS 9y
(https://energy.gov/eere/wind/windenergytechnologiesoffice), seeks applications for innovations that
significantly reduce the cost of energy from US wind power resources foiblased, offshorend distributed

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

¢t2RIF&8X 6AYR SySNHE& LINPOARSA 20SNJ cx 2F (GKS ylridAz
81,000 wind turbines, totaling 1,076 megawatts (MW) in cumulative capacity, were deployed in distributed
applications across all 50a¢es, the District of Columbia, Puerto Rico, Guam, and the U.S. Virgin Islands.
Additionally, 89 gigawatts (GW) of utiisgale wind turbines are installed across 41 states plus Puerto Rico
and Guam. Finally, one of the smallest states in terms of bedig@phic size and installed wind capacity
YEN]JSR | YIFI22NI YAt Salz2yS Ay unmcX a GKS yraAaz2yQ
in Rhode Island, achieved commercial operation. With wind power generation exceeding 10% in 14 states,
wind is a demonstrated clean, affordable electricity resource for the nation.

WETO aims to advance scientific knowledge and technological innovation to enable cleaosiovind
energy options nationwide. WETO Research, Development, Demonstratiddesaholyment (RDD&D)
activities are applicable to utilitgcale land and offshore wind markets, as well as distributed turbines
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typically interconnected on the distribution grid at or near the point of -@rs&. Achieving LCOE goals will
support deployment ofvind at high penetration levels, sufficient to meet up to 20% of projected U.S.
electricity demand in 2030, and up to 35% in 2050, compared to over 6% of demand in 2017. DOE plays a
unique and valuable role in enabling the wind industry and its staken®kbemeet core challenges to

industry growth through innovation to reduce wind technology costs and mitigate market barriers enables
deployment and drives US economic growth.

All applications must:

1 Propose a tightly structured program which includeshtgical 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. Vision
or Roadmap targets and/or state of the art prams 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 and; justify all performance claims with theoretical predictions
and/or relevant experimental data.

Grant applications are sought in the following subtopics:

a. Coordinated and Secure Distributed Wind System Control and Communications Technologies
Early stage research and technology development is needed for highetrpgons of distributed energy
resources (DERS) to integrate with existing electricity distribution networks, contribute to grid reliability,
and provide resilience when the bulk power system fails. Interoperability between wind technology and
other distibuted energy resources (e.g. solar and storage) and the flexible electricity loads they support
(e.g. buildings) can enable higher penetration through coordinated and secure controls and
communications technologies. The goal of this subtopic is to nfasetcapabilities available for wind
energy technology, at all scales used in distributed applications, through the developmentaddow
validated and secure control and communication technologies. Proposals should address technical
challenges relatetb wind technology specifically in Phase I, while addressing the common communication
and cybersecurity requirements for all distributed energy resources. In addition, proposals should conside
how to complement solar and/or storage technologies to advaheenterests of multiple EERE programs
in Phase Il. [1, 2]

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

b. Remote Diagnostic Technologies to Reduce Offshore Wind Operating, MaintenanceRepdir Costs,
and Increase System Reliability
Accessing an offshore wind turbine for service work is far more expensive than accessingaskad
wind turbinec technicians need to be transported long distances by boat, which requires more personnel
andtime, and can be delayed by weather. This, in turn, increases overall operations and maintenance
(O&M) costs for an offshore wind plant, as well as lost revenue caused by unplanned downtime. Remote
monitoring, inspection, and repair of offshore wind turbs and foundations can reduce O&M costs and
avoid losses in energy production. To date, the field of remote diagnostics for offshore wind is Rrot well
developed in the global marketplace and could benefit from adaptation of advanced technologies,
materialsand manufacturing processes being developed by U.S. firms for other applications. The larger
scale, greater distances from shore, and generally harsher operating conditions of planned U.S. offshore
wind projects compared to those in Europe, where mosslodire development to date has taken place,
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provide an impetus for U.S. innovation in remote diagnostic technologies, while also resulting in significan
global market potential.

WETO is seeking proposals for development or adaptation of innovative teghesito increase offshore

wind plant operators' abilities to remotely monitor operating details of turbines and component
subsystems in order to plan service events in advance of possible failures, and decrease the need for on
site technician time. Innovt&ve technologies to be proposed may include hardware, sensors, instruments,
and/or software tools. These technologies can facilitate maintenance and repair processes, such as:
detection of a system operating outside of its normal parameters, inspectidndentification of the root
cause of the problem, quantification of how it will impact overall health of the machine, decision making
on the proper course of action, and planning the repair or other preventative measures. If included as par
of innovativehardware development, software may utilize advances in artificial intelligence and should
ensure cyber security of the wind plant. WETO is seeking solutions to address a broad range of factors
impacting reliability, therefore proposed technologies mayapglicable to specific elements of an

offshore system including blades, foundations, turbine mechanical, turbine electrical, and control
electronics. Any hardware developed must be able to function reliably in harsh marine environments, and
should integraé into the supervisory control and data acquisition (SCADA) system of the turbine and the
wind plant. [3, 4]

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

c. Wind Turbine Blade Recycling
In addition to the specific subtopics listed above, WETO invites grant applications in other areas relevant t
wind turbine blade recycling that enable wind power nationwide [5,6]. Of particular interest are
applications which address the high investment amdcessing costs to recycle wind turbine blades
through the development of new manufacturing techniques and/or materials that can facilitate recycling
in the next generation of wind turbine blades.

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

References: Subtopic a:
1. Distributed Wind Energy Association (DWEA), 2015, DWEA Distributed Windc\28#52030
{ OGN G§S3ASa (2 wSthe@S IENED2 AYR DISHSHB RI A2y 0@
http://distributedwind.org/wp-content/uploads/2012/08/DWEMistributedWind-Vision.pdf

2. Jenkins, J., Rhoadlgeaver, H., etal, 2016, SMARRA Y R w2 RYF LIY ! [/ 2y &Sy & dz
Sustainable Manufacturing, Advanced Research & Technology Action Plan for Distributed Wind,
Distributed Wind Energy Association, p. 14@p://distributedwind.org/wp-
content/uploads/2016/05/SMARWind-Roadmap.pdf

References: Subtopic b:
1. Wind and Water Power Technologies Office , 2015, Wind Vision: A New Era for Wind Power in the
United States, U.S. Department ofdegy p. 291.
http://energy.gov/sites/prod/files/2015/03/f20/wv_full report.pdf

2. U.S. Department of Interior, 2016, National Offshore Wind Strategy: Facilitating the Develogime
the Offshore Wind Industry in the United States, U.S. Department of Energy, p. 84.
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http://energy.gov/sites/prod/files/2016/09/f33/Naticmal-OffshoreWind-Strategyreport-
09082016.pdf

References: Subtopic c:
1. Zayas, J., Derby, M., Gilman, P., and Ananathan, S., 2015, Enabling Wind Power Nationwide, U.S.
Department of Energy, p. 56ttp://energy.gov/sites/prod/files/2015/05/f22/Enabling/Vind-Power
Nationwide 18MAY?2015 FINAL.pdf

2. 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_INL _ENERGY REP 2014 WIND.pdf

16.JOINT TOPIC: ADVANICEANUFACTURING ASDLAR ENERGY TECHMNRES
OFFICES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTR Phag&pbplications: YES

The Advanced Manufacturing Office (AMO) collaborates with industry, small business, universities, and othel
stakeholders to identify and invest in emerging technologies with the potential to createguigiity domestic
manufacturing js and enhance the global competitiveness of the United States [1].

The Solar Energy Technologies Office (SETO) supportstegdyresearch and development to improve the
affordability, reliability, and performance of solar technologies on the grgpegific effort is devoted to
cutting-edge research and development that will help the solar industry to reduce the cost of manufacturing
solar technologies to reach the 2030 cost targets [2, 3].

In this Topic, AMO and SETO seek applications fatdthielopment of innovative and impactful technologies

that will support a strong solar manufacturing sector and supply chain in America, while producing cost
competitive modules that keep pace with the rising domestic and global demand for affordablesetgy.
Applications must be responsive to the following subtopic. Applications outside of this area will not be
considered. Within this topic, DOE is not interested in technologies and innovations related to racking
optimization or mounting technologieépplications in this space will be deemed responsive. However,

any innovation in module form factors should have a line of sight to easy deployment using current or soon tc
come racking/mounting technologies.

Applications must:
1 Propose a tightly stretured 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 targetand/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;
Justify all performance claimstiv theoretical predictions and/or relevant experimental data.

= =
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Applicants are encouraged to leverage capabilities of consortia from both AMO and SETO. The Rapid

I RO YyOSYSyYylG Ay tNROS&a LYGSYaAFTAOlF A2y -piv&dB&R & YSyY
consortia where manufacturers, small businesses, universities, national laboratories, and state and local
governments are brought together to pursue coordinated eathge R&D in highriority areas essential to
energy in manufacturing, includth Y2 Rdzf S Y I ydzF I OGdzNAy 3 wn8d {9¢hQa
Consortium [5], brings together national laboratories, universities, and industry to discover and develop new
materials, testing methodologies, and designs for durable PV systems.

Grantapplications are sought in the following subtopic:

a. Innovation in Solar Module Manufacturing Processes and Technologies
The global PV market has changed dramatically over the past years. Module prices have been decreasint
rapidly and global deployment éxperiencing strong growth. However, manufacturing is concentrated
mainly in Asia [6]. Innovatiedriven cost, performance and quality improvements, along with strong
projected solar demand in the United States and across the Americas, could increafieaitiezaness of
USbased solar manufacturing. Although improvements to standard PV modules have produced deep cos
reductions over the past years, the returns on such improvements appear to be diminishing, and more
dramatic innovations in module designcamanufacturing may be needed to maintain the path of rapid
progress while opening further opportunities for domestic manufacturing.

Within the solar manufacturing value chain, module manufacturing represents one of the areas where
innovation can be stilhtroduced. Capital expenditures (CapEXx) for a new module assembly line is lower
relative to other components such as wafers and solar cell, but the process still requires several steps,
some of them quite slow (e.g. lamination).

AMO and SETO are loofifor new module manufacturing technologies, equipment development,
individual process step innovation that can accomplish one or more of the following objectives:

1 Modifications and repurposing of existing or dormant manufacturing technologies in order to
utilize an existing infrastructure and demonstrate synergies with existing or new module
technologies;

1 Reduction of the number of steps in a module assembly (from cells or completed thin film device
stack to completed module);

1 Development of new tools oethnologies that will increase the throughput of existing or new
processes;

1 Development of new module assembly technologies, methods and improved form factors that
optimize module cost per wat;

1 Development of module manufacturing methods that enable inooagion of new and upcoming
cell technologies such as perovskite or other high efficiency solar cells such as monolithic module
manufacturing methods;

1 Development of new module technologies and equipment that lower the tool footprint or
optimizes usage dhe factory floor;

1 Replacement of manufacturing bottlenecks (e.g. lamination, encapsulation) with faster and more
efficient processes; and

1 Development of techniques that could allow for the manufacture of mechanically staked or fully
integrated tandentechnologies.
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In the Phase | of these projects, DOE expects applicants to analyze the feasibility of a new technology or
process, identify and do preliminary work with relevant stakeholders to ensure easy access to facilities to
test, validate, and prototpe the new design. A prototype should be developed with the goal to embed or
test it in a realworld assembly line or a dormant facility during Phase II.

Questiong; Contact:solar.sbir@ee.doe.goand Dickson OzokwelDjckson.Ozokwelu@ee.doe.gov

References:
1. Advanced Manufacturing Office, U.S. Department of Enértjys://energy.gov/eere/amo

2. Solar Eargy Technologies Office, U.S. Department of Enéittpys://energy.gov/solaroffice

3. Solar Energy Technologies OffiGoals of the Solar Energy Technologies Office, U. S. Department of
Energyhttps://www.energy.gov/eere/solar/goalsolarenergytechnologiesoffice

4. RAPID, Americanstitute of Chemical Engineer#ips://www.aiche.org/rapid

5. Our Capabilities Network, Durable Module Materials Consortium.
https://www.duramat.org/capdilities.html

6. Chung, D., Horowitz, K., and Kurup, P., 2016, On the Path to SunShot: Emerging Opportunities and
Challenges in U.S. Solar Manufacturing, National Renewable Energy Laboratory, p. 64.
https://www.nrel.gov/docs/fy160sti/65788.pdf

17.JOINT TOPIC: ADVANICEANUFACTURING AREEOTHERMAL TECHNOES®FFICES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES AcceptingSTTR Phase | Applications: YES

The Advanced Manufacturing Office (AMO) collaborates with industry, small business, universities, and other
stakeholders to identify and invest in emerging technologies with the potential to createguigiity domestic
manufacturing jobs and enhance the global competitiveness of the United States [1].

The Geothermal Technologies Office (GTO) focuses on applied research, development, and innovations that
will improve the competitiveness of geothermal energy, as to gemenaghcapacity factor dispatchable
electricity, and in directise applications for heating and cooling of American homes and businesses. Domestic
geothermal energy enables energy security, resiliency, and a strong domestic economy in emerging
technologieq?2].

In this Topic, AMO and GTO partner to solicit innovative research and development projects capable of
addressing both critical material and critical water issues. This topic supports the priorities of the Acting
Assistant Secretary for EERE to addressrifigal water issues: improve lostgrm access to clean, affordable
water supplies, including technical challenges at the nexus of energy and water (energy used to produce clee
water and water used in energy production) and identify ways to produce agsdre the availability of water
during long term outages; and (2) critical materials: developing technologies to reduce the impediments to
domestic critical materials production, finding alternatives to foresgimirced critical materials, and

developing tehnologies to reuse and recycle critical materials.
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The Phase | application should detail design and bench scale systems that are scalable to a subsequent Phs
prototype development. Applications must be responsive to the following subtopic. Apphsatutside of
this area will not be considered.

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 pce and/or performance improvements that are tied to baselines from the
EERE Study [3];
1 Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
1 Include a preliminary cost anis;
1 Justify all performance claims with theoretical predictions and/or relevant experimental data.
Grant applications are sought in the following subtopics:

a. Geothermal Desalination and Critical Material Recovery Systems
Desalination systems take anpaired water source and produce fresh water and a concentrated brine
waste stream. A typical source is seawater with approximately 35,000 ppm total dissolved solids (TDS), b
other sources can include coal tailing, industrial waters, and produced watensdil and gas, which have
higher TDS. The concentrated brine byproduct is a good target for mineral recovery operations because
the critical material(s) of interest will occur in higher concentrations which may improve the economics for
their recovery.

To be responsive to this topic, the small business must propose a research and development project that
aims to commercialize a system that will accomplish both desalination and recovery of a critical material.
For this subtopic, the process must use atgeamal heat source. Specifically, the system must yield fresh
water with less than 500 ppm TDS while recovering at least one critical material, which can include, but is
not limited to, rare earth elements. A comprehensive list of 35 mineral commodigiemdd critical under

the definition from Executive Order 13817 was recently published by the Secretary of the Interior [4].

Because the material recovery and water processing scale differently to address their commercial needs,
is recommended that eachpplicant select a primary goal for their system (i.e. design a critical material
recovery system that is capable of treating water or vice versa). The current benchmark for thermal
seawater desalination is muistage flash whose energy intensity is gsited at 15 kWh per meter cubed

with approximately 11 kwWh coming from thermal energy [3]; however, more efficient thermal desalination
systems are currently under development and energy intensity can vary increase significantly for higher
TDS source waters

Under this subtopic, the system must be tailored to make use of geothermal heat, with low temperature
geothermal resources (<150 °C) being of particular interest in this application. These resources can come
from lower temperature geothermal reservoios from cascaded applications from higher temperature
geothermal resources. The impaired water sources primarily of interest in this subtopic are geothermal
brines and produced waters from oil and gas.

Questionsg; Contact: Joshua Mengelgshua.mengers@ee.doe.gov
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b. Desalination and Critical Material Recovery Systems from Other Energy Sources
In addition to the specific subtopic listed above, the Department also solicits applications that fall within
the specific scope of the topic description above. Specifically, this subtopic will allow systems that use
energy sources other than geothermal and will focus on systems that propose improvements in energy
efficiency by at least 30%. The baseline for currenicgienergy intensity for seawater desalination is
reverse osmosis at 3.3 kWh per cubic meter yielding costs of nearly $2 per cubic meter [3].

Questiong; Contact: Robert Gemmepob.gemmer@ee.doe.gov

References:
1. Advanced Manufacturing Office, U. S. Department of Enéittyys://energy.gov/eere/amo

2. Geothermal Technologies Office, U. S. Department of Enlettpg.//energy.gov/eere/geothermal

3. Energy Efficiency & Renewable Energy, 2017, Bandwidth Study on Energy Use and Potential Energy
Savings Opportunities in U.S. Seawater Desalination Systems, U.S. Department of Energy, p. 116.
https://www.energy.gov/sites/prod/files/2017/12/f46/Seawater_desalination_bandwidth_study 2017

odf

4. Office of the Secretary, Interior, 2018, Final List of Critical MIe€018, Federal Register, Vol. 83,
Issue 97, p. 232983296.https://www.gpo.gov/fdsys/pka/FRR01805-18/pdf/2018-10667.pdf

18.JOINT TOPIC: ADVANICEANUFACTURING ARDEL GE TECHNOLOGIES OESBI

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

The Advanced Manufacturing Office (AMO) collaborates with industry, small business, universities, and other
stakeholders to identify and invest in emerging technologies with the potential to createguigiity domestic
manufacturing jobs and enhance thigal competitiveness of the United States [1].

The Fuel Cells Technologies Office (FCTO) focuses on applied research, development, and innovation to
advance hydrogen and fuel cells for transportation and diverse applications enabling energy security,
resiliency, and a strong domestic economy in emerging technologies [2].

