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INTRODUCTION TO DOE SBIR/STTR TOPICS

This SBIR/STTR topics document is issued in advance of the FY 2023 DOE SBIR/STTR Phase | Release 2
Funding Opportunity Announcement scheduled to be issued on December 12, 2022. 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 encouraged to attend upcoming topic and Funding Opportunity Announcement webinars.
Dates for these webinars are listed on our website: https://science.osti.gov/sbir/Funding-Opportunities.

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

General introductory information about the DOE SBIR/STTR programs can be found online here:
http://www.doesbirlearning.com/. Please check out the tutorials--a series of short videos designed to get
you up to speed 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 programs require applicants to submit commercialization plans as part of their Phase | and I
applications. DOE understands that commercialization plans will evolve, sometimes significantly, during the
course of the research and development, but investing time in commercialization planning demonstrates a
commitment to meeting objectives of the SBIR/STTR programs. During Phase | awards, DOE provides small
businesses with technical and business assistance (TABA) either through a DOE-funded and selected
contractor or through an awardee-funded and selected vendor(s).

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

TECHNOLOGY TRANSFER OPPORTUNITIES
Selected topic and subtopics contained in this document are designated as Technology Transfer
Opportunities (TTOs). The questions and answers below will assist you in understanding how TTO topics
and subtopics differ from our regular topics.

What is a TTO?

A TTO is 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 university or National Laboratory Contractor that 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 sector. The level of technology maturity will vary and applicants
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are encouraged to contact the appropriate university or Laboratory Contractor prior to submitting an
application.

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

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

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

Am | required to show | have a subaward with the university or National Laboratory Contractor that
developed the TTO in my grant application?

No. Your project plan should reflect the most fruitful path forward for developing the technology. In some
cases, leveraging expertise or facilities of a university or National Laboratory Contractor via a subaward may
help to accelerate the research or development effort. In those cases, the small business may wish to
negotiate a subaward with the university or National Laboratory.

Is the university or National Laboratory Contractor required to become a subawardee if requested by the
applicant?

No. Collaborations with universities or National Laboratory Contractors must be negotiated between the
applicant small business and the research organization. The ability of a university or National Laboratory
Contractor to act as a subcontractor may be affected by existing or anticipated commitments of the research
staff and its facilities.

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

Will the rights to the TTO be exclusive or non-exclusive?
Each TTO will describe whether an exclusive or non-exclusive 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 under a TTO subtopic will be granted rights to perform research and development
of the technology during their Phase | or Phase Il grants. Please note that these are NOT commercial rights
which allow you to license, manufacture, or sell, but only rights to perform research and development. In
addition, an awardee will be provided a no-cost, six month option to license the technology at the start of
the Phase | award. It 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 license. A
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 made to a TTO subtopic?
We anticipate making a maximum of one award per TTO subtopic. If we receive applications to a TTO that

address different fields of use, it is possible that more than one award will be made per TTO.

How will applying for an SBIR or STTR grant associated with a TTO benefit me?



By leveraging prior research and patents from a university or National Laboratory Contractor you will have a
significant “head start” on bringing a new technology to market. To make greatest use of this advantage it
will help for you to have prior knowledge of the application or market for the TTO.

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



PROGRAM AREA OVERVIEW: OFFICE OF CYBERSECURITY, ENERGY SECURITY, AND
EMERGENCY RESPONSE

The Office of Cybersecurity, Energy Security, and Emergency Response (CESER) leads the Department of
Energy’s emergency preparedness and coordinated response to disruptions to the energy sector, including
physical and cyber-attacks, natural disasters, and man-made events. Risk Management Tools and Technologies
(RMT) 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 RMT program leverages its partnerships 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 cybersecurity without impeding normal operations.
Research funding is provided to a diverse range of researchers representing asset owners/operators, supply
chain vendors, national laboratories, and academia. All RMT 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.

For additional information regarding CESER’s activities and priorities, click here. Click here to read the CESER
Blueprint. Information regarding current RMT’ funding can be found here . Note: RMT was formerly called
CEDS.

Further information regarding the challenges and needs associated with the cybersecurity of the Nation’s
energy infrastructure can be found in the 2018 releases of the Department’s Multiyear Plan for Energy Sector

Cybersecurity.

C56-01. ENERGY SYSTEMS CYBERSECURITY

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track 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 safe operations. This
research topic requests applications to develop proof of concept for unique and innovative solutions that
address a need for the cyber security for the energy sector. Selected applications must include a scope of work
that will lead up to, but will not include, the development of a demonstration prototype. These solutions can
include, but are not limited to, new capabilities for defending critical infrastructure and sensitive networks
against cyberattacks and supply chain attacks, improved authentication mechanisms, zero-trust architectures,
and better intrusion detection capabilities.

All applications to subtopics under this topic must:

e Clearly provide understanding of current capabilities and outline the novelty of the proposed solution.

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

e Demonstrate a clear understanding of the OT process/system that is being protected and how the
solution will protect without interrupting reliability and normal operations;

e For any solution intended for onsite installation; fully justify the compatibility with the electro-
magnetic and other environmental conditions of the intended site;
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e C(learly describe the commercialization potential of the federally-funded effort and provide a detailed
path to scale up in potential transition to industry practice.

e Fully justify the future potential for demonstration with an asset owner/operator who is an intended
user.

All applications to subtopics under this topic should:

e Prioritize the reduction of catastrophic cyber risk and measures that enhance strategic stability for the
nation’s energy infrastructure.

e Emphasize technologies that ensure safe, clean, and reliable access to critical functions and safety
information systems without obstructing normal operations.

e C(learly define the merit of the proposed innovation compared to competing approaches and the
anticipated outcome.

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

¢ 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.

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

Grant applications are sought in the following subtopics:

a. Distributed Energy Resource (DER) Cyber Protection

This subtopic is for the development of capabilities such as tools, techniques, and/or methodologies that
address gaps related to infrastructure/software architecture for securing DERs. Solutions need to take into
consideration reliability requirements and the custom engineered nature of most OT systems. Proposed
solutions can include but are not limited to sandbox environments to exercise scenarios, automated and
unique cyber guidance development for acquisitions, and solutions that promote self-healing from intrusion or
malicious attacks.