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 thoroughly differentiate the proposed innovation with respect to egistommercially
available products or solutions;
1 Include a preliminary cost analysis;
1 Justify all performance claims with theoretical predictions and/or relevant experimental data.
Applications must be responsive to the following subtopic. Applicatiomsiae of this area will not be
considered.
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Applications are sought in the following subtopic:

a. Advanced Materials for Detection and Removal of Impurities in Hydrogen
Highperformance membrane technologies have been explored in recent years for themt@bti® detect
and remove contaminants from streams of hydrogen gas, to serve applications requiring high purities (e.g
petroleum refineries, glassmaking plants or hydrogen fueling stations) [3]. Today, the primary approaches
to management of contaminain are (1) pressure swing adsorption techniques at centralized hydrogen
production facilities, and (2) distribution infrastructure technologies to mitigate the introduction of
contaminants. Nevertheless, excursions can take place. Examples of sourcéeantibpoontamination
include lubricating oil in compressors, -gfissing from polymers, or residual water from steam methane
reformers or electrolysis [3]. Contaminants can permanently deactivate catalysts (e.g. within upgrading
equipment at refineries, oin fuel cells onboard vehicles). Current inline detectors at hydrogen filling
stations for fuel cell vehicles are incapable of removing contaminants, or shutting down a dispenser in tim
to prevent them from reaching the vehicle.

This subtopic seeks Boepts that can both detect and remove highority contaminants from hydrogen

fuel. Concepts proposed should be capable of continuous operation at 875 ba4@fite] such that the

unit developed can be installed immediately upstream of a hydrogen digpe@®ntaminants of

particular interest, based on their likelihood of occurrence and the level of damage they can do to a fuel
cell, are: water, carbon monoxide, total sulfur, ammonia, and total hydrocarbons [4]. Phase | of proposed
projects should developnd evaluate potential materials that are capable of removing water, carbon
monoxide, sulfur, and hydrocarbons from hydrogen fuel at stations to SAE J2719 levels [5], and design a
concept that can both detect and remove contaminants. The designed sysienidsbe easily removable

and replaceable once the expected lifetime expires. Concepts proposed should target a capital cost of
<$5,000 and an annual operating cost of <$1,100. Phase Il may include the development and experiment
evaluation of a prototype

Questiong; Contact: Neha Rustagieha.rustagi@ee.doe.g@nd David Forrestlavid.forrest@ee.doe.gov

References:
1. Advanced Manufacturing Office, U.S. Depeent of Energyhttps://energy.gov/eere/amo

2. Fuel Cell Technologies Office, U.S. Department of Engtgg://www.enerqgy.goveere/fuelcells/fuet
celktechnologiesoffice

3. James, W., 2014, Hydrogen Contamination Detector Workshop, SAE International, Troy, Michigan, p.
28. https://www.energy.gov/sites/prod/files/2015/04/f21/fcto 2014 hcd workshop 1 report.pdf

4. Terlip, D., Ainscough, C., Buttn®v., and McWhorter, S., 2015, H2FIRST Hydrogen Containment
Detector Task, National Renewable Energy Laboratory, Sandia National Laboratories, p. 31.
https://www.nrel.gov/docs/fy150sti/64063.pdf

5. Fuel Cell Standards Committee, 2011, Hydrogen Fuel Quality for Fuel Cell Vehicles, SAE Internationa
https://www.sae.org/standards/content/j2719 201109/
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PROGRAMREAOVERVIEWOFFCEOFENVIRONMENTMANAGEMENT

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 historical mission of nuclear weapons
production. TheDOE'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 and environmental remediation include meeting ratguy compliance agreements, reducing

the cost and risk associated with waste treatment and disposal, and expediently deploying technologies to
accomplish these activities. While radioactive contaminants are the prime 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 meters of solid waste derived from the liquids standsins. 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 the Office of River Protection (Hanford Resery&deim), 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 problems and subsequent clean
in the world. This includethe 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 applied research including the AttenudmsedRemedies 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 Contaminants Applied Field Research Initiative (O¢
RidgeSite), and Advanced Simulation Capability for Environmental Management.

For additional information regarding the Office of Environmental Management priorities, please visit us on the
web athttps://www.energy.gov/em/officeenvironmentaimanagement

19.NOVEL MONITORING CGCBPTS IN THE SUBSAHE-

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES Accepting STTRhase | Applications: NO

5h9Qa 9YJANRYYSyYydGlrft alyl3aSYSyd tNRINXY A& fSIRAY
attenuate contaminants in the subsurface and improve the ability to monitor that attenuation progéms.
intention is to elimimte costly pump and treat systems as the contaminant levels diminish while assuring the
public and regulator community that we are protecting human health and the environment.

We propose to solicit the best concepts from industry in the following theme:

a. Leak Integrity Inspections of Aging Critical Infrastructure with Remote Inspection-Nestructive
Evaluation Technology (NDE)
Underground higHevel waste (HLW) storage tanks provide critical interim storage of nuclear legacy waste
prior to its processing and permanent dispoddie leak integrity of the tanks must be maintained to
support waste processing and waste dispositiorservice inspections are performed on physically
accessible regions of primary tank sidewalls and secondary liner bottoms to assess HLW tank leak integri
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However, the failure of an iservice HLW tank due to degradation of the primary tank bottom doul
demonstrate the need to include a limiteatcess tank region in the scope of HLW leak integrity
inspections.

The feasibility of using guided wave ultrasound to perform volumetric examinations several feet
away/around a sensor have been demonstratedgamary tank bottom inspections. Robotic visual
inspection feasibility has also recently been demonstrated. Tisea@ opportunity to expand volumetric
examination technology options for leak integrity inspection of both HLW primary tank bottoms and
secandary liner bottoms by leveraging NDE technology advancements made over the past decade.
Examples include guided wave electromagnetic acoustic transducers, ultrasonic {atnesettansducers

and pulsed eddy current. Successful demonstrations of the vabfliNDE technology to meet flaw

detection capability and performance requirements would justify the need to develop robotic deployment
systems. Therefore, NDE technology is the focus of this topic.

NDE sensors for inspection of 1/2 in. and 7/8 in. tle@ibon steel primary tank bottom plates and welds
would be allowed direct contact with limited plate surface areas. The sensor would need to provide a
balance between flaw detection capability/performance and cover ranges of at least 24 in. adjacest to th
sensor to allow plates/welds to be inspected that are physically inaccessible and covered by insulating
concrete (refractory) material. NDE sensors for primary tank bottom inspection would ultimately also neec
to balance size, payload/power/positioningriormance requirements that are considered practical for a
robotic deployment subsystem and need to tolerate oxidized/rusted/dirty surfaces, temperatures up to
200°F, and gamma radiation dose rates of up to 300 R/hr. NDE sensors for inspection ath88 in.

carbon steel secondary liner bottom plates and welds would need to meet similar requirements to those
for primary tank bottom NDE sensors; however direct contact with the plate surfaces would not be
allowed and inspections would need to be performadough approximately six inches of refractory

material. The deployment of single NDE sensors for each inspection application is preferred.

This particular need could be applicable to other industries with effluents that are contained and stored in
tankssuch as the oil and gas industry or wastewater treatment facilitheditional application of the

sensors might benefit the Department of Defense that have heavy metal and solvent contamination
problems.

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

References
1. Bandyopadhyay, K., Bush, S., Kassir, M., Mather, B., et al, 1997, GuideliDegelopment of
Structural Integrity Programs for DOE Hlgével Waste Storage Tanks, Brookhaven National
Laboratory, BN62527, Vol. 30, Issue 12.
https://inis.iaea.org/searchdearch.aspx?orig_gq=RN:30013320

2. Savannah River Remediation LLC, 2012, Performance Assessment fékrdee Fhnk Farm at the
Savannah River Site, SBR/DA201000128, Rev. 1, p. 85bttps://sro.srs.gov/docs/SRRWDA2010
00128 R1 Part%201.pdf

3. Moran, T.L., Larche, M. R., Denslow, K. M., and Glass Il1,281¥,,NDE Technology Development
Program for No#Visual Volumetric Inspection Technologyechnology Screening Report, Pacific
Northwest National Laboratory, PNRbE328, Rev. 0,
http://www.pnnl.gov/main/publicaions/external/technical_reports/PNNR6328.pdf
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4. Moran, T.L., Larche, M. R., Denslow, K. M., and Glass II1,281¥,,NDE Technology Development
Program for No#Visual Volumetric Inspection Technolag$ensor Effectiveness Testing
Report, Pacific Nothwest National Laboratory, PNME603, Rev.
0, https://www.pnnl.gov/main/publications/external/technical reports/PNMI6603.pdf

5. Moran, T.L., Larche, M. Renslow, K. M., and Glass Ill, S.W., 20NBE Technology Development
Program for No#Visual Volumetric Inspection Technolagi?hase | Summary Report, Pacific
Northwest National Laboratory, PNKE924, Rev. 1,
http://www.pnnl.gov/main/publications/external/technical reports/PNN26924REV1.pdf
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PROGRANDFFICEVERVIEWOFFICBFFOSSIENERGY

The U.S. Department &y SNH&é Qa h¥FAOS 2F Cc2aairf 9ySNHe& oC90 |
its continually growing need for secure, reasonably priced and environmentally sound fossil energy supplies.
C9Qa LINARYIFNE YA&aairzy Aa tdrdy obtyadittmNiSesauices foycleanisecyire abd y
affordable energy while enhancing environmental protection.

Fossil fuels are projected to remain the mainstay of energy consumption (currently 80% of U.S. energy
consumption) well into the next centur Consequently, the availability of these fuels, and their ability to
provide clean, affordable energy, is essential for global prosperity and security. As the nation strives to reduc
its reliance on imported energy sources, FE supports R&D to prometeetture, efficient and
SYGANRYYSylGlftte a2dzyR LINRPRdzOGAZ2Y YR dzaS 2F ! YSN.
infrastructure.

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

20. CARBON STORAGE THOHDGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

CORBTORAGE R&[Tore Storage R&D involves both applied laboratang pilotscale research faused on
developing new technologies and systems for geologic storage. Core Storage R&D encompasses three
Technology Areas: (1) Geologic Storage Technologiesmnth8on and Risk Assessment; (2) Moring,
Verification, Accounting (MVA), and Assessment; and (3) Carbon Use and Reuse.

For the Carbon Use and Reuse Technology Area, the objective of the research is to boost the commodity
market for CQ The metrids to develop utilization technologies that cost less than $10 per metric ton pf CO
while making no additional contribution to @@missions. The concept of converting-@@o a valued proe

uct and commodity, and possibly accelerating the implementatib@CS, has attracted interest worldwide.

DOE is the lead agency supporting research and development of technologies to ensure that greater than 99
of injected C@remains permanently stored in deep geologic formations. Carbon storage research conducted
in the near and long term will augment existing technologies to ensure permanent storage foir @@

emerging C@storage industry.

To advance CCS toward commercial deployment priority research areas for the Carbon Storage Program
include improvedvellbore integrity and fluid mitigation assessment; enhancements to subsurface monitoring
technologies at reduced cost; advancements in intelligent monitoring systems developed or adapted for
commercialscale CCS sites; and transformational tools, serssatsnethods for accurately characterizing the
subsurface including faults, fracture networks, and fluid flow.

Grant applications must include a succinct discussion of the potential technical and economic advantages of
the proposed technology, as comparedexisting stateof-the-art systems.

Grant applications are sought in the following subtopics:
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a. High Volume Subsurface Monitoring Data Processing and Minimization
In order to ensure permanent storage of @the subsurface, a complex network of sensanes being
developed to monitor and track the migration and location ob@@ing and after injection operations.
The data from these sensing and monitoring sources needs to be transmitted to the surface, integrated,
and analyzed so that storage secuggn be confirmed and decisions can be made relative to operations.
The volume of data from these sources is expected to be significant and presents a challenge in terms of
transmitting to the surface.

NETL is seeking applicants to build the capalditgduce or better manage these large volumes of data
from new monitoring systems that include distributed fiber systems, nanosensors, and passive and
continuous source monitoring. Current systems are limited in terms of bandwidth and data storage. Edge
computing (e.g., Raspberry pi) is technology option that can help manage such large volumes of data by
performing some of the needed analysis at the top of the well, or perhaps even downhole.

Grant applications are sought with the capability to reducevbkimes of data that need to be

transmitted or stored by prérocessing the data to create smaller volumes of derivative data to enable
reaktime decision making. Some of the technical challenges that will need to be overcome to achieve this
goal are: 1jhe ability to migrate new algorithms from the cloud (where they are developed) to the edge
(where they are needed for continuous improvement); 2) the ability to integrate derivative data from
multiple edge locations; and 3) the ability to accommodate ltle&erogeneity of various

hardware/software platforms that exist at a site.

Questions Contact:Andrea McNemarandrea.mcnemar@netl.doe.gov

b. Telemetry Systems for Deep Subsurface Monitoring
I Ga2yxBARNWVDE GA2Yy > YR ! 002dzyiAy3a da+! 0é LINEII
carbon dioxide (C£pin geologic formations through monitoring techniques that are reliable and cost
effective. Monitoring technologies are used to ensure that treatmn of the CQis confirmed and that
the CQ will remain within the injection reservoir. Critical to this effort is the placement of sensors
(pressure sensors, geochemical sensors, etc.) in direct contact with the various reservoirs (injection
reservoir abovezone monitoring interval) to perform resime monitoring of meaningful parameters.
Operating permits for geologic storage projects under the Safe Drinking Water Act and Clean Air Act
require this monitoring to account for stored €é&nhd to ensurehat potable groundwater sources and
sensitive ecosystems are protected.

Presently there are two methods utilized to deploy Fiale sensors in contact with a reservoir: a) inside a
well casing with perforations through the casing and cement annulub, amtumbilical strapped to the
tubing, or b) mounted on the outside of the well casing in the cement annulus, with the umbilical running
up the outside of the casing in the annulus. Putting the sensors inside casing requires the well to be
completed for ful well control, with acieresistant casing, tubing, packer assembly, and wellhead. Placing
the sensor outside of an unperforated casing allows for easier well completion and access flapsae
logging, VSP, etc., but the umbilical in the annulus istarpial CQ leakage pathway.

Grant applications are sought for advanced telemetry systems, while maintaining the integrity of the well,
eliminate the need for an umbilical in the annulus for external casing sensors that are utilized fiimesal
monitoring. Since the sensor is permanently placed in a cerfibedl annulus, a robust and stable

telemetry system is required to power the sensor and transmit the acquired data to monitoring systems at
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the surface. These downhole telemetry systems will be m@glto operate at minimal reservoir

conditiong pressure 5,000 psi, temperature 150 ° F, and in the potentiallyplavenvironment of a CO

filled saline reservoir with minimal total dissolved solids (TDS) of 100,000. The system can be tailored to ¢
specifc sensor but preference will be given to systems that will service a variety of downhole sensors.

Questions Contact:Andrea McNemarandrea.mcnemar@netl.doe.gov

Nanosensordor Deep Subsurface Reservoir Monitoring

Subsurface storage of @@quires a suitable setting at significant depth from the surface (greater than
2,500 feet depth). Monitoring regimes for carbon storage are utilized to confirm the location of the CO
assuring that it remains contained, and assessing potential future risks posed by the injeet&sive

the depth and extreme conditions, monitoring and tracking of the injectegd€xents a challenge.

Currently, monitoring methods that are deployed the surface or through a vertical wellbore are the

only mechanisms available to monitor the {3@rage reservoirs. These take two forms; a) Wwaked
downhole sensors that investigate a small area in close proximity to the well with high resolutibb) an
nor-invasive forms of threglimensional imaging from the surface (e.g. thapse surface seismic) that
monitor over large areas but with greatly reduced resolution and inherent repeatability issues due to the
operating environment.

Grant applicatios are sought to perform higtresolution 3D monitoring of injected G®om inside the

reservoir utilizing nanoparticles. These nanoparticles must be small enough in size to freely move througt
the formation pores to clearly monitor GOr measure reservoir properties (e.g., porosity and

permeability), or mineral distribution, or pressure, or stress throughout the reservoir at high resolution.
Potential parameters for the nanoparticles to monitor could include reservoir pressure, vadieitys fluid

pH, fluid geochemistry, or GOoncentration.

Questions Contact:Andrea McNemarandrea.mcnemar@netl.doe.gov

. CQ Use and Reuseg Plasma Technologies

With over 5 billion metric tons of@ emissions in the United States in 2017, utilization and conversion of
CQ into valueadded chemicals, fuels, polymers, building materials, and other carbhsad products
represents a key economic opportunity. £13e and reuse technologies can redusemll CQemissions
and offset C@capture costs by generating valuable products. In addition tpedissions from electric
power, industrial C@emissions provide an opportunity for utilization of &Mder different conditions

and concentrations and nygorove to be more applicable for €@se and reuse technologies. The
objective of the DOE carbon use and reuse R&D effort is to develop technologies with the potential to
transform CQin valuable products in an efficient, economical and environmentabydly manner. The

use of C@to produce products may require less energy, less reagents, and generate less waste than
production from petroleum or natural gas feedstocks, which can significantly loweyiife carbon
footprints. CQ conversion, eitheby pure CQ@splitting or conversion in combination with a-oeactant

such as CKH, or HO, can be energy intensive due to the high thermodynamic stability af&@ will
require novel and innovative technologies to become commercially viable. Ptastmaologies have many
advantages over traditional G@onversion pathways and may provide a unique and economical process
for the utilization of anthropogenic GO

Plasma technologies provide gas activation by energetic electrons instead of heat, gllowin
thermodynamically difficult reactions, such as>@@litting, to occur with reasonable energy costs. Plasma
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technologies can also be easily switched on and off which is compatible with intermittent renewable
energy and loadollowing applications. The nsbcommon types of plasma reported in the literature are
dielectric barrier discharges (DBDs), microwave (MW), and gliding arc (GA); however, other types, such &
radiofrequency, corona, glow, spark, and nanosecond pulse discharges, have also beenirstheied
literature. Depending on the type of plasndifferent CQ conversions and energy efficacies have been
reported. In terms of energy efficiency, a target of at least 60 percent energy efficiency has been
suggested for plasma @€onversion to be competitive with other technologies. Plasma tends teebg
reactive and not selective in the production of targeted compounds. Therefore, plasp@o@¥&rsion
technologies may need a catalyst to increase selectivity and produce targeted compounds. Low conversic
of CQ could also require postreaction sepéicm of the products from the reactants and may be cost
prohibitive.

Proposals are sought to convert £20 high value chemicals or fuels using plasma technologies in an
economically viable process, overcoming challenges associated with energy effiGiéocynversion and
selectivity.

Questions Contact:Andrea McNemarandrea.mcnemar@netl.doe.gov

e. Other
In addition to the specific subtopics listed, FE invites grant applications in other areadlithathia the
scope of topic description provided above.

Questiong; Contact:Andrea McNemarandrea.mcnemar@netl.doe.gov

References: Subtopics a,b,c:
1. U.S. DOE Office of Fossil Energy, 2014, Carbon Storage Technology Program Plan.
http://www.netl.doe.qgov/File%20Library/Research/Coal/carbstorage/PrograrnPlanCarbon

Storage.pdf

2. US Department of Energy, 2017, Accelerating Breakthrough Innovation in Carbon Capture, Utilization
FYR {d2N}3SY wSLRNI 2F (GKS ailadadaizy Lyyz20FGaAz2y
Workshop, p. 291.
https://www.energy.gov/sites/prod/files/2018/05/f51/Accelerating%20Breakthrodg0Innovation%
20in%20Carbon%20Capture%2C%20Utilization%2C%20and%20Storage%20 _0.pdf

3. National Energy Technology Laboratory, 2018, Proceedings of the 2018 Mastering the Subsurface
Through Technology Innovation, Partnerships and Collaboration: Carbon Samch@®l and Natural
Gas Technologies Review Meeting, U.S. Department of Energy.
https://www.netl.doe.gov/events/conferencgroceedings/2018/2018nasteringthe-subsurface
throughtechnologyinnovationpartnershipsand-collaborationcarbonstorageand-oil-and-naturak
gastechndogiesreview-meeting

References: Subtopic d:
1. Office of Fossil Energy, 2014, Carbon Storage Technology Program Plan, U.S. Department of Energy,
70. http://www.netl.doe.gov/File%20Library/Research/Coal/carbsiorage/PrograrPlanCarbon

Storage.pdf
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2. Bogaerts, A. and Neyts, E. C., 2018 rdasechnology: An Emerging Technology for Energy Storage,
ACS Energy Letters, Vol. 3, Issue 4, p.-1023.
https://pubs.acs.org/doi/abs/10.1021%2Facsenerqylett.8b00184

3. Puliyali > | ®X WdzN] 20A063X 5® [ &> 51 &A NBR Rassisted Qataytid |
Conversion of Gaseous Carbon Dioxide and Methane into Malded Platform Chemicals and Fuels,
RSC Advances, Vol. 8, Issue 48, p. 224808.
https://pubs.rsc.org/en/content/articlehtm|/2018/ra/c8ra03146k

4. Snoeckx, R. and Bogaerts, A., 2017, Plasma Techgaldipvel Solution for CO 2 Conversion?,
Chemical Society Reviews, \Af, Issue 19, p. 5868863.
https://pubs.rsc.org/en/content/articlehtml/2017/cs/c6cs00066e

21.RARE EARTH ELEMEANDB CRITICAL MINERAL

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

The DOE-E and NETL is supporting the research and development of technologies to economically extract
rare earth elements (REEm)d critical minerals (CMs) in an environmentally sustainable manner from coal

and coal byproducts which includes, but is not limited to, acid mine drainage, mine tailings, fly ash and other
legacy waste streams. Upcoming research in the near and longrterst optimize existing extraction,

separation, and purification technologies as well as investigate transformational, novel approaches to suppor
a sustainable domestic critical mineral industry.

To achieve commercial development of coal and coal jyets for rare earth elements and other critical
minerals, priority research areas for this program include resource characterization; developing portable,
durable field analysis instrumentation; improving conventional processing to reduce costs andherestal
impacts; transformational methods or processes to simultaneously extract and purify elements to increase
efficiency; and prioritize creating an innovative business case for REE and CM projects including the use of
modular systems, generating diverproduct streams, and adaptive processing.

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 arsought in the following subtopics:

a. Production of Rare Earth Metals
The nation needs rare earths to manufacture modern technology, but almost all REEs are imported from
China. In 2017, DOE and NEJported to Congresthat coal and coal bproducts could be viable sources
for a domestic supply of rare earths. While this discovery could potentially place the nation on a path to
independence from foreign sources of REEs, many technical challenges still remain to be addressed.

The technical feasibility of extracting REEs from coal andbes&ld resources was demonstrated in 2017
2018 during conduct of DAE9 ¢ [ Q& C S| & A ®fAREra Baith ERfentsy Braygad Wik had
been initiated in 2014. Currently efforts in the REE Program are being focused on demonstrating the
economic feasibility and scalg to small pilotscale prototype extraction, separation and recovery
systems, prducing high purity, salable, rare earth element oxides (REOs) in FY2020.
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As individual high purity rare earth oxides, phosphates or fluorides, these materials are often used as
automotive pollutiorabatement catalysts (oxides), fluorescent lamps (phosg$latand electrowinning
electrolytes (fluorides). Approximately 40% of mined rare earth production is reduced to metals and
alloys, including most of neodymium (Nd), samarium (Sm), and dysprosium (Dy), for applications such as
neodymium metal for Nd~e B permanent magnets, samarium metal for &0 permanent magnets,
lanthanum (La), cerium (Ce), praseodymium (Pr), and neodymium (Nd) for rechargeable battery
electrodes.

G! YF22N) A&dadzS F2NJ w99 RS@St 2LIYSy (i nd ghd fadi&ting y A (i S
OF LI OAlGe GKIFG O2dzZ R LINRPOS&aa |ye TFdzidzZNBE NI NB ST N
Rare Earth Metals, is (1) to expand technology development beyond producing salable REOs from coal
based resources, ultimately prading rare earth metals (REMSs) for use in intermediate and/or end

product commercial and/or defense equipment; and additionally (2) to advance technology beyond the
current stateof-the-art which utilizes metallothermic high temperature reduction with vetyong

reductants such as lanthanum and calcium, or high temperature fused salt electrowinning whereby rare
earths are dissolved in molten halide salt solutions and reduced by an external direct current power sourc
to produce rare earth metals (REMsan integral part for generating a total domestic product supply

chain. Details on the history and the many techniques for the reduction of rare earths compounds to
metals can be found in Gupta and Krishnamurthy 2005.

This SBIR efforts shall include:
1 Devebpment of advanced new/novel rare earth oxitkerare earth metal (RE®EM) reduction
techniques
1 Production and analytical characterization of small quantities of high purity individual REMs
resulting from advanced new/novel REREM reduction processes

Questions¢ Contact: Charles Millecharles.miller@netl.doe.gov

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

Questiong; Contact: Charles Millecharles.miller@netl.doe.gov

References: Subtopic a:
1. Humphries, M., 2013, Rare Earth Elements: The Global Supply Chain, Congressional Research Servi
p. 27.
https://www.google.@m/url?sa=t&rct=j&qg=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahU
KEwi3xPy6l4HeAhUMmMeAKHexDAVEOQOF|AAeqQICRAC&uUrl=https%3A%2F%2Ffas.org%2Fsgp%2Fc
atsec%2FR41347.pdf&usg=A0vVawlKrTp2b@MN OISixiGO

Lucas, J., Lucas, P., Le Mercier, T., et al, 2@ie Harths: Science, Technology, Production and Use,
Elsevier Inc., p. 370, ISBN: 9780444627445.
https://arizona.pure.elsevier.com/en/publations/rare-earthssciencetechnologyproductionrand-use

2. Gupta, C. and Krishnamurthy, N., 2005, Extractive Metallurgy of Rare Earths, CRC Press, Boca Rator
28-56, ISBN0-415-333407.
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22.0IL & NATURAL GAS

Maximum Phase Ivward Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

While the United States (US) natural gas midstream and transmission systems are extensive, the developme
of unconventional oil resources in multiple bagina particular the Permian Basin in Texas and the Williston
Basin in North Dakotahas outpaced the construction of pipeline taeay capacity. This lack of capacity has
resulted in increased levels of na gas flaring and in some instances, oil production delays. The expansion
of natural gas infrastructure is time consuming due to increased permitting hurdles and competition for
construction crews from other infrastructure projects. These challengegledwvith limits on flaring

volumes, pose a barrier to efficient development of US unconventional oil resources and realization of the
local and national economic benefits that accrue with that development. Flaring natural gas is also a waste of
a valuablenatural resource. New technologies or processes to effectively capture and utilize this methane, as
well as to reduce associated emissions, will provide multiple benefits including economic gains.

In some cases, pipeline capacity expansions will atkettie problem by providing market access within a
reasonable time frame. However, significant flaring will likely continue due to a combination of remote well
pads, variation in associated gas volumes, well drilling and completion schedules, and aitiaatigas

market conditions. Furthermore, as emerging tight oil plays are developed, this situation will likely be
repeated time and again. A number of commercial or-poenmercial technologies exist for capturing natural
gas and converting it into markable products when direct sale of the gas is not feasible. These technologies
include: gas volume reduction through NGL extraction, gas liquefaction (LNG), Hisgbhseh conversion of
methane to diesel (ga®-liquids or GTL), compression to CNG, coneer® methanol or other chemical
products, and conversion to electricity for use in the field via miarbines. However, most of these
commercial technologies, even at modest scales, require a large footprint (multiple tractor trailer sized
equipment pakages) and capital expense that has precluded them from serving as a viable alternative to
flaring.

Further, each unconventional play has its own specific characteristics that make such solutions more or less
applicable in any given case. These chargties include: well density and remote location, variable gas
volumes and rates over time, variable field gas pressure, variable gas composition (including carbon dioxide
content), nature of existing infrastructure, distance to markets, ownership agal issues, and state

permitting regulations, among others.

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 applcations are sought in the following subtopics:

a. Technologies for Capturing and Converting Natural Gas to Useful Products to Reduce Flaring
Development of conversion technologies and processes that would be effective over a wide range of
conditions will regiire breakthroughs in the areas of process intensification and modularization. The ideal
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technology would possess high conversion and selectivity, and involve a minimum number of process
steps. High reaction and mass and heat transfer rates will be s@&get minimize equipment size, while

lower energy inputs will be required due to the lack of utility services at remote locations. Mobile systems
that can be easily commissioned,-demmissioned and relocated to a new site are desirable.

Proposals & solicited for the development of transportable, modular systems for capturing and
converting natural gas to usable products (e.g., CNG, LNG, GTL products, chemicals, electricity) in the fie
as an economic alternative to flaring. Such proposals coutave (but are not limited to):

1 Robust and energy efficient small footprint (single trailer load sized), modular systems (including
gas separation, treatment and compression) capable of converting relatively limited volumes of low
pressure associatedatural gas streams of variable composition into a methane supply suitable as
an inlet feed for commercial micrurbine generator or small scale conversion systems (e.g., LNG,
GTL),

1 Small footprint (single trailer load sized), robust, energy efficiertesys capable of converting a
methane gas stream inlet feed volume consistent with a typical associated gas flare, via into GTL
diesel, methanol or other liquid or solid chemical products,

1 Novel, small footprint, modular, robust and energy efficient teclgas for the direct conversion
(i.e., not including a syngas production step) of natural gas streams into solid or liquid chemical
products.

Questions; Contact: William Finchanwilliam.fincham@netdoe.gov

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

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

References: Subtopic a:

1.

National Energy Technology Laboratory, Oil and Natural Gas Program, U.S. Department of Energy.
http://www.netl.doe.gov/technologies/oigas/index.html

9fftA20X wdX HamMyZ LYy !''YSNAOFQa 1 20GdSad S5NRAREfA
https://www.wsj.com/articles/inramericashottest-drilling-spotvastvolumesof-gasgo-up-in-smoke
1535535001?mod=hp lead pos3

Coombs, E., 2018, Dare to Flare: Bakken Flaring Restrictions Curbing Oil Growth, BTU Analytics.
https://btuanalytics.com/bakkerlaringrestrictionscurbingoil-growth/

WSCE Mini LNG Plants, LNG Global.
https://www.Ingglobal.com/minilng-plant-overview

Verdek LNG Equipment and Solutions, 2018, Cryobox Liquid Natural Gas Compression System.
https://www.verdek.com/pdf/Verdek LNG_Cryobox.pdf

Breidenstein, W., 2013, GasTechno in the Press: Gas Technologies Launches Port&bl¢ Mini
Methanol Processing Package Operations, Gas Technologies LLC.
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http://www.gastechno.com/presssasTechnologigdsaunchesPortableMini-GTEMethanolProcessing
Packageperations.html
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PROGRAMREAOVERVIEWOFFICBFFUSIONENERGSCIENCES

The mission of the Fusion Energy Sciences (FES) program is to expand the fundamental understanding of
matter at very high temperatures and densities and to build the scientific foundation needed to develop a
fusion energy source. This is accomplishedulgrothe study of plasma, the fourth state of matter, and how it
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 sustainalfigsion energy source;

1 Support the development of the scientific understanding required to design and deploy the materials
needed to 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 fundamental understanding of basic plasma sejencluding both burning plasma and
low temperature plasma science and engineering, to enhance economic competiveness and to create
opportunities for a broader range of scienrbased applications.

The next frontier for fusion research is the study af thurning plasma state, in which the fusion process itself
provides the dominant heat source for sustaining the plasma temperature (i.ehesatiihg). Production of
strongly sekheated fusion plasmas will allow the discovery and study of new scigptidicomena relevant to
fusion energy, including the properties of materials in the presence of high heat and patrticle fluxes and
neutron irradiation.

To achieve its research goals, FES invests in flexible U.S. experimental facilities of variougeca&ena
partnerships leveraging U.S. expertise, lasgale numerical simulations based on experimentally validated
theoretical models, development of advanced fusiatevant materials, and invention of new measurement
techniques.

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

Research supported by FES has led to many spinplfitapons 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, and technology relevant to magnetically confinegipas.

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

IMPORTANT CHANGE FOR FY 2BES: is reducing the number of SBIR/STTR topics and subtopicsrgeginn

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 impact for FY 2019 is that the following topics and
subtopics will not be included in F@1®, but are planned to be included in FY 2020.

1 PLASMA APPLICATIONS
1 LowTemperature Plasma Science and Engineering for Plasma Nanotechnology

94


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

Return to Table of Contents

1 LowTemperature Plasma Chemistry for a Cleaner Environment

23.ADVANCED TECHNOLGARD MATERIALS HAFRSION ENRGY SYSTEMS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

Future fusion reactors will present a uniquely hostile environment theludes combinations of high
temperatures, reactive chemicals, large thermatchanical stresses, exposure to high energy plasmas, and
damaging neutron radiation. Developing materials, components, and technologies that not only survive the
extreme fusiorenvironment but also meet objectives for performance, safety, and environmental
attractiveness is an unprecedented challenge. This program is thus interested in proposals aimed at resolving
key scientific and technical hurdles as described in the subsechielow.

| RRAGAZ2Y I Ef&Z I NBOSyld CdzarAz2y 9ySNHe&e {OASyOSa !R
most promising transformative enabling capabilities (TEC) for the U.S. to pursue that could promote efficient
advances toward fusionengdg> 0 dzA f RAY 3 2y O dzNYyAy3d LI I aYlF &A0ASyO
NELR2NIZ GKS C9{!/ &dadzo002YYAUlGSS ARSYGAFTFASR F2dzNJ i
dramatically increase the rate of progress towards fusion. These foucE I NB | R@F yOSR | €
critical temperature superconductors, advanced materials, and novel technologies for tritium fuel cycle
O2yUNRf ® t NRLIRalfa NBE GKSNBET2NB SyO2dzNy 3SR G2 S
address tle topical areas below. The full TEC report can be seen here:
https://science.energy.gov/~/media/fes/fesac/pdf/2018/TEC Report 15Feb2018.pdf

a. Plasma Facin@omponents
The plasma facing components (PFCs) in energy producing fusion devices will experience unprecedentec
high heat, particle, and neutron fluxes, leading to large perturbations and reconstitution of the base
material over the lifetime of the PFChel'goal of this program is to establish the feasibility of PFCs that
meet demanding requirements for performance, core compatibility, and safety.

Grant applications are sought for:

Development of solid PFC8hese PFCs are typically envisioned as spaaigblasma facing materials
(typically tungsten or tungsten alloy) joined to either a watenled, coppetalloy heat sink or advanced,
helium-cooled, refractory heat sink. Research is sought to expl@einnovative tungsten alloys having
good therma conductivity, resistance to recrystallization and grain growth, improved mechanical
properties (e.g., strength and ductility), and resistance to thermal fatigue; (2) novel coatings or bulk
specialized lowZ materials for improved plasma performance;i(Bjovative heat sink and component
designs for enhanced cooling; and (4) innovative joining and fabrication methods for PFC manufacturing.

Development of liquid metal PFCs. Materials of interest included liquid lithium, gallium, tin, or mixture
thereof. Concepts of interest include thin film systems (up to cm scale) with flow speeds ranging from
stagnant to fast flow. Research is sought to expldfg:techniques for the replenishment and control of
stagnant liquid metal surfaces; (2) techniques fag tiroduction, control, and removal of flowing liquid
metal thin films (velocity 0.01 to 10 m/s); (3) advances in materials and interfaces that allow for the
production and control of uniform, welidhered films; and (4) techniques for active control afiiligmetal
surface and flow stabilization in the presence of plasma instabilities (time and space varying magnetic
field).
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Questiong; Contact: Daniel Clarlaniel.clark@science.doe.gov

. Blanket andSafety Technologies

The breeder blanket is a complex, mifltnction, multimaterial engineered system that is designed to
efficiently convert fusion power into electricity and breed tritium fuel by capturing fusion neutrons in
lithium. In addition to theblanket, various other systems requirements include heat transport loops and
exchangers, tritium processors, nuclear shielding, and sensor arrays. The goal of this program is to addre
the challenges in harnessing fusion power through developing a sdfeféicient fuel and heat extraction
system required for a seufficient, electricitygenerating fusion reactor.

Grant applications are sought for:

Development of solid breeder blanket materials, concepts, and technologies. Research is sought to
explae: (1) high density (up to~80%) and/or high breeding ratio materials; (2) materials with increased
structural integrity, thermemechanical properties, and absence of major geometry changes (such as
sintering in pebble beds) in intense radiation environii€8) concepts with increased thermal
conductivities and contact (as opposed to point contacts between pebbles and walls); and (4) tools for
simulation and analysis ofaterials and systems for solid breeders that leverage advanced computational
techniques.