Questions — Contact: Joseph Dygert, Joseph.dygert@netl.doe.gov

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

Questions — Contact: Joseph Dygert, Joseph.dygert@netl.doe.gov
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PROGRAM AREA OVERVIEW: OFFICE OF DEFENSE NUCLEAR NONPROLIFERATION RESEARCH
AND DEVELOPMENT

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 proliferation of weapons of mass destruction worldwide; and eliminate or
secure inventories of surplus materials and infrastructure usable for nuclear weapons. It is the organization
within the Department of Energy’s National Nuclear Security Administration (NNSA) responsible for preventing
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 security by developing capabilities to detect and characterize global nuclear security
threats. The DNN R&D program also supports cross-cutting functions and foundational capabilities across
nonproliferation, counterterrorism, and emergency response mission areas. 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 unique facilities
and scientific skills of DOE, academia, and industry to perform research and demonstrate advances in
capabilities, develop prototypes, and produce sensors for integration into operational systems. DNN R&D has
two sub-Offices: Proliferation Detection and Nuclear Detonation Detection.

The Office of Proliferation 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 nuclear materials; (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 multi-use applications across the NNSA and interagency
community.

The Office of Nuclear Detonation Detection (NDD) performs the following three national nuclear security
roles: (1) produce, deliver, and integrate the nation’s space-based operational sensors that globally detect and
report surface, atmospheric, or space nuclear detonations; (2) advance seismic and radionuclide detection and
monitoring capabilities that enable operation of the nation’s ground-based nuclear detonation detection
networks; and (3) advance analytic nuclear forensics capabilities related to nuclear detonations.

These offices seek grant applications in the following topic areas:

C56-02. ALTERNATIVE RADIOLOGICAL SOURCE TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Office of Proliferation Detection (PD) within Defense Nuclear Nonproliferation Research and Development
(DNN R&D) has an objective to reduce the reliance on high-activity commercial and industrial radioactive
sources. The office is interested in developing replacements for radioisotopic sources to promote the adoption




of non-radioisotopic alternative technologies where technically, operationally, and economically feasible.
Grant applications are sought in the following subtopics:

a. Novel Non-Radioisotopic Technology for Portable Calibration Sources

Source-based calibration systems produce radiation fields of known energy and intensity, with little change in
uncertainty over a span of years, for calibration of radiation monitoring equipment, dosimeters, and
industrial/medical radiation technologies to ensure their accurate operation. These gamma-ray based
instruments generally utilize cesium chloride up to Category 2 quantities and are considered essential to the
safe use of radiation-generating technology. However, the use of high-activity radioisotope sources, including
Cs-137 and Co-60, poses a radiological security risk since the sources could be stolen and used in a radiological
dispersal device or radiological exposure device. The risk is significant higher for portable systems.

The 2021 National Academies of Sciences (NAS) study on Radioactive Sources: Applications and Alternative
Technologies highlighted a lack of progress in industry adopting alternative technologies for calibration
systems due to a lack of viable, comparable, or cost-effective replacements. The report highlighted the
monoenergetic beam from Cs-137 versus a broad-spectrum beam from an x-ray generator as one of the major
hurdles for alternative technologies. Government and industry end users are willing to examine the possibility
of using board spectrum beams for calibration if the process can be validated. However, there are currently no
portable x-ray or other non-radioisotopic systems that reach the needed gamma-ray dose rate, repeatability,
and stability needed for calibration. The current lack of research and development on a viable alternative to
these radioisotopic calibration systems constitutes a notable roadblock to the reduction of safety and security
risks associated with Cs-137 worldwide. Further research and development are needed to overcome these
deficiencies.

The Office of Proliferation Detection is soliciting the development of novel alternatives capable of replacing
the need for radioisotope source-based calibration devices, notably those reliant on Category 2 Cs-137 in the
form of cesium chloride. Additionally, portable, low size, weight, and power designs employ novel methods
aim to reach dose rates from 0.05 to > 50 cGy/hr in an enclosed area large enough for a large dose rate meter
with a stable and repeatable beam sufficient for calibration are also sought-after. The proposed designs need
to be capable of providing equivalently valuable calibration capability for major service providers, including
the National Institute of Standards and Technology in the U.S. and international equivalent organizations.
Some measures of this capability include consistent, reproducible, and verifiable radiation output to a level
similar to Cs-137, minimal uncertainty in transferring calibrations, and the ability to produce an energy
spectrum that is comparable to Cs-137. The alternative methods must be portable, reliable, capable of
sustained operation, robust in challenge environmental conditions (e.g., cold weather, precipitation, dust,
etc.), cost-competitive with source-based calibration systems, and should address noted deficiencies (e.g.,
size, weight, power, speed, etc.).

Questions — Contact: Hank Zhu, hank.zhu@nnsa.doe.gov

b. Improved Vacuum X-Ray Tube Design for Radiological Source Replacement

In many applications, the security risk posed by high-activity radioisotope sources can be mitigated through
implementation of non-radioisotopic technologies such as x-ray devices. Self-shielded x-ray machines used for
research and blood irradiation are a viable and popular alternative to Cs-137 and Co-60 irradiators. These
systems rely on vacuum x-ray tubes to generate radiation. X-ray tubes have also been considered in
replacement technologies in other application spaces, including non-destructive testing and calibration. While
current commercial offerings, particularly second-generation x-ray tubes, are generally reliable, these tubes
have inherently limited usage lifecycles and also can be prohibitively expensive in resource-limited
environments. Therefore, a supply of reliable, affordable, and available replacement x-ray tubes is critical to
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increased global usage of x-ray devices. In addition, there are functional limits on energy levels the x-ray tubes
can produce based on their design, which may limit efficiency or application viability. Improvements upon the
ease of manufacturing, affordability, storage requirements, lifecycle duration, and effectiveness of x-ray tubes
and the devices that rely on them are needed to maximize their efficacy as alternatives to radioisotopes.

The 2021 National Academies of Sciences (NAS) report on Radioactive Sources: Applications and Alternative
Technologies outlined the current advantages of x-rays that utilize second-generation versus first-generation
x-ray tubes including lower voltage requirements, better heat dissipation, and greater radiation output.
However, out of the four manufacturers that produce or distribute x-ray irradiators, only one uses second-
generation x-ray tubes. The limited incorporation of improved x-ray tubes results in fewer sustainable and
reliable x-ray options available when transitioning to non-radioisotopic technologies.