Development of liquid breeder materials, concepts, and technologies. Research is sought to explore: (1)
high breeding capacity materials and designs; (2) innovative breeder materials that are not influenced by
the magnetohydrodynamic (MHD) effect, caperate at high temperatures (400 nn e/ 0 X KI @S
chemical compatibility with current generation reduced activation materials (RAFM steels, ODS steels, Sif
W), and are conducive to tritium extraction; and (3) tools for simulation and analysiatefials and

systems for liquid breeders that leverage advanced computational techniques.

Development of tritium fuel cycle management and processing techniques. Research is sought to explore
(2) tritium (hydrogen) extraction and purification techogles for proposed breeder, coolant, and liquid

PFC working fluids ¢(Bb, He gas, Li, Sn, Ga); (2) simulation tool to predict and model tritium production,
transport, and retention within coolant/breeder loops; and (3) plant level tritium management,
containment, and safety tools and systems development.

Development of requisite breeder blanket diagnostics such as liquid metal flow sensors, tritium
concentration sensors, etc.

Development of neutronics simulation tools for systems level analysis. Teot®aght to explore: (1)
prediction of the fusion Tritium Breeding Ratio (TBR) in breeder blankets; (2) material irradiation damage
calculations, including both displacement and transmutation effects as a function of position and fluence;
and (3) predictia of residual radioactivity for safety and remote handling consideratidasally these

tools are plugns or compatible modules within existing commercial design software codes to enhance the
integration, validation, and adoption of the tools.

Questiors ¢Contact:Guinevere Shaw;uinevere.Shaw@science.doe.gov

Superconducting Magnets and Materials

New or advanced superconducting magnet concepts are needed for plasma fusion confinement systems.
Of particular interest are magnet components, superconducting, structural and insulating materials, or
diagnostic systems that lead to magnetic confinementides which operate at higher magnetic fields
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(14T20T), 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 materials and manufacturing 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 tdibgridto high current cables carrying-80 kA.
Desirable characteristics include high critical currents at temperatures from 4.5 K to 50 K, magnetic fields
in the range 5 T to 20 T, higher copper fractions, low transient losses, low sensitivity talsgeaadation
effects, high radiation resistance, and 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 manufaet of demountable magnets that allow for highly
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 icoayéaq
and butt joints, as well as very high current plaeplate 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 fusn radiation environment that results in high overall 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 interediber optic based devices

and systems that allow for electromagnetic neisemune 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 rapidral redundant quench detection. Novel fiber optic sensors 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 eledtical insulators, e.g., wrap able inorganic insulators 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 flétxilail shear.

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

. Structural Materials and Coatings

Fusion materials and structures must function for a long time in a uniquely énestironment that

includes combinations of high temperatures, high stresses, reactive chemicals, and intensely damaging
radiation. The goal of this program is to establish the feasibility of designing, constructing and operating &
fusion power plant wittmaterials and components that meet demanding objectives for safety,
performance, economics, and environmental impact.

Grant applications are sought for:

Development of current generation reduced activation ferritic martensitic (RAFM) steels technplogies
with a focus on joining and fabrication techniques. Such techniques could include but are not limited to
appropriate welding, hetsostatic pressing, hydroforming, and investment casting methods, as well as
effective post joining heat treatment techniga and procedures. Appropriate fabrication technologies
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must produce components within dimensional tolerances, while meeting minimum requirements on
mechanical and physical properties.

Development of oxide dispersion strengthened (ODS) ferritic steelseechnologies. Approaches of

interest include the development of low cost production techniques, improved isotropy of mechanical
properties, development of joining and fabrication methods that maintain the properties of the ODS steel,
and developmentoh YLIN2E 3SR h5{ aiGdSSta gAGK AYyONBIFaSR 2L

Development of functional materials and coatings for use in fusion reactors. System applications of high
priority include the PH.i breeder blanket concept and liquid metalkiitm, tin, and gallium) PFC concepts.
Research is sought to explore: (1) materials compatibility issues; (2) tritium (hydrogen) permeation
barriers; and (3) electrical insulation materials (to reduce the pressure drop due to the magneto
hydrodynamic (MHDegffects). Proposals must include considerations towards compatibility with the

coated structural alloy and/or working fluid for lostigne operation at elevated temperatures (560n ng¢ / 0 .
including cyclic thermal loading, and potential application isssss@ated with implementation on large
scale system components.

Questiong; Contact: Daniel Clarkaniel.clark@science.doe.gov

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

Questiong; Contact: Daniel Clarllaniel.clark@science.doe.gov

References: Subtopic a:

1. Office of Fusion Energy Sciences, 2009, Research Needs for Magnetic Fusion Energy Sciences, Rep«
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24.FUSION SCIENCE AMHCHNOLOGY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

The Fusion Energy Sciences program currently supports severakfekited experiments with many

common objectives.These include expanding the scientific understandihglasma behavior 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:
plasma paameters, (b) for lowtemperature and multphase plasmas, (c) simulation, control, and data
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analysis for magnetically confined plasmas, and (d) small scale experiments on stellarators, spherical tori, an
reversed field pincheslt is also intended thatancepts developed as part of the fusion research program will
have application to industries in the private sectéurther information about research funded by the Office

of Fusion Energy Sciences (FES) can be found in the FES wdiigité¢/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 aresought for the development 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 capalulitexisting diagnostics, 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 ELMsral disruptions), plasmanaterial interactions, and lonrgulse magnetized plasmas are
particularly welcome. Proposals that have also a broader applicability are encouraged.

All applications should specifically identify the strong potential for commiezatson of the proposed
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 faded by program funds, 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.

Questbns¢ Contact: Matthew Lanctotmatthew.lanctot@science.doe.gov

b. Componentdor Heating and Fueling of Fusion Plasmas
Grant applications are sought to develop components related to the generatamsrmission, 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) Hed#t@©RH / EBW, 28 to 300 GHR)ese 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 sources or 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, circutatanode convertors, windows, output couplers, loads,
energy extraction systems from spent electron beand particle accelerators, and diagnostics to
evaluate the performance of these componen®f particular interest are components that can safely
handle a range of frequencies 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), operatmganga

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, damagefailure during the required long pulse operation
(~3000s).Examples of components needed for the ECRH transmission line include high power loads, low
loss miter bends, polarizers, power samplers, windows, switches, and dielectric bEeadaples of
components needed for the ICRH transmission line include high power loads, tuning stubs, phase shifters
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switches, arc localization methods, and in line dielectric bre&ks.the ECRH and ICRH ITER transmission
lines, improved techniques are needed fbetmass production of components, 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 Sullivabarry.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 discharge feedback and control systems; the design, operation, and performance
assessment of existing and proposed fusion experimenésptanning of experiments on existing devices;
and the interpretation of the experimental data obtained from these experiments. Developing a predictive
simulation capability for magnetically confined fusion plasmas is very challenging because of thetenormo
range of overlapping temporal and spatial scales; the multitude of strongly coupled physical processes
governing the behavior of these plasmas; and the extreme anisotropies, high dimensionalities, complex
geometries, and magnetic topologies charactagzmost magnetic confinement configurations.

Although considerable progress has been made in recent years toward the understanding of these
processes in isolation, there remains a critical need to integrate them in order to develop an
experimentally vatlated integrated predictive simulation capability for magnetically confined plasmas. In
addition, the increase in the fidelity and level of integration of fusion simulations enabled by advances in
high performance computing hardware and associated progresemputational algorithms has been
accompanied by orders of magnitude increases in the volume of generated data. In parallel, the volume o
experimental data is also expected to increase considerably, as U.S. scientists have started collaboration
on anew generation of overseas loflse superconducting fusion experiments. Accordingly, a critical
need exists for developing data 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 addressing some of the challenges described above. Areas of interest include: (1) verification anc
validation tools, including efficient metidls for facilitating comparison of simulation results with
experimental data; (2) methodologies for building highly configurable and modular scientific codes and
flexible useffriendly interfaces; (3) technologies for managing and analyzing large voldmemplex

scientific data; and (4) collaboration tools that enhance the ability of scientists to lead and participate in
experimental operations on remote facilities.

The simulation and data analysis tools should be developed using modern softwaregtexyrshould be
capable of exploiting the potential of current and next generation high performance computational
systems, and should be based on high fidelity physics models. The applications submitted in response to
this call should have a strong poteaitior commercialization and should not propose work that is normally
funded by program funds. Although applications submitted to this topical area should primarily address
the simulation and data analysis needs of magnetic fusion energy science, appsgatbposing the
development of tools and methodologies that have a broader applicability, and hence increased
commercialization potential, are encouraged.

Questiong; Contact: John Mandrekaghn.mandrekas@science.doe.gov
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d. Components and Modeling Support for Validation Platforms for Fusion Science
Smaliscale plasma research experiments in the FES program have theetamgerformance measure of
demonstrating enhanced fundamental understandirfigriagnetic confinement and improving the basis
for future burning plasma experiments. This can be accomplished through investigations and validations
of the linkage between prediction and measurement for scientific leverage in testing the theories and
scding the phenomena that are relevant to future burning plasma systems. This research includes
investigations in a variety of concepts such as stellarators, spherical tori, and reversed field pinches. Key
program issues include initiation and increase lalsma current; dissipation of plasma exhaust power;
symmetrictorus confinement prediction; stability, continuity, and profile control of {aspectratio
symmetric tori; quassymmetric and threalimensional shaping benefits to toroidal confinement
performance; divertor design for thredimensional magnetic confinement configurations, and the plasma
materials interface. Grant applications are sought for scientific and engineering developments, including
computational modeling, in support of current expaents in these research activities, in particular for
the smallscale concept exploration experiments. The proposed work should have a strong potential for
commercialization. Overall, support of research that can best help deepen the scientific founsdattio
understanding and improve the tokamak concept is an important focus area for grant applications.

Questiong; Contact: Matthew Lanctotmatthew.lanctot@science.doe.gov

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

Questions; Contact: Barry Sullivabarry.sullvan@science.doe.gov
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25.HIGH ENERGY DENSRITXSMAS AND INERTRALSION ENERGY

Maximum Phase | Award Amount: $200,000

Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phase | Applications: YES

AcceptingSTTR Phase | Applications: YES

High-energydensity laboratory plasma (HEDLP) physics is the study of ionized matter at extremely high
density and temperature, specifically when matter is heated and compressed to a point that the stored energ
in the mater reaches approximately 100 billion Joules per cubic meter (the energy density of a hydrogen
molecule). This corresponds to a pressure of approximately 1 million atmospheres or 1 Mbar.

Research in HEDLP forms the scientific foundation for developemguscos that could facilitate the transition
from laboratory inertial confinement fusion (ICF) to inertial fusion energy (IFE). While substantial scientific an

103


http://aip.scitation.org/doi/10.1063/1.2928909
http://iopscience.iop.org/1742-6596/46/1/015
http://iopscience.iop.org/1742-6596/16/1/070
http://iopscience.iop.org/1742-6596/16/1/070
http://www.computer.org/csdl/mags/cs/2009/05/mcs2009050058-abs.html
http://www.sciencedirect.com/science/article/pii/S0920379612002025
http://science.energy.gov/~/media/fes/pdf/workshop-reports/2016/ISFusionWorkshopReport_11-12-2015.pdf
http://science.energy.gov/~/media/fes/pdf/workshop-reports/2016/ISFusionWorkshopReport_11-12-2015.pdf
http://www.iccworkshops.org/epr2013/proceedings.php
http://science.energy.gov/~/media/fes/pdf/workshop-reports/Res_needs_mag_fusion_report_june_2009.pdf
http://science.energy.gov/~/media/fes/pdf/workshop-reports/Res_needs_mag_fusion_report_june_2009.pdf

Return to Table of Contents

technical progress in inertial confinement fusion has been made during the past decade, ntla@y of
technologies required for an integrated inertial fusion energy system are still at an early stage of technologice
maturity. This relative immaturity ensures that commercially viable IFE remains-telongbjective.

Research and development actiegiare sought which address specific technology needs (specified below),
necessary to both assess and advance IFE. Given theelongrospects for IFE, applications submitted under
this topical area must also clearly describe their potential/plans fortsterm (2-10 years) commercialization

in other commercial industries such as telecommunications, biomedical, etc.

Grant applications are sought in the following subtopics:

a. Driver Technologies

Inertial fusion energy hinges on the ability to comprasdCF target in tens of nanoseconds and repeat

this process tens of times per second. Thus, the development of technologies is needed to build a driver
(e.g., lasers, heavipns, pulsed power) that can meet the IFE requirements for energy on targeteedfc
repetition rate, durability, and cost. Specific areas of interest include but are not limited to: wavelength
and beam quality for lasers, brightness for lasers and heavy ions, and pulse shaping and power.

Questiong; Contact:Kramer AkliKramer.akli@science.doe.gov

. Ultrafast Diagnostics

The development of ultrafast diagnostics is needed to assess driver and plasma conditions on sub
picosecond time scales. This technology has the potential to enable the development and deployment of
feedback systems capable of ensuring the necessary ilélfalequired for commercially viable IFE.

Specific areas of interest include but are not limited to the generation, detection, and control of nonlinear
optical processes in plasmas.

Questiong; Contact:Kramer AkliKramer.akli@science.doe.gov

Hightintensity Shortpulse Laser Technologies

Advances in HEDLP require access to ultrafast, high intensity lasers with powers typically > 100 TW.
However, such high intensity lasers are presently limited petiéion rates of < 10 Hz. Technical solutions
that will enable the generation of high energy (joldel) laser pulses that can be focused to highly
relativistic intensities at high repetition rate (1AM00 Hz). Important performance parameters include
ultra-high contrast and good focusability.

Questiong; Contact:Kramer AkliKramer.akli@science.doe.gov

. Other

In addition to the specific subtopics listed above, the Department invites grant appfisatiather areas
of laser technologies that address the recommendations in the 2017 National Academy of Sciences repor
GhLILRZ NI dzyAGASa Ay LydSyasS !'ftaNXrFlLad [FaSNaAY wSlH

Questiong; Contact:Kramer AkliKramer.akli@science.doe.gov

References:

1. Fusion Energy Science Advisory Committee, 2009, Advancing the Science of High Energy Density
Laboratory Plasmas, Report of the High Energy Density Laboratory Plasmas Panel obthErtargly
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Sciences Advisory Committee, U.S. Department of Energy, p.184.
http://science.energy.gov/~/media/fes/fesac/pdf/2009/Fesac_hed Ip report.pdf

. National Academies of Sciences, Engineering, and Medicine, 2018, Opportunities in Intense Ultrafast

Lasers: Reaching for the Brightest Light Report, The National Academies Press, Washington, DC, p. 3
ISBN9780-309-467698. hitp://nap.edu/24939
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PROGRAMIREAOVERVIEWOFFICEBFHIGHENERGKFHYSICS

¢KS 321t 2F GKS S5SLINIYSYyd 2F 9ySNHe&Qa o65h9 2N 0
provide mankind with newvinsights into the fundamental nature of energy and matter and the forces that
control them. This program is a major component of the Department's basic research mission. Such
foundational research enables the nation to advance its scientific knowledgteahdological capabilities, to
advance its industrial competitiveness, and to discover new and 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 university anc
national laboratory scientists, using particle accelerators as well as telescopes and underground detectors
located at major facilities in the U.S. and abrobleider the HEP program, the Department operates the Fermi
National Accelerator Laboratory (Fermilab) near Chicago, IL. The Department also has a significant role in th
Large Hadron Collider (LHC) at the CERN laboratory in Switzerland. The Fermilak cuhples the Main

Injector (which formerly fed the now dormant Tevatron ring), which is used to createemgigy particle
0SIYa F2NJ LKeaArAOa SELISNAYSyidas AyOfdzRAYy3I GKS 42N
undergoing upgrades to supddhe operation of Fermilab's present and planned suite of neutrino and muon
experiments at the intensity frontier. Another Fermilab upgrade project calledl PfPoton Improvement

Plan 1) will greatly increase the intensity of proton beams sentéoMiain Injector. The SLAC National
Accelerator Laboratory and the Lawrence Berkeley National Laboratory are involved in the designaf state
the-art accelerators and related facilities for use in hegrergy physics, condensed matter research, and

related fields. SLAC facilities include the three kilometer long Stanford Linear Accelerator capable of
generating high energy, high intensity electron and positron beams. The first two kilometers of the linear
accelerator are used for the Facility for Advanéedelerator Experimental Tests (FACET), now undergoing an
upgrade called FACHT At Argonne National Laboratory resides the Argonne Wakefield Accelerator (AWA)
facility, which houses two test electron accelerators, one for 15 MeV electrons, and thefoti MeV

electrons. Experiments focus on tvib@am and collinear wakefield acceleration as well as tests of novel
accelerator structures and beatine components. Brookhaven National Laboratory operates the Accelerator
Test Facility, which supports ateeator science and technology demonstrations with electron and laser

beams. While much progress has been made during the past five decades in our understanding of particle
physics, future progress depends on the availability of new stétbe-art techndogy for accelerators and
detectors

As stewards of accelerator technology for the nation, HEP also supports development of new concepts and
capabilities that further scientific and commercial needs beyond the discovery science mission. Quantum
information science is another rapidjeveloping area that both benefits from expertise in the HEP

community and offers novel approaches for extending HEP science. The DOE SBIR program provides a foc
opportunity and mechanism for small businesses to contritnge ideas and new technologies to the pool of
knowledge and technical capabilities required for continued progress in HEP research, and to turn these novi
ideas and technologies into new business ventures.

Grant applications must be informed by the ®aif the art in High Energy Physics applications, commercially
available products, and emerging technologies. A proposal based on merely incremental improvements or
little innovation will be considered neresponsive unless context is supplied that conwvigly shows its

potential for significant impact or value to the DOE High Energy Physics program. DOE also expects all
applicants to address commercialization opportunities for their product or service in adjacent markets such as
medicine, homeland secuyif the environment and industry.
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For additional information regarding the Office of High Energy Physics priotit@shere

26. ADVANCED CONCEPTH®ARCHNOLOGY FORREBRE ACCELERATORS

Maximum PhaseAward Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

The DOE HEP program supports a broad research and development (R&D) 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 capable of delivering
beams of the required energy andémsity. 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 develop new concepts and capabilities that fudieatiBc and commercial needs
0S@2YyR 19t Q& RA&AZO2QOSNE aO0OASYyOS YAadaAzyo

In many cases the technology sought is closely tied to a specific machine concept which sets the specificatio
(and tolerances) for the technology. Applicants are strongly encourtgesliiew 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 are not machspecific,
applicants are strongly advised to understand the stafethe-art and to clearly describe in the application

what quantitative advances in the technology will result.