The Office of Proliferation Detection is soliciting the development of x-ray vacuum tubes capable of improving
upon second-generation x-ray tubes developed in 2009 and providing a viable alternative for first-generation
x-ray tubes. The device needs to be capable of providing equivalent performance for major service providers
at a lower cost than currently available replacement x-rays tubes. Some measures of this capability include
maintaining or increasing dose rate to the target, improving average tube lifecycle at standard operation
levels, and delivering increased radiation energy with minimal waste heat. Additionally, an x-ray design
capable of being configured for multiple systems or fittings would be valuable to minimize vendor redesign for
operational systems. The manufacturing process for these tubes should be independent of single point supply
chain failures and allows for long storage. Additionally, the x-ray tubes should be reliable, robust, capable of
sustained operation similar to current radioisotopes, and lead to affordable capital and maintenance costs in
resource-limited environments.

Questions — Contact: Hank Zhu, hank.zhu@nnsa.doe.gov

c. Other
In addition to the specific subtopics listed above, grant applications in other areas relevant to subtopic a. and
b. are also invited.

Questions — Contact: Hank Zhu, hank.zhu@nnsa.doe.gov
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C56-03. RADIATION DETECTION MATERIALS

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

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

Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO
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The Office of Proliferation Detection (PD) within Defense Nuclear Nonproliferation Research and Development
(DNN R&D) has an objective to develop new technologies for radiation detection. Meeting this objective
requires the improvement of current technology and the development of new materials and tools for
radiation detection applications. Grant applications are sought in the following subtopics:

a. High-Yield Growth of High-Performance Radiation Detection Semiconductor Materials

The mission to detect and identify illicit nuclear materials would benefit from the availability of detector
materials capable of high energy resolution with high detection efficiency. Low-cost, high-yield radiation
detectors are not capable of achieving the high-resolution gamma-ray spectroscopy necessary for the
identification of nuclear materials. Over the past decade, significant progress has been made in the
development of relatively lower-cost, medium energy resolution inorganic scintillators, such as the elpasolite
scintillators, CLLBC for example, but the spectroscopic power of these new scintillators is still unable to match
those of the traditional room-temperature semiconductor detectors, such as CZT, either pixelated or coplanar
grid. On the other hand, despite significant improvements over the past several decades, CZT technology still
suffers from major detrimental defects such as high concentration of tellurium inclusions and sub-grain
boundary network/dislocation walls, which adversely impacted the yield of high-quality detectors fabricated
from the crystals.

All-inorganic semiconductor materials, such as perovskites and chalcohalides, have a high absorption cross-
section to ionizing radiation, can be scaled up to large sizes, and have the potential to achieve high
performance without bias-induced performance degradation. Challenges in surface preparation and electrode
contact engineering need to be met by developing reliable and scalable methods that can be implemented in a
manufacturing setting. In addition, metal deposition and surface preparation need to be optimized to work
with these new materials.

The Office of Proliferation Detection is soliciting the development of high-resolution semiconductor gamma-
ray detectors with all-inorganic semiconductor compositions capable of operating in a wide range of
temperatures from -20°C to 80°C, high stopping power, and stability at photon energies up to 3 MeV. Key
requirements of the new semiconductor materials include:

* Energy resolution: better than 2% (1% objective) at 662 keV, 4% at 2 MeV

* Detection efficiency: > 60% at 2 MeV

* High material uniformity over > 4 cm length

« Dark current: < 50 nA/cm? at 1000 V/cm

* Radiation survivability: up to 100 Mrad

* Detector yield: > 80%

* Materials cost: 2-5 times lower than the cost of typical spectroscopic CZT (pixelated or coplanar grid), or less
than $100/cc ($50/cc objective)

Phase | effort will identify the candidate materials and their potentials, demonstrate pathways for meeting the
radiometric and cost performance goals.

Phase Il efforts will further develop the selected methodology to produce material samples size from 1.5”x1.5”
to 2”x2” for radio-isotope identification device (RIID) at projected cost and targeted energy resolution.
Development activities will focus on demonstrating the performance in prototype detectors that accomplish
the goals of gamma-ray detection in comparison to existing high performance semiconductor materials, e.g.,
CZT. The detectors shall not be dependent on post-acquisition analysis of data and shall demonstrate radio-
isotopic identification capabilities consistent with N42.34 (areas where the prototype diverges from the
standard should be identified). Additional efforts will focus on developing manufacturing and



commercialization plans for implementing the research in production and dissemination of the semiconductor
materials, respectively.

Questions — Contact: Hank Zhu, hank.zhu@nnsa.doe.gov

b. Other

In addition to the specific subtopic listed above, grant applications in other areas relevant to subtopic a. are
also invited, such as other semiconductors or scintillators that can achieve the requirements specified in
subtopic a.

Questions — Contact: Hank Zhu, hank.zhu@nnsa.doe.gov
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C56-04. SEPARATION AND DETECTION TECHNOLOGIES ESPECIALLY FOR RARE EARTH
ELEMENTS AND LITHIUM

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Office of Nuclear Detonation Detection (NDD) within the Defense Nuclear Nonproliferation Research and
Development (DNN R&D) Office is seeking to improve separation and detection of the specific elements
identified below from bulk material. These elements are of interest to nuclear security and have commercial
value. Grant applications are sought in the following subtopics:

a. High-Purity Separations of Rare Earth Elements from Bulk Material

The rare earth elements (REEs), consisting of the lanthanides plus yttrium and scandium, are in demand for
advanced industrial applications, such as magnets, lasers, energy storage, and optics, due to their distinctive
electronic properties [1]. The United States Geological Survey (USGS) and Department of Defense (DoD) have
included them, minus promethium, on the critical minerals list and strategic materials list, respectively [2, 3].
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The lanthanides are also of interest to the nuclear security complex [4]. Unfortunately, the REEs exhibit nearly
identical chemical properties, which present major challenges to interelement separations [1, 4].

The Office of Nuclear Detonation Detection is soliciting applications to develop advanced separation
technologies to purify individual REEs from bulk material consisting of various geologic matrices, such as
silicon dioxide, monazite, xenotime, and other uranium and thorium bearing minerals. Figures of merit to be
considered include process time, decontamination factor from bulk material, decontamination factor from
other REEs, and maintenance or operational costs, as improvements above current commercial sector
capability. A separation specific to any REE is of interest.

Questions — Contact: Richard Gostic, Richard.Gostic@nnsa.doe.gov

b. Environmental Monitoring of Lithium

Lithium is included on the USGS critical minerals list and DoD’s strategic materials list [1, 2]. Portable energy
storage for devices such as electric vehicles, mobile phones, and laptops is increasing the demand for lithium
[3]. Lithium is also used for nuclear security applications, such as neutron detection and radiation dosimetry
[4, 5]. The processing of lithium and production of lithium compounds have historically led to environmental
contamination, particularly of surface and groundwater [3, 6, 7].

The Office of Nuclear Detonation Detection is soliciting applications to develop environmental monitoring
systems to distinguish trace levels of lithium. These systems should show potential for dual use applications
for monitoring environmental contamination from industrial processes, such as lithium-ion battery
production, and identify deviations from environmental lithium concentrations. An ideal system would have
passive collection and operation and be able to detect lithium at concentrations below the threshold limit
values (TLVs®) determined by American Congress of Governmental Industrial Hygienists (ACGIH®) for common
lithium compounds. Other figures of merit for an ideal monitoring system to consider include durability in the
monitoring environment, high volume sampling, and response rate (i.e., how rapidly the monitor can detect
lithium).

Questions — Contact: Richard Gostic, Richard.Gostic@nnsa.doe.gov

c. Other

In addition to the specific subtopics listed above, grant applications are invited in other areas relevant to these
subtopics, such as environmental monitoring, environmental sensors, industrial hygiene sensors, and
biosensors for other critical minerals or strategic materials.

Questions — Contact: Richard Gostic, Richard.Gostic@nnsa.doe.gov
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C56-05. ADVANCED DATA ANALYTICS FOR MULTIPLE MICROSCOPIES
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Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Office of Nuclear Detonation Detection (NDD) within the Defense Nuclear Nonproliferation Research and
Development (DNN R&D) Office is seeking to improve analyses for large data sets originating from multiple
instrumentation, such as optical and electron microscopes and secondary ion mass spectrometry (SIMS).
Grant applications are sought in the following subtopics:

a. Graphical Analyses for Material Characterization

Analytical instrumentation provides important radiological, morphological, structural, elemental and/or
isotopic characterization information about a bulk material sample. Most of these instruments provide few
data processing tools to permit the user to compare features from different materials or samples.
Comparative graphical tools become important when analyzing dozens to thousands of observations (e.g., to
highlight slight perturbations in crystal structure or trace element variations). Artificial Intelligence/Machine
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Learning (Al/ML) graphical analyses have been developed within various microscopy domains [1, 2, 3], but
only limited work to date has been applied across multiple microscopies.

The Office of Nuclear Detonation Detection is soliciting applications to develop data processing tools to
evaluate data from multiple analytical techniques such as autoradiography, X-ray diffraction (XRD), X-ray
fluorescence (XRF), electron microprobe, Raman spectroscopy, Fourier-transform infrared spectroscopy (FTIR),
SIMS, electron backscatter diffraction (EBSD), transmission electron microscopy (TEM), and atom probe
tomography (APT). Complications may arise from access to raw data files from common instruments or
platforms that utilize proprietary software for data analysis. A diverse analytical community would benefit
from advanced data processing tools to identify subtle key features or associations that are not readily evident
in large data sets. Of interest are data processing tools or platforms that can combine multiple data inputs for
a sample, compare with other samples, and identify variations in common characteristics, such as
morphology, size, crystal structure, etc., between samples or sample sets without the need for high
performance computing. Figures of merit to consider include processing requirements, processing time, data
storage requirements, complexity of operation, ease of code modification, and implementation cost.

Questions — Contact: Richard Gostic, Richard.Gostic@nnsa.doe.gov

b. Other

In addition to the specific subtopic listed above, grant applications to this topic are invited in other relevant
areas, such as geospatial analyses and biomedical imaging. Quantitative comparisons between data originating
from the same sample at different times can measure the effects of different conditions one the subject (e.g.,
environmental impact on a certain area or the effectiveness of a medical treatment).

Questions — Contact: Richard Gostic, Richard.Gostic@nnsa.doe.gov
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C56-06. TECHNOLOGY FOR SEISMIC MONITORING SYSTEMS
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Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Office of Nuclear Detonation Detection (NDD) within Defense Nuclear Nonproliferation Research and
Development (DNN R&D) has an objective to develop new technologies for seismic monitoring. The growing
demand for sensor technologies requires hardware and software development to enable faster data
processing approaches capable of processing and managing large amounts of data resulting from sensors with
high spatial and temporal resolution, large area coverage, and sensitivity. Data from these sensor systems can
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potentially support global networks (e.g., the International Monitoring System (IMS)) by filling the gap for
inaccessible areas. Grant applications are sought in the following subtopics:

a. Hardware/Software Applications for Distributed Acoustic Sensing (DAS) Data Acquisition and Processing
Distributed Acoustic Sensing (DAS) is a novel tool utilizing laser pulses travelling in fiber-optic cable [1,2]. DAS
is an attractive potential nuclear explosion monitoring tool that is affordable and able to collect data even
along existing telecommunication cables [3]. However, some characteristics must be overcome with further
technological advances in order to fully use DAS technology. For example, the high spatial sampling density
(orders-of-magnitude above conventional seismic deployments) results in overwhelming amounts of data to
be processed and stored, which is at present an impractical impediment to the near real time use of this
information. In fact, the bit rate of a single DAS deployment can exceed that of the entire IMS combined.
Furthermore, a DAS system’s data are concentrated on a single acquisition system sent from one station,
sometimes in a remote location, making data storage and processing a challenge when these data are
combined with those of dozens of other stations for data analysis [4]. This results in a computational
bottleneck that precludes the possibility of real-time or near real-time data processing. For DAS systems to be
used effectively, the seismic monitoring community needs improved ways to gather and process data and
reduction of the time lag between data acquisition and data exploitation.

The Office of Nuclear Detonation Detection is soliciting the development of DAS hardware and/or software for
faster processing of their data near the sensor, more efficient data compression, and options for hardware-
embedded analysis. Systems that fully exploit the strengths of DAS then can be incorporated into new DAS
interrogator designs with faster processing hardware architecture [4]. Alternative approaches may include
external hardware systems with advanced data processing software that support the data formats of
Technical Data Management Streaming (TDMS) (https://www.ni.com/en-
us/support/documentation/supplemental/06/the-ni-tdms-file-format.html) and Hierarchical Data Format 5
(HDF5) (https://www.earthdata.nasa.gov/esdis/esco/standards-and-references/hdf5).