Grant applications are sought only in the following subtopics:

a. Metal powder developmentfor Additive Manufacture
Grant application are sought to develop metal powders for use in Binder Jetting, Direct Metal Laser
Sintering, or Bound Metal Deposition 3D printers. Many accelerator components must be produced from
exotic metals for various beaphysics and engineering reasons. Others require less exotic materials like
copper. Current production methods utilize machining and welding, and make fabrication of complex
geometries difficult, slow, and costly. 3D printing allows complex geometries fallsicated easily and
quickly, but many exotic materials are not available for printing yet. And other metal powders lead-to low
density components not of sufficient quality to withstand welding and gosduction manufacture.
Binder Jetting and Bound &l Deposition printers offer a relatively low cost of entry into metal 3D
printing and use standard Metal Injection Molding (MIM) powders as feed material. Direct Metal Laser
Sintering (DMLS) printers cost more and utilize special uniform grain sizeepoasltheir feed material.
Development of metal powders for any of these 3 printing processes would open 3D printing as an option
for the production of complex accelerator components. Proposals submitted to this topic should be
directed towards the devefament of powders used for specific accelerator components such that those
components meet the required performance standards. This topic does not include the development of
powders for superconducting accelerator components.

Questions; Contact: John Bay, john.boger@science.doe.gov

b. Improved Accelerator Modeling and Control System Software
Grant applications are sought to develop new or improved computational tools for the design, study or
operation ofchargedparticle-beam optical systems, accelerator systems, or accelerator components.
These tools should incorporate innovative graphical user interfaces, and tools to translate between
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standard formats of accelerator lattice description. Grant applicetialso are sought for the upgrade of
existing codes to incorporate these interfaces (provided that existing copyrights are protected and that
applications include the authors' statements of permission where appropriate). The integration of existing
appliation codes into an overall framework is of particular interest.

With regard to accelerator operations, there is a particular need to optimize and modernize existing
control systems. Effective use of improved, rapid online models, together with machminiga

techniques is encouraged. Grant applications are sought to develop innovative graphical user interfaces
that facilitate the design of new or improved control algorithms through effective combination of beam
diagnostics, online models, integrated hifittelity off-line simulation codes, and machine learning
techniques. Novel control schemes for higitensity rapid cycling synchrotrons are required in order to
optimize injection, capture, and acceleration. Effective use of existing facilities fargesid proofof-
principle experiments is encouraged.

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

High Gradient Accelerator Research and Development

Grant applications are sought to devplan integrated framework to facilitate accelerator modeling in the
simulation workflow of the ACE3P code suite. A graphic user interface (GUI) has recently been developec
for ACE3P, which has simplified significantly the setup of an application andojalission to remote
high-performance computing (HPC) resources. However, ACE3P uses several advanced tools and toolkit:
its pre-processor and pogprocessor for defining geometric models, generating meshes, data analysis and
visualization. Integrating #se tools and toolkits into the existing GUI to make a standalone framework

will allow end users to work with a single software package without the need to manage their own
computation resources. Simulation at conventional HPC centers such as NERSQdbasad platforms
provides different capabilities and benefits with respect to the scientific and industrial commuriseh

has its own unique set of configuration requirements and means of managing the computation workflow
of a simulation. The resiittg framework should be able to interface to both types of computational

services from the same application and provide similar process management capabilities. [1]

Questiong; Contact:John Bogegrjohn.bager@science.doe.gov

. High-Current Cathodes

Grant applications are sought for novel design and development of high current cathode using field
emission or other noflaserbased technology for use inside an SRF cavity. Ideas for high average current
(>0.3 A), long life time and inexpensive electron sources for SRF industrial linacs providiggahiyh

beams are sought. [2]

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

. High-EmissivityCoating for Targets

Grant applications are sought for high emissivity coatings (or surface treatment) for refractory metals suct
as tungsten exposed to ionizing radiation and operating in a high to moderateqfrd) vacuum

environment and at temperaturebetween 1,000 and 2,00D. The goal of the high emissivity coating is to
improve the radiation heat transfer and lower the operating temperature of targets exposed to a high
energy proton beam. The coating must survive the effects of intense ionizindispldcive radiation, in
addition to being resistant to oxidation from residual gas in the vacuum environment. [3, 4]

Questions; Contact: John Bogelghn.boger@science.doe.gov
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Non-Linear Magnets forHigh Dynamic Aperture Lattices

Grant applications are sought for ndinear magnets for high dynamic aperture lattices. Beam intensity
limitations in modern particle accelerators are often dominated by the acceptance and/or dynamic
aperture of linear beanoptics lattices. Recently, a solution for bounded Aimear 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 egmiviihear lattice. It was shown

that an 10 magnetic lattice could be used to design an integrable Rapid Cycling Synchrotron (iRCS) with ¢
much higher current than existing synchrotrons. [5]

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

g. Novel Beam Optics for Highntensity Hadron Synchrotrons
Grant applications are sought for the development of new concepts in beam optics and lattice design for
the efficient acceleration of higimtensity halron beams in synchrotrons with beam losses of less than 1
W/m. Topics of interest include: (1) Concepts for Higfensity, rapid cycling synchrotrons; (2) Space
charge mitigation techniques; (3) Nonlinear integrable optics and related concepts; amct@groptics
techniques. Approaches that make use of electron lenses, includinditlahy modeling of electron lens
performance, are of particular interest. Effective use of existing facilities for fmepfinciple experiments
is encouraged. [6,7]
Questiong; Contact: John Bogelghn.boger@science.doe.gov

h. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas
that fall within the scopef the topic description above.
Questionsg Contact: John Bogejghn.boger@science.doe.gov

References:

1. Advanced Computations, 2018, Materials for CW16, SLAC.
https://confluence.slac.stanford.edu/display/AdvComp/Materials+for+ CW16

2. Fermilab National Accelerator Laboratory, 20R8ton Improvement Plafl, Rev. 1.1, p. 48.
http://projectx-docdb.fnal.qov/cgi
bin/RetrieveFile?docid=1232:filename=1.2%20MW%20Report Rev5.pdf:version=3

3. Hurh, P., Ammigan, Kdartsell, B., Tschirhart, R., et al, 2013, Targetry Challenges at Megawatt Proton
Accelerator Facilities, Proceedings of the 4th International Particle Accelerator Conference, THPFI082
p. 34843486.http://accelconf.web.cern.ch/accelconf/IPAC2013/papers/thpfi082.pdf

4. Bartosze, L., Barnes, E., Miller, J. P., Mott, J., et al, 2015, Mu2eTechnical Design Report, Fermilab
National Accelerator Laboratory, p. 888tps://arxiv.org/abs/1501.05241

5. Antipov, S., Broemmelsiek, D., Bruhwiler, D., Edstrom, D., et al, 2017, IOTA (Integrable Optics Test
Accelerator): Facility and Experimental Beam Physics Program, Journal of Instrumeatidr2,
T03002, p. 45http://iopscience.iop.org/article/10.1088/1748221/12/03/T03002/meta
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6. Shiltsev, V. D., 2016, Electron Lenses for SQpdiders, Springevelag New York, p. 188, ISBN: 978
1-49393317-4. http://www.springer.com/us/book/9781493933150

7. Raja, R. and Mishra, S., 2010, Proceedings of the Workshop on: Applications of High Intensity Proton
Accelerators, World Scientific Pub. Co, Inc., p. 360, ISBM&ZAB17283.
http://www.amazon.com/ApplicationdHighIntensity-Proton-Accelerators/dp/981431284

27.RADIO FREQUENCY AERATOR TECHNOLOGY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

Radio frequency (RF) technology is ategyinology common to all high energy accelerators. RF sources with
improved efficiency and accelerating structures with increased accelerating gradient are important for keepini
the cost down for future machines. DEP seeks advances directly relevartlEP applications, and also

ySg 02y OSLIIa FYyR OFLIOATAGASE GKFG FTdzZNOIKSNJ a0ASYy
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 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 camared non responsive.

For subtopics that are not machispecific, applicants are strongly advised to understand the sibtthe-art
and to clearly describe in the application what quantitative advances in the technology will result.

a. Low Cost RadiorEquency Power Sources for Accelerator Application
Low cost, highly efficient RF power sources are needed to power accelerators. Achieving power efficienci
of 70% or better, decreasing costs below $2/p#&fktt for shortpulse sources, and below $3/avemg
Watt for CW sources are essential. Sources must phase lock stably (<1 degree RMS phase noise) to an
external reference, and have excellent output power stability (<1% RMS output power variation). Device
lifetime must exceed 10,000 operating hours. Vacuduive based sources should be designed to operate
at <100kV beam voltage to improve reliability and reduce cost of required HV systems. Priority will be
given to applications that develop RF power sources operating at frequencies that are in widespraad use
the large Office of Science accelerators. For normal conducting accelerators, micropetseihigh
peakpower sources are needed that operate abénd or higher frequencies. The peak output power of
individual sources is flexible, but must be corilpl@ with delivering ~100 MW/meter to compact
accelerators. The source must support >0.1% duty factor operation. For superconducting accelerators,
both millisecondpulsed and CW sources are needed that operatelznd frequencies. The peak output
power of individual sources is flexible, but must be compatible with delivering ~100 kW/meter to high
power accelerators. If the source is not CW capable, it must support >5.0% duty factor operation.

Radiofrequency power sources of particular interest include:
1 The magnetron, provided it is adapted to include control of output power by, e.g., using a grid, and
stable phase control by introducing, e.g., injection locking;
1 The Klystron, provided it is adapted to significantly increase power efficiency and reaktce
1 Solid state power amplifiers, provided the high cost per watt can be significantly reduced.
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Applications must clearly articulate how the proposed technology will meet all metrics listed in this
section.

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

b. High Efficiency High Average Power RF Sources
Future high power accelerators will require highly efficient sources of megaslats radiofrequency
power. R&D to significantiynprove the power efficiency of higaveragepower (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 R®OQ with a pulse format (peak per, 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 avega power by scaling, coherent combination, 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.

Questiong; Contact: Eric Colb¥ric.Colby@science.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.

Questims¢ Contact: John Bogejghn.boger@science.doe.gov

28.LASER TECHNOLOGY R&BR ACCELERATORS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

Lasers are used or proposed for use in many areas of accelerator applications: as drivers for novel accelerat
concepts for future colliders; in the generation, manipulation, andyseeding belectron beams; in the
generation of electromagnetic radiation ranging from THz to gamma rays; and in the generation of neutron,
proton, and light ion beams. In many cases ultrafast lasers with pulse lengths well below a picosecond are
required, with exellent stability, reliability, and beam quality. With applications demanding ever higher fluxes
of particles and radiation, the driving laser technology must also increase in repetitianaatehence

average power to meet the demand. Please note that pragals submitted in this topic should clearly
FNOAOdzE I 0S GKS NBtS@FyOS 2F GKS LINRPLR&ASR wgs5 (2

This topic area is aimed at developing technologies for ultrafast lasers capable of high average power

(kilowatt-class) operating at the high eleictalto-optical efficiency (>20%) needed for advanced accelerator
applications.
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Accelerator applications of ultrafast lasers call for one of the following four basic specifications:

Type | Type Il Type Il Type IV
Wavelength (micron) | 1.52.0 0.82.0 2.05.0 2.0-10.0
Pulse Energy 3 microJ 3J 0.03¢1J |300J
Pulse Length 300 fs 30¢100 fs | 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%
BeamQuiality M2<1.1 Strehl>0.95 M?<1.1 M2<1.1
Wallplug Efficiency | >30% >20% >20% >20%
PrePulse Contrast | N/A >10° N/A >10°
CERcapable Required N/A Required | N/A
Optical Phase Noise | <5° N/A <5 N/A
Wavelength Tunability 0.1% 0.1% 10% 0.1%
Range

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

a. Cost Reduction of Ultrafast Fiber Laser Components
One route to achieving high peak and average power is to coherentlyinerttte output of many (e.g.
thousands of) ultrafast fiber lasers. In this case, power efficiency, beam quality, compactness, reliability,
stability, and low cost of the individual lasers are each essential. Note that components and subsystems
must be devéoped for propagating and amplifying higjuality (M2<1.2) ultrafast (<108) laser pulses.
Proposals that develop integrated subsystems (e.g. a soiglanel fiber amplifier chain) will be given
highest priority, although proposals for individual compats 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 are highest priority, Tm:fiber components are also encouraged.

Questions; Contact: Eri€Colby eric.colby@science.doe.gov

b. Novel, Scalable Techniques for Carrienvelope Phase Locking of Multiple Fiber Lasers
Combining many fiber lasers coherently for accelerator applications will requiséedtacking 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 (CEP) technology that is robustdetyand applicable to large numbers of
fiber lasers is aaght. Novel architectures employing either continuum generation or direct comb
generation by optical parametric oscillator techniques to enablehoige £2f locking are sought.

Proposed systems must not contain any fisgEce optics, and priority whle given to highly integrated
solutions that minimize the number of fiber connections required. Locking system must demonstrate a CE
locking performance better than 45 degrees RMS of optical phase, and a credible technology path must
exist to economicallpchieving less than 5 degrees RMS locking performance, when measured between
any two stabilized fiber lasers. Systems suitable for use at 1Q kB@ MHz repetition rates and any near

IR fiber laser type (Yb, Er, or Tm) are sought.
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Questions; Contact:Eric Colbyeric.colby@science.doe.gov

CeramieBased Optical Materials

To achieve high average power and high peak power will require new gain materials with superior damag
threshold, dopant density, optal bandwidth, and thermal properties. Sintered laser gain materials for
ultrafast lasers offer promise of achieving many of these characteristics. Candidate materials must achiev
broad bandwidth (>10%), high peak power (>10 TW), and endure sustairredvggage power (>kW)
operation. Proposals to develop new laser gain materials and/or advanced sintering techniques for
producing very high quality laser gain media with large apertures (e.g. greater than 4 cm dia) are sought.
The successful proposal wiiclude optical characterization of finished ceramic samples to demonstrate

the optical qualities of the sample, including measurements of spectral absorption, transparency
(scattering), and accuracy of the doping profile. A demonstration of lasing sitn@le ceramic material

(over a small aperture) is highly preferred.

Proposals to develop techniques capable of producing precisely controlled spatial gain profiles are strong
encouraged.

Questions; Contact: Eric Colbgyic.colby@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, putsempression, and nedreld spatial 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 efficiandy

high loss. Volumetric gratings 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 whievill enable scaling of dispersive 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% prefeth diffraction
efficiency (>95% minimum at 1 micron or >90% minimum at 10 microns), and high optical damage
threshold (>0.5 J/cdmat 1 ps or >1@/cn? at 1 ns). Of particular interest are technologies which enable
such improvements while reducing tleest of such components.

Questiong; Contact: Eric Colbgyic.colby@science.doe.gov

. Computer Modeling Based Development of High Power Coatings for Ultrafast Optics

An identified common bottleneck for all high average and high peak power lasers for accelerator
applications is the damage threshold of coatings. Particular interest is in coatings suitable for high power
femtosecondclass pulses. Designing robust optitat will survive billions of shots without damage

requires the development of predictive modeling of laser damage. Accurate plinases predictive

simulation tools must be developed that provide insight into the mechanisms for laser induced damage,
allow strategies to be developed to increase the damage threshold. These predictions must be informed &
experiments to test new coatings.

Proposals are sought for R&D that combines both rigorous simulation efforts andofttite-art
fabrication and teshg of new coatings. Simulations must incorporate current best practices in
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electromagnetic wave theory modeling, the current understanding of lasduwced damage

phenomenology, and result in practical coating designs that are then fabricated and testatidate the

model and new approaches to designing high damage threshold coatings. Proposals focusing on only one
element (e.g. just simulations, or just coating testing) will be administratively declined as unresponsive.

The goal is a scientific undganding of how to produce coatings specifically for femtoseedads lasers
which support 10% minimum bandwidth operation with very low dispersion, very low absorption loss
(consistent with minimal thermallinduced wavefront distortion at incident avega power densities of
100 W/cn¥), and high laser damage threshold (0/6n? minimum at 1 ps pulse width). Coating
techniques must be scalable to large apertures (e.gcri& 10 cm) and coatings should be cleanable in
the field by standard techniques. Welengths of interest are primarily in the nel® from 0.8 microns to 2
microns, but advances in broadband high damage threshold coatings for usan&rons are also of
interest.

Questiong; Contact: Eric Colbgyic.colby@science.doe.gov

f. High Efficiency Spatial Mode Shaping and Control for High Power Ultrafast Lasers
Research on the development of laser plasma accelerators has identified laser transverse model shaping
and control, to ensure highfiiciency guiding in plasma channels, as one of the key challenges.

Grant proposals are sought to develop fully passive (i.e. using no adaptive optics) methods for producing
high Strehlratio (>0.95) Gaussidike farfield profiles from flattop nearfield profiles, for lasers in the
femtosecondclass with tens of Joules of pulse energy. Simplicity, robustness, and cost are key
considerations of such a mode shaping system. Interest is primarily for ultrashort pulse (<100 fs) very higl
peak power (>50 TWIji:Sapphire systems, but mode shapers suitable for ultrafast high energy Tm lasers
are also of interest.

Questiong; Contact: Eric Colbgyic.colby@science.doe.gov

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

Questiong; Contact: Eric Colbgyic.colby@science.doe.gov

References:
1. Office of Science, 2013, Workshop on Laser Technology for Accelerators: Summary Report, U.S.
Department of Energy, p. 4fttp://science.energy.gov/~/media/hep/pdf/acceleratend-
stewardship/Lasers_for_Accelerators_Report_Final.pdf

2. Hogan, M. J., 201&\dvanced Accelerator Concepts 2014: 16th Advanced Accelerator Concepts
Workshop, AIP Conference Proceedings, San JoseYGl.AL777, 010001, ISB8I78-0-735414396.
https://aip.scitation.org/toc/apc/1777/1?expanded=1777
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29.SUPERCONDUCTOR TERIMMGIES FOR PARTIRCEELERATORS

Maximum Phase | Awardwount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

Superconducting materials 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 researct
in highfield superconductor, supercondungy magnet, and superconducting 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 wireltegpés that
support long strand lengths suitable for winding magnets without splices. While the subtopics offer initial
guidance about specific technology areas, the scientists involved are the best source of detailed information
about requirements andelevance to the experimental programs listed above. Applicants are therefore urged
to make early contact with lab and university scientists in order to develop germane proposals. Clear and
specific relevance to high energy physics programmatic needgugree, 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
sciertists in your area of interest contact: Ken Mark&en.marken@science.doe.gov

Grant applications are sought only in the following subtopics:

a. HighField Superconducting Wire and Cable Technologies faghkts
Grant applications are sought to develop new or improved 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 2%id demonstration scale (>1 km lengths) wire technologies at 25
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 aBd4emperature.
Tooling and handling requirements restrict wire crsggtional 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 tempéteaies below 20 K, so higlemperature superconducting wire
technologies will be evaluated only in this temperature rarfg@mary conductors of interest are the HTS
materials BiSpCaCuOg (B+2212), and (RE)BawO; (ReBCO) that are engineered for hfgdid magnet
applications; new architectures or processing methods that significantly lower the cosg®hMhre may
also be of interest. Other materials may be considered if high field performance, length, and cost
equivalent to these primary materiat&in be demonstrated. All grant applications must result in wire
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 minimumincomus
length) for winding and testing cables and subscale coils.

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 éigiperating field; (2)

improved tolerance to property degradation as a function of applied strain; (3) reduced transverse
dimensions of the superconducting filaments (sometimes called the effective filament diameter), in
particular to less than 30 microrters at 1 mm wire diameter, with minimal concurrent reduction of the
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 ahdeging transverse

magnetic fields; (5) correction of specific 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
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or less; (6) signidant cost reduction for equal performance in all regards, especially current density and
length.

Questiong; Contact: Ken Markerken.marken@science.doe.gov

. Superconducting Magnet Technology

Grant appliciions are sought to develop: (1) very high field (20 T and above) dipole magnets; (2) designs
and prototypes for HTS/LTS hybrid solenoid systems capable of achieving 30 to 40T axial fields and warn
02NBa& BAGK I RAFYS({HSNI Xl cddig of @rmubndbEamlpidiio s2cElerdtighii S N
and injection into 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

compéible with the more fragile NésSn and HTS/higheld superconductors; (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 fabrimatmethods for magnets, such as welding and

forming, that lead to lower costs; (7) quench protection in HTS magnets and HTS/LTS hybrid magnets.

Questiong; Contact: Ken Markerken.marken@science.doe.gov

. Superconducting RF Cavities

Grant applications are sought to develop:

(1) new SRF cavity designs with reduced RF frequency sensitivity to the Horeatdetuning and helium
bath pressure fluctuations. (2) New SRF cavity designs for operatiohigititurrent beams. The cavity
should provide efficient higlorder mode extraction while not sacrificing good SRF performance. The goal
of the new designs is to achieve higheder mode loaded quality factors in the 2€10° range for

circular accelerats and 18 ¢ 10* range for linacs. (3) New fabrication and processing 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 ttesiials for SRF cavity manufacturing.

RF components for SRF cavities. A particular application of interest is for industrial accelerators (operatin
at RF frequencies of e.g. 650 MHz) in order to provide low cost, reliability andelongtable operation

(4) New cosefficient and improved reliability designs of higbwer input couplers in the frequency range
of 325 MHz to 1.3 GHz. (5) New ciyodule designs with improved static heat losses, mechanical stability
and low cost. In particularly, the desgshould incorporate features that ensure safe transportation of the
cryomodules from an assembly facility to the final location. (6) 4digdlity low and mediurpower RF
components for SRF cavity tests (directional couplers, circulators, etc.) andtoaeity including fast

tuners providing wide tuner range (£ (7) SRF cryomodule diagnostics that aid in preserving the high
performance achieved by SRF cavities during vertical tests throughout the SRF cryomodule assembly,
commissioning and operatio8) New and improved methods for cavity diagnostics in a cryomodule that
would aid to preserving the high performance achieved by SRF cavities during vertical tests throughout th
SRF cryomodule assembly, commissioning and operation, including in siiee@urements inexpensive
sensors for residual magnetic field measurements at cryogenic temperatures, novel sensors for helium
pressure, flow, and level based on fiber optics or other technologies, vibration sensors in a cryogenic
environment, distributed rdiation and dark current/field emission sensors using fiber optics at cryogenic
temperatures. (9) Algorithms and electronics for resonance control of the nalpawd cavities to

counteract Lorentforce detuning and microphonic noise. (10) In situ cleanin§RF cavities inside the
cryomodule, to mitigate field emission on both niobium andS8i cavities. Plasma cleaning is of interest
since it is already proven to be effective as asitn technique of cleaning the cavisyrface from organic
contaminans. Methods to improve the plasma cleaning technique to remove field emitters of different
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nature, as for example metallic flakes, are of interest. Techniques capable to mitigate field emission in
in the cryomodules are needed to ensure high accelegagiradients in modern and future machines.

Questiong; Contact: Ken Markerken.marken@science.doe.gov

d. Cryogenic and Refrigeration Technology Systems
Grant applications are sought for (1) high thermahdoctivity materials (better than FON/K-m at 4 K) for
use in cryogenic environments; (2) the development of wireless or serial optical technologies for thermal,
voltage, and pressure measurements in cryogenic environments; (3) the development of tigermall
efficient conduction cooled power leads for superconducting magnets through the use of good thermal
intercepts which also electrically isolate. This would benefit all applications of superconducting magnets
and LINACS. (4) The development of simplegzabli = KA 3K LJ2 ¢ S Ndooters kosenaBle I G n
standalone SRF cavity and SC magnet applications for HEP and Industry.

Questions; Contact: Ken Markerken.marken@science.doe.gov

e. Other
In additionto 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: Ken Markerken.marken@sciere.doe.gov
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30.HIGHSPEED ELECTRONICRUBIENTATION FOR BDAACQUISITION AND®BESSING

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amaui$1,100,000

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 ads@sthat can benefit from small business contributions. These
experiments include those planned for the High Luminosity (HL) upgrade of the Large Hadron Collider (LHC,;
seewww.cern.ch) or potential future High Energy Ad#rs, neutrino experiments including those sited deep
underground (e.gwww.dunescience.ong next generation direct searches for dark matter, and astrophysical
surveys to understand dark energy, including casmicrowave background experiments.

We seek small business industrial partners to advance the state of the art and/or increase cost effectiveness
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@ided univesities. While the subtopics offer initial guidance about
specific technology areas, the scientists involved are the best source of detailed information about
requirements and relevance to the experimental programs listed above. Applicants are therefecetarg

make early contact with lab and university scientists in order to develop germane proposals. Clear and speci
relevance to high energy physics programmatic needs is required, and supporting letters from lab and
university scientists are an exceltemay 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 Marsislie@mut.marsiske@science.doe.gov

Grant applications are sought in the following subtopics:

a. 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 and bubynded Complementary Metal Oxide Semiconductor
(CMOS) readout chips. As larger area detectors are reqtorddacking and also for new applications such
as high granularity calorimetry, lower manufacturing cost is needed. For use in high energy physics,
detectors must withstand both ionizing and displacement damage radiation, and they must have fast
signal cdlection and fast readout as well as radiation tolerance in the range 100 to 1000 Mrad and 1E14 tc
2E16 neutron equivalent fluence. Of interest are monolithic CM@&s®d sensors with moderate depth (5
20 micron) high resistivity substrates that can beyfdkepleted and can achieve charge collection times of
20 ns or less. Technologies of interest include deggnd pwells to avoid parasitic charge collection in
CMOS circuitry and geometries with low capacitance charge collection nodes. We aim fedstache
area arrays of sensors with sensor thickness less than 50 microns and pixel pitch of less than 25 microns
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Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

. Engineered Bbstrates for Particle Detectors at High Energy Colliders

Low to moderate gain (x280) reachthrough silicon avalanche diodes (LGADSs) are a proposed sensor type
to achieve ~10 ps time resolution for collider experiments. The current generation of-tieamtigh diodes
suffers from large fractional dead area at the edges of the pixel and only moderate radiation hardness. A
moderately doped thin buried (~5 micron) layer replacing a rehcbugh implant can address some of

these problems. We seek substrasbfication technologies to improve the radiation hardness and

stability of these devices by using graded epitaxy or wafer bonding to produce a buried and moderately
doped (1E16) thin buried gain layer on a high resistivity substrate. We also seek teshtucurange

internal doping of detectors by multiple thick epitaxial layers or other methods to allow engineering of the
internal fields and resulting pulse shape.

Questiong; Contact: Helmut Marsiskéglmut.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 reducest compared to hybrid sensors for elementary
particle physics detectors. Several foundries provide CMOS technology that is compatible with sensor
integration. A similar situation exists for Cha@eupled Devices (CCDs), which are used in astrashysi

and direct dark matter detection. The optimum sensors are fully depleted high resistivity devices, which
require a backside junction. Many applications also demand a very thin entrance window junction. The
foundry processes, however, do not provide misided processing. Adding the junction after the CMOS
processing has been completed is problematic, because the temperature necessary to activate the dopan
would damage the CMOS or CCD structure on the front side. Proposals are sought for novielcosbus
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 anneal
technologies are specifically excluded frtms call.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

. Specialty Wafers and Thick Sensors for HEP Dark Matter Detectors

Proposals are sought for technologies to support prctebn of active bulk rare event semiconductor
detectors. Materials include very high crystal quality silicon, germanium, gallium arsenide and possibly
others. Present devices are based on silicon or germanium with either CGargaedDevices (CCDs),

CMGs imagers, or microalorimeter sensing elements. For silicon, direct wafer bonding technologies have
the potential to increase sensitive detector mass by attaching additional layers of active material and builc
up ~5mm thick sensors with active electraman the surface. Proposed work may include bonding of
existing silicon structures to additional layers of high resistivity material and demonstration of high charge
collection efficiency. For germanium we are interested in production of high quality svef&” diameter,

as well as processing methods and capabilities for complex electronic circuitry on germanium. For galliun
arsenide we are interested in high purity material and precision doping methods. Relevant technologies
needed for processing aboveaterials include fine feature (sutmicron) lithography on noistandard size
elements, such as thick wafers (typically 6" diameter) anchwafer shapes, such as cubes of 1cm or more
on a side.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov
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e. High Density Chip Interconnect Technology
The demands on silicon particle tracking detectors in terms of pixel size, mass budget, data rate, and fron
end processing are increasing. Grant agilons 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 bunlgased technologies. Development of cestective 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. Technologies are sought that
can minimize dead regisrat device edges and/or enable waterwafer interconnection, by utilizing 3D
integration with throughsilicon vias or other methods.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@scienceod.gov

f. RadiationHard HighBandwidth Data Transmission for Detectors at High Energy Colliders
Detector data volumes at future colliders will be nearly 100 times more than today. Single subdetectors
will have to transmit 10s to 100s of Thps. Wiutenmercial off the shelf data transmission solutions will
deliver the needed performance in the near future, these products cannot be used in future colliders for
two main reasons: they will not function in a high radiation environment, and they are eraieoo
massive to be placed inside detectors, where added mass degrades the measurements being made. Twa
main industrial developments are therefore of interest: very low mass, high bandwidth electrical cables,
and radiation hard optical transceivers; é&gpace/Visible Light Communication (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 multiGbps per lane transmission over distances up to 10rnleJabrication using
aluminum, copper clad aluminum, or nenetallic 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 Gbpal be needed. Many off the shelf commercial 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 eqtiaaketherefore

of interest, where 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 approaching 10Gbps, produced from rati@tipnommercially
available components and with high reliability and low cost.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

g. Custom Real Time Massively Parallel Trigger ProcedsorBetectors 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 physical processes. 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 rejecting
background signals.

As an examplet one end of the scale one of the four modules of the DUNE neutrino detector will have to

examine about 0.25 Tetlaits per second of data and be able, within about 1 radcond, to reject
background clutter by a factor of order 1 million. At the other end of the scale an upgraded LHC tracking
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detector must deal with more than one hundred times as much data and reject uninteresting data within a
few microseconds but withrather lower rejection factors of order 1,000 to 10,000.

Current technology can just barely be scaled to the DUNE case and cannot be scaled to the LHC case, st
significant improvements or breakthroughs will be neede@dthese and other nexgeneration sientific
experiments Proposals are sought for new technology to significantly improve real time high speed, low
latency, data communications as well as state of the art fast pattern recognition capability. Examples
include (but are not limited to) boardr module designs with extremely high speed interface capability,

PCB design technologies that are compatible with sgexteration 100G fulinesh backplane or beyond,
technology to integrate modern FPGAs, GPUs or ANNs with such high speed interfacéyapabil
application tools or methods to improve the ability or ease of use of commercial FPGAs, GPUs or ANNS t
rapidly separate interesting event features from uninteresting data, and/or custom ASIC chips dedicated
for fast pattern recognition such as conteaddressable memory or other novel pattern recognition

engines.

Questions; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

. Frequency Multiplexed DAQ Systems Motivated by Cosmic MicromAsekground Detectors
Future CMB experiments will have large focal plane arrays with ~500k superconducting detector element:
for optical, neaflR, millimeter and microwave astronomical surveys.

Grant applications are sought for the development of dataugsitjon systems for these arrays and for
detectors needing similar systems. Areas of development includenwse cryogenic amplifiers (HEMT,
SQUID, Parametric, etc.), higknsity cryogenic interconnects, hifiiequency superconducting flex
circuits, aml specialized electronics for processing large numbers of frequency domain multiplexed RF
signals.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

Electronic Tools foPicosecond (ps) Timing

High precision timing measurements in next generation detectors will require the development 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 referece clock with jitter of 5 ps of less and precise frequency stabilization is needed.
Such a clock system needs to distribute the clock to multiple detector components distributed by distance
of order ten to twenty meters. Custom radiatidrard ASIC devicedll eventually be needed for many

such high precision uses, but neadiation hard demonstration systems meeting ps or-pslsensitivity

and stability are of immediate interest.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

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: Helmut Mrsiske helmut.marsiske@science.doe.gov
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31.HIGH ENERGY PHY®IESECTORS AND INSVIRNTATION

Maximum Phase | Award Amount: $200,000 Maximum Phasd Award Amount: $1,100,000

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

High Energy Physics experiments require specialized detectors for particle and radiation defecaon.
example, lngh-priority 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 for the High
Luminosity (HL) upgrade of the Large Hadron Collidd€{ seavww.cern.ch) or potential future High Energy
Colliders, neutrino experiments including those sited deep underground ¥eagv,dunescience.org next
generation direct sarches for dark matter, and astrophysical surveys to understand cosmic acceleration,
including cosmic microwave background experiments.

We seek small businessto advance the state of the art and/or increase cost effectiveness of detectors
needed for he 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 defined and shortcomings of existing
technology identified. Improvements in the sensitivitgbustness, and cost effectiveness are sought. R&D
towards these ends will typically be in progress at DOE national laboratories and/efluBd&d universities.

While the subtopics offer initial guidance about specific detector areas, the scientistgad\anie 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 proposals. Cleand 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 witiesris strongly encouraged. For referral

to lab and university scientists in your area of interest contact: Helmut Marsiske,
helmut.marsiske@science.doe.gov
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Grant applications are sought in thellbwing subtopics:

a. Lower Cost, Higher Performance Visible/(V)UV Photon Detection
Detectors for particle physics need to cover large areas with highly sensitive photodetectors. Experiments
require combinations of the following properties: 1) Large photsstéve area, compatible with cryogenic
and/or high pressure operation, and built with ledioactivity materials for neutrino and dark matter
detectors; 2) Fast response, radiation hardness, magnetic field compatibility, and high quantum efficiency
for LHC and intensity frontier experiments; and 3) 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 modeaAR{3s, SiPM arrays, large
area microchannel platbased systems, new alkali and ralkali photocathode materials, and high

volume manufacturing of largarea, ultra clean, sealed vacuum assemblies.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

b. Technology for Large Cryogenic Detectors
Liquid noble gas detectors are in use and under development for dark matter and neutrino experiments
and in the latter case on a very largeake¢ for exampleas large as 10 kton modules of liquid argon for
the DUNE experiment. These large scale cryogenic detet@©E and in the wider HEP community
require significant technological advances.

Electrical feedthroughs through cryostat walls are needed for low voltage power (1 to 10 V, a few
Amperes), high speed differential signals (up to 3 Gb/s), low frequency and voltage monitoring and contra
signals, and High Voltage (up to 600kV) low curi@tbias supplies. A typical case might require order

one thousand low voltage power, signal and control wires penetrating the cryostat wall at one location,
while HV connections would likely have dedicated feedthroughs. These penetrations need to be area
efficient, minimize cold leaks, and control contamination. Feedthroughs are generally warm (i.e., the
interior cable enters the cryostat in the gas rather than liquid phase) but in some instances cold
feedthroughs (i.e., entry directly into the liquid) amequired or would be advantageous. In such cases the
pressure head could reach 3 atmospheres.

Purification materials and filtration systems for efficient operation of high purity rkilliton cryogenic
noble liquid systems are needed. Filtration systemsethods that can efficiently remove trace amounts
of Oxygen and Nitrogen are needed for all detectors.

Present commercial chip packaging and mounting technologies can, at cryogenic temperatures, put
mechanical stress on the silicon die which distbg bperation of the circuit. Low cost and robust
packaging and / or interconnect solutions that did not introduce such stresses would be of advantage
especially in the case of large area circuit boards (> 0.5 m on each edge).