Questions — Contact: John Lazarz, John.Lazarz@nnsa.doe.gov

b. Other

In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited. These include seismometer improvements (e.g., reduced size, improved sensitivity, reduced power
requirements), seismic array improvements, infrasound sensor improvements, hydroacoustic sensor
improvements, or other ways to detect acoustic energy underground, on the surface, or in the atmosphere at
regional to global distances (>200km). Improvements should substantially enhance capabilities when
compared to existing sensors or techniques [5].

Questions — Contact: John Lazarz, John.Lazarz@nnsa.doe.gov
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The Office of Nuclear Detonation Detection (NDD) within Defense Nuclear Nonproliferation Research and
Development (DNN R&D) has an objective to develop new technologies for atmospheric radionuclide
monitoring systems. Present-day monitoring carried out by the International Monitoring System (IMS) of the
Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) Preparatory Commission (see, for example,
https://www.ctbto.org/our-work/monitoring-technologies/radionuclide-monitoring) involves collecting gas
samples (i.e., >500 standard cubic meters of air per hour) at regional distances (>200 km) and concentrating
the species of interest for measurement (e.g., beta-gamma emissions of radioxenon isotopes). Meeting the
NDD objective in local-distance regimes (<200 km) requires the development of new atmospheric radionuclide
sensors and techniques capable of lower detection thresholds and better discrimination to distinguish
radionuclides from vented underground nuclear tests (1 kT yield or less) among other confounding sources
such as medical isotope production or nuclear reactor operations. Grant applications are sought in the
following subtopics:

a. Electrostatic Precipitation System for Local-Distance Radionuclide Monitoring

Monitoring effluents present at local distances (<200 km), could entail collecting short-lived isotopes from
vented underground nuclear tests [1] which may have larger signals than the current species focused on by
IMS radionuclide monitoring technologies. Research of systems based on electrostatic precipitation (ESP)
principles show promise for the detection of short-lived particulate radionuclides [2] but using this concept for
monitoring at local distances requires reducing size, weight, and power, and increasing collection efficiency
[3,4] to become a viable system for mobile applications. Therefore, a primary focus is to improve the
collection system.

The Office of Nuclear Detonation Detection is soliciting the development of the mobile particulate detector
concept using a low-volume system, collecting 100 standard cubic meters of air per hour, and using an
electrostatic precipitator, operating with a collection efficiency of 80% or greater for 0.2 micrometer particles.
Overall, this concept would then advance the collection medium into a radiation detector suitable for
measuring radionuclides expected at local distances (<200 km) from a vented underground nuclear test of 1 kT
yield or less. Applications that address the air flow and collector efficiency specifications, where size and
power are minimized to facilitate portability and fielding by a single person, will be prioritized over
applications focused on radiation detection performance, which is a secondary design consideration in the
overall scheme.
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Questions — Contact: Brian Paeth, Brian.Paeth@nnsa.doe.gov

b. Other

In addition to the specific subtopic listed above, grant applications in other areas relevant to this topic are
invited. These include development of atmospheric radionuclide sensors or techniques which, when compared
against existing sensors or techniques, can be shown to substantially increase performance and reduce
uncertainty [1-5]. Applications focused on effluents expected at local distances (<200 km) from a vented
underground nuclear test of 1 kT yield or less are welcome.

Questions — Contact: Brian Paeth, Brian.Paeth@nnsa.doe.gov
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PROGRAM AREA OVERVIEW: OFFICE OF ELECTRICITY

The Office of Electricity (OE) leads the Department of Energy’s efforts to ensure that the Nation’s energy
delivery system is reliable, resilient, and secure. Working closely with public and private partners funds the
development of new technologies that enhance the infrastructure that delivers electricity at the transmission
and distribution levels across North America.

OE recognizes that our Nation's sustained economic prosperity, quality of life, and global competitiveness
depend on access to an abundance of reliable, secure, and affordable energy resources. The mission of OE is
to drive electric grid modernization and reliability and resiliency in the energy infrastructure. Through a mix of
technology and policy solutions, OE will address the changing dynamics and uncertainties in which the electric
system will operate. OE leverages effective partnerships, solid research, and best practices to address diverse
interests in achieving economic, societal, and environmental objectives.

OE has a broad portfolio of activities that spans technology innovation, institutional support and alignment,
and security and resilience. Serving as the lead for the Department of Energy’s efforts on grid modernization,
OE works closely with diverse stakeholders to ensure that clean energy technologies can be integrated in a
safe, reliable, and cost-effective manner.

For additional information regarding OE’s activities and priorities, click here.

Further information regarding the challenges and needs associated with the Nation’s energy infrastructure can
be found in the 2015 releases of the Department’s Quadrennial Technology Review.

C56-08. ADVANCED GRID TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Electricity is the lifeblood of modern society, and many of the quality-of-life improvements in human history
have been catalyzed by widespread access to affordable electricity. The ability to control, shape, and condition
electric power is critical, and requires the use of power electronics. The electric power grid is facing increasing
stress due to fundamental changes in both supply-side and demand-side technologies. On the supply-side,
there is a shift from large synchronous generators to smaller, lighter units (e.g., gas-fired turbines) and
variable invertor-based energy resources (renewables) with utility scale energy storage. On the demand-side,
there is a growing number of distributed energy resources, as well as a shift from large induction motors to
rapidly increasing use of electronic converters in buildings, industrial equipment, and consumer devices. The
monitoring and control systems used for operations are also transitioning from analog systems to systems
with increasing data streams and more digital control and communications from systems with a handful of
control points at central stations to ones with potentially millions of control points distributed throughout the
grid.

Grid modernization will require the adoption of advanced technologies, such as advanced power electronics,
smart meters, automated feeder switches, fiber optic and wireless networks, energy storage, and other new
hardware. It must also encompass and enable the application of intelligent devices, next-generation
components, cybersecurity protections, advanced grid modeling and applications, distributed energy
resources, and innovative architectures. Integration of these technologies will require a new communication
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and control layer to manage a changing mix of supply- and demand-side resources, evolving threats, and to
provide new services.

The transition to a modern grid will create new technical challenges for an electric power system that was not
designed for today’s requirements. Customers have never relied more on electricity, nor been so involved in
where and how it is generated, stored, and used. Utilities will continue retrofitting the existing infrastructure
with a variety of smart digital devices and communication technologies needed to enable the distributed, two-
way flow of information and energy. Reliability, resilience, and security will remain a top priority as aging
infrastructure and changing demand, supply, and market structures create new operational challenges.

All applications to this topic should:

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

e C(learly define the merit of the proposed innovation compared to competing approaches and the
anticipated outcome.

e Emphasize the commercialization potential of the overall effort and provide a path to scale up in
potential Phase Il follow-on work.

e 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.

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

Grant applications are sought in the following subtopic:

a. Advanced Materials for Power Electronic Components in Medium and High Voltage Grid Applications
The electric grid is going through a modernization process with growing penetration of renewables, multi-
directional power flow, and demand-side management based on real-time data. This means a transition from
centralized generation-based unidirectional power flow grid to a dynamic and fast-responsive grid with
distributed generation, highlighting the critical role of power electronics in the grid modernization.

Power electronics (PE) in this context refers to the broad set of technologies (e.g., materials, components,
subsystems, and systems) necessary for the control and conversion of electricity. A power electronic system
(PES) is a self-contained, fully functional collection of hardware and software that safely and efficiently
converts current-type (e.g., AC to DC, DC to AC), voltage (e.g., DC to DC), frequency (e.g., AC to AC), or any
combination thereof, and conditions electric power according to application-specific requirements. PESs are
widespread in electric power systems for a variety of applications, highlighting the importance of continued
advances in PE.

Materials play a critical role in the design and performance of a PES and associated subsystems. Innovations in
semiconductors, magnetics, dielectrics, and conductors can be leveraged across the various key components
to develop next-generation systems, reduce cost, improve fundamental properties and capabilities needed for
grid applications.

Applications are being sought on material level innovation for power electronic components (e.g., capacitors,
transformers, semiconductor devices, inductors) used in medium and high voltage grid applications (e.g.,
HVDC, Power Flow Controllers). Desired advanced materials for power electronic components are affordable,
readily available, and show significant performance improvements over currently available materials.
Applications must demonstrate how the advanced material in question provides significant performance



Back to Table of Contents

improvements over currently available materials, and that it will be applicable to medium and high voltage
grid applications.

Questions — Contact: Andre Pereira, andre.pereira@hqg.doe.gov

b. Grid-Enhancing Technologies to Reduce Electricity Delivery Losses and Improve T&D Systems Energy
Efficiency and Utilization

With the development of the Smart Grid, especially in the distribution grid, and with the possibility of load

modeling, control over the peaks of energy demand becomes vital. The peaks of demand are serious problems

and present themselves in the electrical system.

Transmission congestion and distribution system overloading have recently become more of an issue as we
move to the grid of the future. Congestion occurs when the scheduled or actual flows of electricity are
restricted either by physical capacity constraints on a particular device or by operational safety constraints
designed to preserve grid reliability. At a load level system overloading occurs when a distribution transformer
loading exceeds its design parameters resulting in reduced power quality, premature equipment failure and in
some cases can lead to fires.

Another issue that needs to be addressed is that transmission and distribution (including substation) “T&D”
have losses of the wires and equipment that the energy passes through. The energy losses greatly depend on
the physical characteristics of the system and how is operated. T&D losses between 6% and 8% are currently
considered normal. In 2005 according with the data from the Energy Information administration, T&D losses
amounted to almost $19.5 billion.

Energy-enhancing technologies would help reduce the line losses, congestion, and equipment losses. Some
examples are Flexible AC Transmission Systems (FACTS), technology component to increase distribution
transformer efficiency, wide area monitoring system etc.

Energy efficiency is one of the easiest and most cost-effective ways to combat climate change, reduce energy
costs for consumers, and improve the competitiveness of U.S. businesses. Energy efficiency is also a vital
component in achieving net-zero emissions of carbon dioxide through decarbonization.

Applications are sought on technology impact to reduce wire losses, transmission congestion, distribution
system overloading and improve T&D efficiency. Applicants must describe the targeted use-case with
sufficient detail their technology will address. Desired technologies are affordable, readily available, and
show significant performance improvements over currently available technologies.

Questions — Contact: Fernando Palma, fernando.palma@hqg.doe.gov

References: Subtopic a:
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Electronics Factsheet, March 2015,
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Subtopic b:

1. ABB Inc., Energy Efficiency in the Power Grid, 2014,
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C56-09. ADVANCED POWER CONVERSION SYSTEM FOR GRID-TIED ENERGY STORAGE &
ENERGY STORAGE DEPLOYMENT

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The widespread adoption of grid-tied energy storage systems continues to grow, especially due to increasing
deployment of renewable energy such as photovoltaic and wind energy systems. Grid-tied energy storage
systems add valuable functionality such as renewable firming, frequency regulation, power quality
enhancement, and dynamic stability support. Grid storage will ultimately improve the reliability, flexibility,
security, and quality of the existing electricity infrastructure in both grid-tied and off-grid systems. The
enabling technology that is crucial to these applications is the power conversion system (PCS). The power
conversion system controls the power supplied and absorbed from the grid to energy storage device
performance while maintaining grid stability. Critical electrical components used in PCS are semiconductors,
magnetics such as transformers and inductors, and capacitors. With the advances in wide bandgap
semiconductor devices such as SiC and GaN, new topologies for PCSs are emerging due to their high switching
frequency, high junction temperature, and high breakdown voltage capabilities.

Energy storage is a key technology needed to maintain reliability and resource adequacy as the electrical grid
transitions to increasing amounts of renewable energy, distributed energy resources, and electrification.
While energy storage technologies have seen an increasing number of commercial deployments across a both
stationary and transportation-based sectors, the global market for storage capacity is expected to grow
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approximately three to five times its current size by 2030%. Currently in the U.S. pumped hydro-power storage
makes up the vast majority of deployed storage capacity, however aggressive decarbonization and
electrification scenarios require as much as 3,000 times more non-pumped hydro energy storage technologies
such as batteries to be deployed by 2050 compared to current levels?. In order to accelerate deployment of
storage that can fulfill this market, innovations that can reduce costs, improve value proposition, and reduce
deployment barriers are required to allow stakeholders across different sectors and regions to invest in
storage solutions at more rapid pace than today.