Methods of ensuring planayi and flatness at the few mm level for tiled arrays of circuit boards covering
areas of up to 12 m x 60 m while allowing for cable routing on the reverse side of those boards are
needed.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov
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c. Cryogenic Bolometer Array Technologies
Future Cosmic Microwave Background experiments and QIS applications will require scalabtieligh
superconducting circuits. Novel fabrication processesneeded to enable larggcale detector arrays
with associated highly multiplexed readout. The development of scalable high density superconducting
interconnects for micrefabricated superconducting devices is also of interest. Development efeluin
(10-100mK base temperature) cryogenic systems suited for operation of large arrays with large
operational cryogenic volumes, cryogéee operation, high cooling power with multiple thermal
intercepts, closegtycle and continuousycle operations are alsaf high interest; so are mechanical
systems and bearings for operation in vacuum at cryogenic temperature, wafer processing combining
niobium metal and MEMS, and fabrication of miniature, ulba loss, superconducting resonator arrays.

Questions; Confact: Helmut Marsiskehelmut.marsiske@science.doe.gov

d. Ultra-Low Mass, HigiRate Charged Particle Tracking
High intensity experiments searching for very rare phenomena, such as nelgsseoherent muoto-
electron conversion and muon decays to es+@r to e- gamma, require precision charged particle tracking
at low momenta in the 16100 MeV/c range. Momenm resolutions of 0.1% are required in order to
mitigate steeply falling physics backgrounds, necessitating-ldwamass designs. We seek technologies
capable of achieving D00 micron position resolution while operating in vacuum and handling average
rates from 10 kHz/cAto 1 MHz./cni. The mass of these sensors and associated cooling and cabling must
correspond to less than 50 microns of silicon per detector layer. Technologies to be considered include
gasfilled aluminized mylar tubes with wall thickss less than 10 microns and thinned CMOS sensors. We
also seek cooling technologies for CMOS sensors able to extract hedtd®H\W) to remote (~1 meter)
heat sinks with minimal mass.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

e. Scintillating Detector Materials and Wavelength Shifters
High Energy Physics utilizes scintillating materials for large calorimeters in colliding beam and intensity
frontier experiments as well abe active medium in some neutrino and dark matter
detectors. Development of radiatiothard (tens of Mrad), fast (tens of narsecond) scintillators and
wavelength shifting materials is of particular interest to the colliding beam community. Developrnent o
fast (tens of nanesecond), wavelengtmatched shifting materials is of interest for liquid argon and liquid
xenon detectors for neutrinos and dark matter. Brighter, faster, radiatiard crystals with high density
are of interest for intensity frontieexperiments as well as colliding beam experiments.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

f. Ultra-Low Background Detectors and Materials
Experiments searching fextremely rare events such as nuclear recoils from WIMP dark matter particles
or neutrinoless double beta decays require that the detector elements and the surrounding support
materials exhibit extremely low levels of radioactivity. The presence of eaer 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 abilityad measure and control radon or surface contamination; 3) Development of
ultra-radio-pure materials for use in detectors; and 4) Manufacturing methods and characterization of
ultra-low- background materials.

125


mailto:helmut.marsiske@science.doe.gov
mailto:helmut.marsiske@science.doe.gov
mailto:helmut.marsiske@science.doe.gov

g.

h.

Return to Table of Contents

Grant applications are sought to develop plasttids and parts from high purity, low radioactivity
polymer raw materials, where the resulting solids and parts preserve the low radioactivity of the original
plastic resins or powder®lastics should have mechanical properties equal to or better than
polyvinylidene fluoride (PVD), and ideally comparable to polyetheretherketones, polyaromatic
etherketones, polyimides, polyetherimides, and polyamideimidiésny components for ultrdow
background radiation detectors, used for detecting rare events inipBysust be made from insulating
materials with low radioactivityTheir uses include functions as structural components, or as substrates
and parts of electronic assembligSonventional methods such as injection molding or extrusion involve
intimate cortact between molten polymer resins and hot metal surfaces, sometimes with additives
present, leading to solids that are significantly more radioactive than the original polymer resins or
powders.The radiecontaminants include natural uranium and thoriuntroduced in dust, radon as a gas
and subsequent progeny implanted during radioactive decay, and potassium from human contact and
present in many oils and other solutions used in proces&fagous 3D printing techniques could
significantly reduce or elimate the introduction of radiecontaminants in the processing from high purity,
low radioactivity powders to finished parts.

Grant applications are sought for the development of d@adioactivity liquid scintillator cocktails that

avoid high volatility glvents and are not environmental pollutants. One of the most rgmice liquid
scintillators to date was produced by the Borexino experiment, but the solvent is pseudocumene, which
has a very low flash point and is a severe marine pollutant. Due to safeterns, the use of hazardous
materials is being either limited or completely eliminated at underground physics laboratories. However,
the need still remains, and a direct replacement does not exist commercially. This includes the use of liqu
scintillaors in active veto detectors, or as the primary detection material. A stretch goal is to reach
uranium and thorium levels of approximately¥@y/g, and the ability to distinguish between gamma and
neutron events is highly desirable. For some applicatidine scintillator must also be water miscible.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

Advanced Composite Materials

Ultimate performance mechanical materials for pgaon support and cooling are of general interest for

HEP detectors. Mechanical structures are used to hold detector elements with micron precision and
stability, with as close to zero mass as possible. Of interest are: novehdes materials with high

thermal conductivity (>20Wm/K for 0.1g/cc) and stiffness; adhesives with very high thermal conductivity
(>4 Wm/K) and radiation tolerance (>100Mrad); low mass composite materials with good electrical
properties for shielding, data transmission or power cocitibn; and radiation tolerant (>100Mrad) low

loss dielectric materials. Improvements to manufacturing processes to take advantage of new or recently
developed materials. Performance and stability from room temperature to cryogenic temperatures (70K
and 4K are of interest.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

Additive Manufacturing

Detectors for particle physics are often characterized by large areas or large vohgedsxquisite
performance and need to be composed of materials that have to withstand harsh conditions, such-as ultre
cold, high pressure or higtadiation environments. Additive manufacturing technologies using Powder

Bed Fusion, based on selected lagmiting or electron beam melting, or Direct Energy Deposition
manufacturing, based on laser otbeam, using a powder or wifed process, are of interest to address
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critical technical challenges in high energy physics. Areas of particular relevanecetsdded cooling
structures, lowmass support structures and micoapillary glass arrays.

Questiong; Contact: Helmut Marsiskéglmut.marsiske@science.doe.gov

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

Questiong; Contact: Helmut Marsiskéglmut.marsiske @science.dapv
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32. QUANTUM INFORMATIGCIENCE (QIS) SUPPOR TECHNOLOGIES

Maximum Phase | Award Amount: $200,000

Maximum Phase Il Award Amount: $1,100,000

Accepting SBIR Phasggplications: YES

Accepting STTR Phase | Applications: YES

Quantum science and instrumentation for neggéneration computing, information, and other fietdshe core

of "quantum information science" (QiSare developing rapidly and present numeraygportunities for

impacts in high energy physics. Quantum sensors and controls, analog simulation, and qubit systems that
specifically rely on or exploit superposition, entanglement, and squeezing of physical states are of particular
interest. This topidocuses on key technologies to support quantum information systems that build on
experience in high energy physics experimental systems, and on further development of quantum informatior
systems for application in precision measurement, simulation, antpeation that advances high energy

physics research.

Grant applications are sought in the following subtopics:

a. Development of Optimal SRF Cavity Geometries for Quantum Information Systems

One promising architecture for quantum computing involves supaidacting Josephsejunction-based
gubits enclosed by superconducting 3D microwave resonators, currently providing the longest coherence
times among all superconducting qubits. Achieving the highest possible quality factor Q of the host
resonators is one dhe identified high impact directions for improving the coherence time of the cavity
jdzo Al &aeadtsSvyaxz Fa GKS adzSNO2yRdzOGAYy3I NBazyl G2 N
environmental decoherence. Furthermore, higQ cavities have been proposedda L2 8aA 0t S @
YSY2NRSaE GKSNB AYyF2NXYIGAZ2Y | 62dzi GKS |jdzZ yiadzy 3
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frequency range for superconducting qubit operation is 6 GHz to 15 GHz. 3D niobium SRF cavities, simile
to those used in particle accebgors, should be able to provide high quality factors in this frequency

range. However, existing cavity geometries are optimized for particle acceleration rather than hosting
gubits. Grant proposals are sought for development of 3D SRF cavity georirethesrequency range of

6 GHz to 15 GHz for hosting superconducting Josepjusation-based qubits. The geometries should be
suitable for scalability from a single SRF cayitigit unit to multiqubit systems.

Questiong; Contact: Altaf Caringltaf.carim@science.doe.gov

. Optimization of Fabrication Techniques for Scalable 3D SRF Structures for Quantum Information System:
Traditionally, 3D niobium SRF cavities for particle accelerators are fabricsitegalectron beam welding

of stamped/hydreformed parts. This approach works well at frequencies below 3.9 GHz. However, future
guantum information science (QIS) systems will likely operate in the frequency range of 6 GHz to 15 GHz
and will consist of manindividual cavityqubit units coupled together. It is very important to-assess the
cavity fabrication and develop new techniques suitable for Hirghquency, scalable SRF structures for QIS.
An example of such technique could be precise machininglitfcelHike structures. Grant proposals are
sought to develop cavity fabrication techniques optimized for scalable 3D SRF structures for QIS.

Questiong; Contact: Altaf Caringltaf.carim@science.dogov

Development of LowTemperature Technologies for QIS Systems

QIS systems operating below one Kelvin (1 K) are growing in scope and cold mass, and potentially includ
next generation cosmic microwave background (CMB) detectors, dark matter searctodeteome qubit
systems for quantum computing, and other quantum sensor technologies operating in thgehiiln (mK)
range. Grant proposals are sought for the development of: (1) 4He/3He hybrid refrigeration systems that
can efficiently sink power dtoth 1 K and mK temperatures, likely requiring separating the dilution
refrigerator circuit from a separate 1 K cryogenic system; (2) High Density Interconnect (HDI) cables for
microwave and RF readouts (frequencieD GHz) operating with high bandwhdand low thermal loss

at mK temperatures that transition to 1 K temperatures; (3)-mower mechanical actuators that can

operate at mK temperatures with low thermal loss; (4) fowise electrical circuit switches operating at mK
temperatures with injeatd noise at the fewguanta noise level; (5) lowoise electronics for excitation and
front-end readout of transmon/SRF cavity mugjtibit systems.

Questiong; Contact: Altaf Carimgltaf.carim@science.dogov

. 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&ed approachesWhile substantial quantum squeezing can be
produced optically, the ability to write that information onto microwave photons in a cavity would
enhance the readout of microwave detectord/ith improveaments in transduction of quantum
information, entanglement could also be distributed among many distant microwave resonators to create
a very large sensor network (using entangled photoisansduction of the full state would allow for
preserving entangiment and other properties from microwaves to optics and back. Many of these
features could be achieved with unidirectional transduction. Grant proposals are thus sought for
production, testing, and/or validation of photodetector systems with high spe&isHz) and high
guantum efficiency (>95%) for the purpose of detecting continuous variable quantum information and
writing it onto microwave photocurrents that are compatible with microwave cavities. Devices that can
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coherently transduce a quantum statefn photonic to microwave degrees of freedom, or vice versa, are
also sought. Unidirectional devices with 50% or more transduction efficiency are desired.

Questiong; Contact: Altaf Caringltaf.carim@sciece.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 Caringltaf.carim@science.doe.gov
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PROGRAMREAOVERVIEWOFFICDFNUCLEABNERGY

The primary mission of the Office of Nuclear Energy (NE) is to advance nuclear power as a resource capable
meeting the Nation's energy, environmental, and national security needs by resolving technical, cost, safety,
proliferation resisance, and security barriers through research, development, and demonstration as
appropriate.

bo9Q&a LINPINI YA INBE FdZARSR o0& UGUKNBS LINA2NARAGe& F2O0dza
1. Maintaining the current nuclear reactor fleet;
2. Encouraging growth for a new advanced reactor pipelbogh near and longefterm), including through
the employment of key privatpublic 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 independgrergy dominance, electricity

grid resiliency, national security, and clean baseload power. America's nuclear energy sector provides over 6
percent of the nation's annual clean electricity production, generates nearly 20 percent of U.S. electmgity fr

a fleet of 99 operating units in 30 states, supports 500,000 jobs, and 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., inclmd nuclear nonproliferation.

¢tKS hFFAOS 2F bdzOf SINJ 9ySNHe&Qa {.Lwk{c¢etw g2N] aoz
Innovation in Nuclear (GAIN) initiatiygeehttps://gain.inl.goy), which provides the ntlear energy community
with access to the technical, regulatory, and 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 nalear fleet.

33.ADVANCED TECHNOLGHDBR NUCLEAR ENERGY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

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

New methods and technologies are needed to address key challenges affecting the future deployment of
nuclear energy and to preserve U.S. leadership in nuclear science and engineering, while reducing the risk o
nuclear proliferation. This topic addressevsral key areas that support the development of crosscutting and
specific reactor and fuel cycle technologies.

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
(ASI) for crosscutting technologies for innovative sensors and measurement technologies to characterize
parameters that directly support existing power reais, materials test reactors, and transient test
reactors; innovative digital technology for use in improving monitoring and control 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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Technology should demonstrate greater accuracy, reliability, resilience, higher resolution, and ease of
replacement/upgrade capability for applications in the nuclear environment and also reduce operations
andmaintenance costs and address regulatory concerns.

The selected technology should support the Gateway for Accelerated Innovation in Nuclear (GAIN)
Initiative and be applicable to multiple reactors or fuel cycle applications, i.e. crosscutting.

Appliations are sought in the following areas:

1 Develop and demonstrate new sensors and instrumentation for advanced plant control, data
analytics, and nuclear applications. Applicants should: develop advanced instrumentation and
communication of data located imigh temperature, high radiation reactor cores; develop smart
multimodal measurement devices to measure unique and complementary parameters
simultaneously; develop new or unique application of materials for sensor development that
support monitoring, cornbls, and communications within harsh nuclear reactor environments;
develop new radiation resistant sensors foraore measurement of: local radiation and
temperature (e.g. soligtate detectors, diamond thermistors); dimensional changes (specifically
diameter and volume) and crack propagation; material properties, such as thermal conductivity,
mechanical properties, thermal expansion, etc.); fission gas release (pressure and composition); ol
other in-core parameters important to reactor safety and/or fyedrformance.

1 Digital monitoring 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, contsylstems, and plant control technologies,
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 transmission 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 powelrgabihd communication
cabling needed for sensors and commnications in 1&C systems.

1 Development of innovative technology for digital/electronic field support systems for nuclear
facilities. These technologies should be integrated and seamless able tocentiament state of
the art technology used at nuclear facilities for real time measurements such as: visual inspections
and accountability; area radiation monitoring via remote monitoring or as part of personnel
dosimetry; access and location monitoriggersonnel access and security tracking; or field worker
G1'SIFR ' LI 5AaLXtFeégd (2 LINPOGARS RSAAIYkSYIAYySSN

Grant applications that address the following areas are NOT of interest for this subtopic and will be
declined: nuclear power plant sedy; homeland defense or security, or reactor building/containment
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, licensing, and site permit issues.

Questions; Contact:Suibel Schuppneguibel.Schuppner@nuclear.energy.gov

For more information on the Afogram visithttps://www.energy.gov/ne/nucleatenergyenabling
technologies
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b. Advanced Technologies for the Fabrication, Characterization of Nuclear Reactor Fuel
Improvements 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 (ATF) @ogneeds, and for advanced reactor fuels including TRISO
particle fuels for Advanced Helium G@soled Reactors [1, 2, 3, 4, 5, 6, 7] and fuels for sodium and lead
fast reactors. Specific technologies that improve the safety, reliability, and perfornmancemal
operation as well as in accident conditions are desired.

1 Provide new innovative ATF LWR fuel concepts, to include fuel and/cladding, with a focus on
improved performance (especially under accident scenarios), and with a priority on ceramic
claddng and 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 advaced automated, continuous or batch mode process techniques to improve TRISO
fueled pebble manufacturing to include: (a) improved fabrication methods for isostatic pressing of
TRISO pebble bed fuel including both the fueled inner region and unfueledkroatar rind using
advanced automated fabrication to replace manual manufacturing techniques, and (b) advanced
methods for nondestructive evaluation testing of TRI@led pebbles.

1 Develop improved fabrication methods for fast reactor fuels and c¢tagplthaterials, especially for
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 applications which require use of the Nacl8cience User Facilities, the Idaho National

Laboratory hot cells and fuel fabrication facilities or the Oak Ridge National Laboratory Advanced Gas
Reactor TRISO fuels laboratory facility [6, 7] to demonstrate the techniques and equipment developed me
be proposed. Actual nuclear fuel specimen tests may be considered for irradiation in the INL Advanced
Test Reactor (ATR) or ORNL High Flux Isotope Reactor (HFIR) but will need to prove technical feasibility
prior to insertion into the ATR or HFIR for inttbn testing. Access to the aforementioned facilities is not
guaranteed as part of this solicitation and must be obtained through a separate GAIN or SBIR/STTR awal

Grant applications that address the following areas are NOT of interest and \d#ictieed: thorium
based fuels, spent fuel separations technologies used in the Fuel Cycle Research and Development
Program [5] and applications that seek to develop new glove boxes or sealed enclosure designs.

Questiong; Contact: Frank GoldneFrank.Goldner@nuclear.energy.gov

c. Materials Protection Accounting and Control for Domestic Fuel Cycles

Improvements and advances are needed for the development, design and testing of new sensor materials
and measurement techniques for nuclear materials control and accountability including process
monitoring that increase accuracy, resolution, and/or radiation hardness, while decreasing intrusiveness
on operations and manufacturing costSpecifically, conges and integration of safeguards and security
features into the design and operation of fuel cycle facilities including: molten salt reactors,
electrochemical recycling facilities, other fast reactors are being sougtant applications are sought
for: (1) Sensors based on radiation detection; (2) New active interrogation methods; (3atliation
based sensors (stimulated Raman, lageluced breakdown spectroscopy, fluorescence, etGlant
applications are also sought for the development of newthods for data validation, data integration, and
real time analysis with defenga-depth and knowledge development of facility state during operation.
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Detectors that may indicate unauthorized materials diversion can be equally useful in identifying system
upsets and the need for process control chang@sant applications are sought for the development of
dualuse as well as single purpose instruments and detectors.

Grant applications that address border security or remote monitoring are NOT sought.