Grant applications are sought in the following subtopics:

a. High Density Cell-Level Battery Power Converters for Next Generation Grid-Tied Energy Storage Systems
Typical battery energy storage system designs employ a DC-DC converter front-in followed by a grid-tied
inverter via a line frequency transformer. Wide bandgap semiconductors are making significant impact on the
performance of next-generation power converters. With their high switching frequency and high junction
temperature capability, the overall power converter volumetric density can be increased by an order of
magnitude. For example, higher switching frequencies can reduce the size of passive components such as
magnetics and capacitors. Magnetics and capacitors in conventional designs can take up a disproportionately
large piece of the power converter footprint, especially if the design requires a passively cooled thermal
management system. Battery cells for grid-tied applications are typically configured in a cylindrical or
prismatic format. The basic cell configurations are assembled in series to increase output voltage, or in parallel
to increase current carrying capability.

Applications are sought to develop and demonstrate a high-density, high-gain, DC-DC, cell-level power
conversion system. The inherent advantage of having a dedicated cell-level converter is that each converter
will operate at optimal operating point of each cell and thus improving its performance and eliminating the
possibility of dangerous charge and overcharge conditions potentially leading to thermal runaway. In addition,
with a controllable high-gain DC output, early cell degradation detection is possible, and the user can either
bypass the cell or run it at partial rated power thus maximizing the availability of system power. The advanced
cell-level converter must have the same footprint as a prismatic cell (<4 Vdc, >50 Ahr), a DC-gain greater than
100X (i.e., this makes it attractive for 350+ dc-link voltage required by 120V single-phase inverters), the ability
to operate in series and/or parallel, and an overall efficiency of greater than 98%. The cell-level converter
should connect directly to the positive and negative terminals (typically pole connections) of the prismatic cell.
The terminals are located on the top of the cell, which measures approximately 2-3 inches by 5-6 inches.
Distances between terminals vary by manufacturer but 3-inch separation can be assumed. The cell-level
converter must conform to the terminal face of the cell and be less than 2 inches high. Special considerations
should be made to ensure heat generated in the device does not contribute to cell overheating. The cell-level
converters will be configured into a standard AC system design (i.e., standard inverter and utility interconnect)
with an overall power rating of greater than 2 kW and 120 V single-phase output for remote power
applications. The final design should show a significant increase in performance, cost reduction, and decrease
in footprint compared to a traditional off-grid power conversion design.

Questions — Contact: Imre Gyuk, imre.gyuk@hg.doe.gov

b. Innovations to Accelerate Energy Storage Deployment
This subtopic is seeking innovations that accelerate deployment of energy storage by enhancing energy
storage’s ability to provide benefits and reducing current barriers that prevent or delay energy storage from

! Energy Storage Grand Challenge Energy Storage Market Report
2 Storage Futures Study: Economic Potential of Diurnal Storage in the U.S. Power Sector (nrel.gov)
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being deployed where they are capable of providing benefits. Innovation areas of interest include:

Development of enhanced control, communication, or decision-making technologies that improve of
customer sited energy storage system’s ability to provide benefits to the grid, support customer
energy resiliency, support integration of distributed energy resources (DERs), or combinations of
these opportunities

Innovations that reduce amount of time, cost, or other resources needed to integrate energy storage
systems into larger systems such as utility grids, microgrids, and building systems

In order to demonstrate real world impacts and near-term benefits, applicants responding to this topic should
target innovations that can be demonstrated at or near scale using the funding provided by the SBIR program.
Applicants must consider the scale of effort and resources required to demonstrate their concept at scale,
including targeting projects that address barriers in appropriate market segments such as multi-dwelling
residential and small commercial sectors as opposed to targeting markets that may require large scale storage
projects and significant capital outside the scope of what the SBIR program can fund. Applicants are
encouraged to identify project partners that will serve as example stakeholders that can benefit from the
proposed innovation being deployed in Phase 2 of this opportunity.

Application Requirements:

Applicants must describe a targeted use-case in sufficient detail that their innovation will address. This
can include targeting specific locations, customer types, or other characteristics that would specifically
benefit from the proposed innovation.

The proposed innovation must leverage mature storage technologies that can be safely used at the
specified site and adhere to all necessary codes and standards.

Applicants will describe how any newly developed technologies or methods to control, coordinate,
monitor or otherwise interface with the energy storage system or site infrastructure will be
conceptually designed in Phase 1 and validated in Phase 2 if awarded.

Phase 1 Objectives:

e Approach and Feasibility: Initial analysis, scoping, and design of the concept that will show that the

described innovation can be successfully implemented and validated using up to $1.1 million (amount
provided by SBIR Phase 2 funding) or less and fulfill all outlined objectives.

e Benefits Analysis: Detailed project economic model, techno-economic analysis, or other evidence of

benefits that explains the relevant economic and non-economic benefits that will come from this
innovation.

e Market Impact Analysis of Potential Beneficiaries: Will quantify how the developed innovation will

accelerate the amount of storage deployed as well as the economic and societal benefits the concept
can provide to its target market.

Phase 2 Objectives:

Concept Validation: Project performer will identify actual or representative site that they will conduct a
full hardware, controls, software, etc. demonstration and validate the that the innovation can be
successfully deployed in their target market and use case using the funding provided (up to $1.1
million) from Phase 2.

Areas specifically not of interest include:
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e R&D of new materials or components for the storage block component of energy storage technologies
(as defined by the ESGC Cost and Performance Report?) that are not yet commercial

e Activities that support deployment of energy storage in already developed markets such as
deployment of PV and Storage for residential utility bill management

e Applications which consist of entities looking for financial support for purchasing energy storage
systems that could otherwise be acquired in a traditional procurement process

Questions — Contact: Vinod Siberry, vinod.siberry@hqg.doe.gov
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PROGRAM AREA OVERVIEW: OFFICE OF ENERGY EFFICIENCY AND RENEWABLE ENERGY

The Office of Energy Efficiency and Renewable Energy (EERE) accelerates the research, development,
demonstration, and deployment of technologies and solutions to equitably transition America to net-zero
greenhouse gas emissions economy-wide by no later than 2050, creating good paying jobs, and ensuring the
clean energy economy benefits all Americans, especially workers and communities impacted by the energy
transition and those historically underserved by the energy system and overburdened by pollution.