Questions¢ Contact:Michael Reimmichael.reim@nuclear.energy.gov

. Advanced Modeling and Simulation

Computational modeling of nuclear reactors is critical for their design and operatioolear engieering
simulations are increasingly predictive and able to leverage-pegformance computing architectures.

While these tools perform similarly to legacy tools for simple problems, utilizing the advanced features of
these tools requires more idepth training, skills, and knowledge. Furthermore, in order to integrate
robust multiphysics capabilities and current production tools for eateise and deployment to end

users, and for enabling the use of hifitielity simulations to inform loweorder modds for the design,
analysis, and licensing of advanced nuclear systems and experiments, it is worthwhile to invest in
technologies that ease the adoption of these modern computational tools.

Grant applications are sought that:

f Facilitate access to Offi®@F b dzOft SI NJ 9y SNH&Qa 6b90 I ROIY
(https://gain.inl.gov/SitePages/ModSim.ag@or inexperienced users, such as automated
generation of finite element meshes, espelyidiexahedra meshes (and in particular we seek
automated mesh generators that leverage-tethex and other hybrido-hex algorithms to
produce highquality highorder fully hexahedral meshes) from CAD or combinatorial solid
geometry models;

1 Demonstrate areffective approach for providing training on these NE tools to new and
experienced users;

1 Apply the results of higfidelity simulations to inform the improved use of lowerder models for
improved use of fastunning design tools; and

1 Provide capabiligs for automated verification of numerical solutions, including mesh refinement
studies.

SR

Questiong; Contact: David HendersoBavid.Henderson@nuclear.energy.gov

. Plant Modernization

Improvements and advancements are needed to address nuclear power plant economic viability in curren
and future energy markets through innovation, efficiency gains, and business model transformation. This
includes transformative digital technologies thasults in broad innovation and business process
AYLNRGSYSYy(ld Ay GKS ydzOf SINJ fAIKG & G§SNI NBIF OG2NJ
systems and processes will enable a technologytric business model platform that supports improved
performance at lower cost, contributing to the long term sustainability of the LWR fleet, which is vital to
GKS ylIraA2yQa SySNHe YR SY@ANRBYYSyidlFf aSOdzNAGed

Technology should demonstrate and support improved functionality and efficiencies in plant operation
and maintenance processes. This will include improvements for both core operations and maintenance
work activities, as well as support functions, such as security, management, administration, procurement,
and radiation protection. Effective modernizatioequires improved process automation, machine
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intelligence and computer aided decision making. To achieve this mission in the nuclear power industry,
applications are sought in one of the following plant modernization areas:

1 1&C modernization: Technolagg are sought to reduce the burden of modernizing the I1&C
infrastructure through novel methods to automate or streamline the 1&C equipment replacement,
function sustainability, integration, installation, and testing. In addition, technologies are sought to
overcome collateral issues that arise during an 1&C modernization. These solutions would address
both costs and applicable regulatory concerns.

91 Data use: Technologies are sought for novel sensors, devices, and methods to extract data from
nuclear poweiplants to automate current operations and maintenance activities. The purpose of
the data extracted should be to enhance the online monitoring of nuclear power plants. The
technologies sought should have direct value of deployment.

1 Advanced Application§:iechnologies are sought to facilitate the use of tools and products that are
available in other industries, yet face obstacles and challenges to be utilized by the nuclear power
industry. Examples of the sought technologies are intelligent tools to auttha conversion of
work packages to electronic work packages with minimal human involvement, smart scheduling
technologies that recognizes patterns and provide a machitedligent scheduling functions for
nuclear power plants.

Questiong; Contact: Aison HahnAlison.Hahn@nuclear.energy.gov

Materials R&D

Welding is widely used for repair, maintenance, and upgrade of nuclear components. Weld repairs are a
potential method for mitigating crackingr degradation instead of component replacement. These repair
welds need to have improved resistance to stress corrosion cracking and to othdetomgegradation.
Furthermore, new and improved welding techniques are needed to avoid and/or reduce atgramis

effects associated with the traditional welding fabrication practices particularly associated with helium
induced cracking of irradiated materials. The DOE Light Water Reactor Sustainability Program has been
working in collaboration with the Ela@c Power Research Institute to develop and assess the ability of
friction stir welding (including friction stir cladding) and advanced laser welding techniques to be used for
highly irradiated materials. This call seeks proposals that would develapdhss for deploying this
technology to reactor component repair. Phase | seeks to provide a feasibility study, supportive research
for weld systems if used in underwater conditions, and initial design study for a system of deployment,
with later Phase Nvork developing and demonstrating the prototype system using a scale-oyok

potential reactor areas where weld repair would likely be needed.

Questiong; Contact: Alison Hahlison.Hahn@nucleamnergy.gov

. Component Development for Energy Conversion Systems to Support Nuclear Power Systems
Molten Salt Reactors (MSR) represent a potential revolutionary shift in the implementation of nuclear
power, and as a broad class of reactors, have the p@kto directly address many US objectives. As high
temperature reactors, they offer increased power conversion efficiency, high temperature process heat,
reduced waste heat rejection, the possibility of dry heat rejection, and increased fissile resdilizegion.
MSRs can be deployed at gigawsdiale or as small modular reactors. This flexibility, along with improved
heat rejection characteristics, greatly expands siting opportunities for MSRspile®sure operation with
chemically inert coolants alvs for thinner walled components that may be significantly less expensive.
Many major plant components could potentially be replaceable. The ability to continually process fission
products out of the reactor system changes the nature of accident scerartsould allow for important
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innovations such as passive, walkay safety and a meaningful reduction of site emergency planning
zones. MSRs are versatile and powerful machines and can assist in closing the fuel cycle by reuse of fuel
and by consumptiof surplus fissile inventories.

DOE is seeking proposals for collaborative small business partnerships from a U.S. company or companis
to advance Molten Salt Reactors and foster growth for U.S. industry.

Potential areas of collaboration include butanot limited to:

1 Development of a small electromagnetic fuel salt pump to support either side stream processing or
small experimental loops.

1 Development of multuse fuel salt flange connection suitable for connection/disconnection with
remote tooling.

1 Demonstration of a flexible/bellows coupling for molten salt lines to enable seismic separation of
plant systems.

1 Demonstration of a mechanical molten salt line containment isolation valve that remains functional
during station blackout conditions.

Questiong; Contact: Brian K. RobinsdBrian.Robinson@nuclear.energy.gov

. Advanced Methods for Manufacturing

A strong manufacturing base is essential to the success of the U.S. reactor designgyccompeting in

global markets. In addition, the success of the Small Modular Reactor (SMR) Initiative depends heavily or
GKS FoAftAGe 2F GKS | o{ & (2 R &éEap@sliNtoangnufécku® thé¢nmainw Q 3
a factory setting, dramtically reducing the need for costly @ite constructiong thereby enabling these
aYlFffSNI RSaAxdya (2 0S SO2y2YAOlIffe O2YLISGAGADS
Gateway for Accelerated Innovation in Nuclear (GAIN) initiativehwtriovides the nuclear 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 econanic operation of 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 manufacturing processes.
Component manufacturing technologies will be required ttade full advantage of the newB printing
methods employed by additive manufacturing technologies. These manufacturing methods must be
capable of producing components or sub components on a limited production basis and with nuclear
quality.

Grant applcations are sought for:

1 Methods to improve the process, speed, quality and cost of welding and the requigddess
and post welding inspections

1 Methods that can improve the manufacturing processes required for the development of pressure
vessels fom TREAT irradiation vehicle using Incefi8 through additive manufacturing process
that meets ASME requirements. If required, heat treatment process specifications should be
developed and associated mechanical properties data produced to allow for groaaand use of
the component for applications meeting ASME pressure boundary requirements.
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Questionsg; Contact: Tansel Selekl@ransel.Selekler@nuclear.energy.gov

i. Cybersecurity Technologies férotection of Nuclear Safety, Security, or Emergency
The U.S. Department of Energy Office of Nuclear Energy is seeking science and engineering solutions th:
provide nuclear operators with tools to prevent, detect, and mitigate cyber threats to nucteagg
systems while operators increase the utilization of esfééctive digital instrumentation, control, and
communication systems. Proposals of interest will address research in technology products that can
enable system designers and operators to mantetharacterize the cybersecurity behaviors and
effectiveness of instrumentation and control (1&C) components and systems that are used within nuclear
facilities. Models should capture the behavior of an 1&C system to: 1) simulate the characteristid&Gf a
system under cybeattack; 2) study the cyber risk impacts of upgrades and maintenance on such systems;
and/or 3) facilitate nuclear facility operation cybersecurity education and training.

Proposals are also sought for exploring secure digitald§istem architectures for use in nuclear facilities.
These architectures should minimize common cause cybersecurity failures and common access attacks;
eliminate various classes of cyber attacks, including cyber attacks that are enabled through the supply
chain; and/or enhance capability to be resilient to a cyber attack if a system has been infiltrated.

Questions; Contact: Trevor CooRyrevor.Cook@nuclear.energy.gov

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

Questiong; Contact: Won Yoondon.Yoon@nuclear.energy.gov

References: Subtopics aijic
1. Office of Nuclear Energy, U.S. Department of Endxity-//energy.gov/ne/office-nuclearenergy

2. Office of Nuclear Energy, 2010, Nuclear energy Research and Devetdpozaimap, Report to
Congress, U.S. Department of Energy, p. 48.
https://energy.gov/sites/prod/files/NuclearEnergy Roadmap Final.pdf

3. Office of Nuclear Energy, Fuel Cyatséarch and Development Program, U.S. Department of Energy.
https://energy.gov/ne/fuetcycletechnologies/fuelcycleresearchdevelopment

4. Idaho National Laboraty, 2017, Technical Program Plan for INL Advanced Reactor Technologies
Technical Development Office/Advanced Gas Reactor Fuel Development and Qualification Program,
Rev. 6, INL/MIKR0-20662, p. 70https://art.inl.gov/trisofuels/Lists/References/Attachments/44/PLN
3636 _rev_6.pdf

5. Petti, D., Bell, G., and Gougar, H., 2005, The DOE Advanced Gas Reactor (AGR) Fuel Development ¢
Quialification Program, 2005 Intemtional Congress on Advances in Nuclear Power Plants, INEEL/CON
04-02416, Vol. 39, Issue Ritps://inis.iaea.org/search/search.aspx?orig_gq=RN:39005010
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References: Subtopic:b
1. Carmack, J., Goldner, F., Br&itjon, S. M., et al, 2013, Overview of the U.S. DOE Accident Tolerant
Fuel Development Progrartdaho National Laboratory, Top Fuel 2013, INL/@3Gi89288, Charlotte,
NC.http://www.osti.gov/scitech/servlets/purl/1130553

2. Merrill, B., Teague, M., Youngblood, R., et al, 2014, Advanced Fuels Campaign Light Water Reactor
Accident Tolerant Fuel Performee Metrics, Idaho National Laboratory, INL/EXR29957, p. 62.
http://www.osti.gov/scitech/servlets/purl/1129113

3. Braase, L. and Hamelin, D., 2013, Advanced Fuels Campaign 2013 Accanisteport, Idaho
National Laboratory, INL/EXIB-30520, p. 66http://www.osti.gov/scitech/servlets/purl/1120800

4. Braase, L. and May, W. E., 2014, Advanced Fuels CampaigAcoidplishments Report, Idaho
National Laboratory, INL/EXIB-33515, p. 106http://www.osti.gov/scitech/biblio/1169217

5. Advanced Fuels Campaign Home Page, Idaho National Laboratory.
https:// nuclearfuel.inl.gov/afp/SitePages/Home.aspx

6. ldaho National Laboratory, 2017, Technical Program Plan for INL Advanced Reactor Technologies
Technical Development Offic&dvanced Gas Reactor Fuel Development and Qualification Program,
Rev. 6, INL/IMFKR0-20662, p. 70https://art.inl.gov/trisofuels/Lists/References/Attachments/4RBL N
3636 _rev_6.pdf

7. Petti, D., Bell, G., and Gougar, H., 2005, The DOE Advanced Gas Reactor (AGR) Fuel Development ¢
Quialification Program, 2005 International Congress on Advances in Nuclear Power Plants, INEEL/CO
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34. ADVANCED TECHNOLGHDBR NUCLEAR WASTE

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000

Aaepting SBIR 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 disposékpent nuclear 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 of 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. Spent Fuel and Waste Science and Technology, Disposal R&D
Assassments of nuclear waste disposal options start with waste package failure and waste form
degradation and consequent mobilization of radionuclides, reactive transport through the near field
environment (waste package and engineered barriers), and trangporand through the geosphere.
Science, engineering, and technology improvements may advance our understanding of waste isolation ir
generic deep geologic environments and will facilitate the characterization of the natural system and the
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design of an ffective engineered barrier system for a demonstrable safe total system performance of a
disposal system. DOE is required to provide reasonable assurance that the disposal system isolates the
waste over long timescales, such that engineered and natusté¢sys work together to prevent or delay
migration of waste components to the accessible environment.

Mined geologic repository projects and ongoing generic disposal system investigations generate business
opportunities that focus on current technologid30E invites proposals involving novel material
development, testing methods, and modeling concept and capability enhancements that support the
program efforts to design, develop, and characterize the barrier systems and performance (i.e., to assess
the sdety of a nuclear waste repository). DOE will consider proposals that may contribute to a better
understanding of barrier system performance, the optimization of repository performance, and systems
characterization and monitoring. Proposals supporting development of materials, test equipment,

testing methods, and modeling tools relevant to permanent disposal of spent nuclear fuel arlévegh
radioactive waste for a variety of generic mined disposal concepts (in clay/shale, salt, crystallinadock, a
tuff). Proposals sought may include one or more of the following:

1 Improved understanding of waste package failure modes and material degradation processes (i.e.
corrosion) for heat generating waste containers/packages considering direct interactitns w
canister and buffer materials in a chemically reducing repository environment leading to the
development of improved models (including uncertainties) to represent the waste
container/package long term performance

1 Improved understanding of larggcale lydrologic and radionuclide transport processes in the
geosphere of relevant disposal repository environments, leading to the development of improved
methodologies and models (including uncertainties) to represent these processes

1 New concepts or approachéar alleviating potential postlosure criticality concerns related to the
disposal of high capacity waste packages. Development of models and experimental approaches f
including burrup credit in the assessment of the potential for criticality assesdrfwarspent
nuclear fuel permanently disposed in duplirpose canisters that are designed and licensed for
storage and transportation only.

1 Development of new techniques for-gitu field characterization of hydrologic, mechanical, and
chemical propertie®f host media and groundwater in a disposal system

1 Development of new and cosffective concepts (in different geologic medialay/shale, salt,
crystalline rock, and tuff) for sealing repository openings (e.g., shafts, tunnels, wells) to facilitate
repository closure and provide required letgrm waste isolation and performance

1 Identification and assessment of innovative and novel buffer materials, new methods and tools for
multi-scale integration of flow and transport data, new approaches for charaation of low
permeability materials, statef-the-art tools and methods for passive characterization and
monitoring of engineered/natural system component properties and failure modes and their
capability to isolate and contain waste.

Several reports related to program areas of interest (generic geologic disposal environments, testing, and
materials) are located ditttps://www.energy.gov/ne/listings/usd-fuel-dispositionrd-documents.

Questions; Contact: Mark TynarMark.Tynan@doe.gov
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b. Spent Fuel and Waste Science and Technology, Storage & Transportation R&D
The possibility of chloridenduced stresgorrosion cracking (CISCC) in welded stairdtssd dry storage
canisters (DSC) for spent nuclear fuel (SNF) has been identified as a potential concern regartinmlong
LISNF2NXYIFYyOS 2F GKS OFyAadaSNRa O2y i hegldng gracedare dzy R
introduces high tensile residual stress and sensitization in the-aatted zone (HAZ), which might
render the welds susceptible to the incubation of pitting and transition to crack initiation and growth when
exposed to an aggressixvhemical environment. Analysis of canister surface samples frserwite DSCs
at three nearmarine ISFSI sites have demonstrated the presence of chinddealts on the outer
canister surfaces (Enos et al. 2013, Bryan and Enos 2014, EPRI 2014nBriaos 2015). As portions of
the canister surfaces cool sufficiently, the marine atmospheric salts may deliquesce and generate an
aqueous brine layer on the surface of the canisters at various locations. This aggressive environment in
contact with asusceptible HAZ could potentially lead to pitting, CISCC, and thwealyjpenetration in the
HAZs of the canister welds. Athrough f f LISY SGNI GA2Y é2dzxZ R o NBI OK
boundary.

To reduce the potential for a throughall CISCC and®t OK 2F (G KS OFyAadiSNna O
would be beneficial to develop detection, interpretation, and mitigation technologies for the pits and
cracks. The incentive for developing these technologies is to arrest the process before tivaligh
penetration, thus avoiding the cost of repackaging the SNF into replacement canisters and the related
nuclearsafety issues. The detection, interpretation, and mitigation technologies must be capable of in
situ application on loaded systems (i.e., canisemains within storage overpack), and must be limited to
low heat input and acceptable external forces to avoid significant reduction in mechanical strength and
deformation of the dry storage canisters. These technologies could help maintain the mechdagyity

and containment boundaries of the original canisters, and support the continuation of thedomg
performance of dry storage canisters.

Small Business Innovative Research proposals are sought for the development of detection, interpretatior
and mitigation technologies for the pits and cracks in the HAZs of the canister welds.

Key research contributions shall include one or more of the following:
1 Develop an irsitu continuous monitoring system for retne canister structural health and
integrity monitoring.
1 Develop a machine learning tool with online database development capabilities for predictive
detection and interpretation of metastable pits and incipient cracks on canister surfaces.
1 Develop novel local stress relief and/or in sitaak mitigation capabilities.

Questiong; Contact: John Orchardphn.Orchard@doe.gov

c. Spent Fuel and Waste Science and Technology, Other R&D
In addition to the specific subtopics listed above, the Departmevritas grant applications in other areas
that fall within the scope of the topic description above.

Questiong; Contact: Prasad NaiPrasad.Nair@doe.gov

References: Subtopic a:
1. Office of Nuclear Energy, 2017, Initiatives, Used Fuel Disposition R&D Documents, U.S. Department c
Energyhttps://www.energy.gov/ne/listings/useduel-dispositionrd-documents.
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