Achieving this goal in an equitable manner will require leveraging the expertise and talents of small
businesses. EERE’s FY 2022 Phase | SBIR/STTR topics are focused on five investment areas that are central
pillars of the U.S. greenhouse gas (GHG) profile:

e Decarbonizing the electricity sector. To initiate a path to achieve a carbon pollution-free electricity sector
no later than 2035, EERE’s focus is to support technologies that will allow us to generate all electricity from
clean, renewable sources. To transition to a carbon-free power sector, advancements are needed to
continue to make major strides to integrate more renewable energy generation onto the grid, while
ensuring it is reliable, secure, and resilient, even as it evolves.

e Decarbonizing transportation across all modes: air, sea, rail, and road. The transportation sector has
historically relied heavily on petroleum, which supports over 90 percent of the sector’s energy needs
today; as a result, the sector has surpassed electricity generation to become the largest source of CO;
emissions in the country. This investment area aims to develop and enable new zero emission light-duty
vehicle sales; address the Nation’s sustainable aviation fuel demands; and increase the commercial
viability of hydrogen fuel cells for long-haul heavy-duty trucks.

e Decarbonizing energy-intensive industries. Industrial processes currently contribute as much as 20 percent
of the Nation’s carbon emissions. To phase out emissions, EERE will support approaches that rely on
renewable energy and fuels such as hydrogen to power industrial processes, capture and use carbon
emissions, and vastly improve efficiency.

e Reducing the carbon footprint of buildings. EERE supports efforts to reduce the carbon footprint of the U.S.
building stock by 50% by 2035. Such advances will be made while maintaining or improving affordability,
comfort, and performance.

e Decarbonizing the agriculture sector, specifically focused on the nexus between energy and water.
Agriculture represents nearly 10 percent of the Nation’s carbon emissions, and EERE looks to make
investments that drive a cleaner agriculture sector.

Please note that each topic and subtopics may have unique requirements for responsive application
submissions; review the requirements for each topic and subtopic carefully to ensure you are responsive to
requirements where applicable.

Technical and Business Assistance (TABA) Program and the American-Made Network

Applicants are encouraged to take advantage of the Technical and Business Assistance (TABA) Program, which
provides funding for commercialization activities in addition to SBIR/STTR research funding. Please read all
sections of this FOA with more information about this program and how to apply for this additional funding
opportunity. The American-Made Network is an excellent resource for finding commercialization-assistance
providers and vendors with specific expertise across EERE’s technology sectors. The Network helps accelerate
innovations through a diverse and powerful group of entities that includes National Laboratories, energy
incubators, investors, prototyping and testing facilities, and other industry partners from across the United
States who engage, connect, mentor, and amplify the efforts of small businesses. The Network can help
companies solve pressing technology challenges, forge connections, and advance potentially game-changing
ideas and innovations.
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C56-10. JOINT TOPIC: DECARBONIZATION OF AGRICULTURE, BUILDINGS, TRANSPORT,
INDUSTRY AND THEIR COMMUNITIES

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The objectives of this topic on decarbonization of Agriculture, Buildings, Transport, and Industry are to enable
major reductions in carbon emissions in these sectors to help meet the Biden Administration greenhouse gas
(GHG) reduction objectives—50 percent reduction by 2030 and net-zero carbon economy by 2050.4

This joint topic is a collaboration among U.S. Department of Energy’s Advanced Materials & Manufacturing
Technologies (AMMTO), Building Technologies (BTO), Bioenergy Technologies (BETO), Industrial Efficiency and
Decarbonization (IEDO), Vehicle Technologies (VTO), and Water Power Technologies (WPTO) Offices.[°] This
topic is not intended to comprehensively cover all aspects of decarbonization, rather, this joint topic generally
supplements individual office topics with those aspects of decarbonization R&D best suited to joint efforts.

All applications to this topic must:

e (learly indicate the subtopic and area of interest;

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions-- Justify all performance claims with theoretical predictions and/or
relevant experimental data.

e Propose a tightly structured program which includes clearly defined, relevant materials and
manufacturing RD&D metrics (including energy savings where applicable). The program should include
guantitative technical milestones, timelines, and expected deliverables that demonstrate aggressive
but achievable progress;

e Provide evidence that the proposer has relevant materials and or manufacturing experience and
capability; and

e Explain applications of project output and potential for future commercialization including projections
for cost and/or performance improvements that are tied to a clearly defined baseline.

In addition to reducing carbon emissions to net zero in all sectors by 2050, the Biden-Harris Administration
seeks a more immediate equitable economic recovery that requires the expertise and talents of small
businesses. While increasing equity is a concern for the topic in general, one way to advance equity as well as
accelerate carbon reduction is to develop equitable and inclusive innovative technology solutions through a

4 Under Executive Order 14008, “Tackling the Climate Crisis at Home and Abroad,” (Executive Office of the President. (2021). Executive Order
14008, https://www.federalregister.gov/documents/2021/02/01/2021-02177/tackling-the-climate-crisis-at-home-and-abroad) the President set a
national goal of reducing greenhouse gas emissions to net-zero by 2050. Under the Paris Agreement, the United States set a Nationally Determined
Contribution of reducing GHGs 50-52 percent by 2030, and confirmed the goal to reach net-zero GHG emissions by 2050 (U.S. (2021). USA NDA at
https://unfccc.int/sites/default/files/NDC/2022-06/United%20States%20NDC%20April%2021%202021%20Final.pdf). Executive Order 13990
declared that the federal government must be guided by the best science to improve public health, protect our environment, reduce GHG
emissions, ensure access to clean air and water, prioritize environmental justice, and create well-paying union jobs (The White House. (2021).
Executive Order 13990, “Protecting Public Health and the Environment and Restoring Science To Tackle the Climate Crisis”.
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-
restoring-science-to-tackle-climate-crisis/).

5 For more information on all of the DOE applied energy programs supporting this topic and subtopics, see the following websites for Tech Offices
within DOE’s Office of Efficiency and Renewable Energy (EERE): Advanced Manufacturing Group (https://energy.gov/eere/amo), Advanced
Materials and Manufacturing Technologies (AMMTO) Building Technologies Office (BTO) (https://energy.gov/eere/buildings), Industrial Efficiency
and Decarbonization Office (IEDO); the Vehicle Technologies Office (VTO) (https://www.energy.gov/eere/vehicles/vehicle-technologies-office); and
the Water Power Technologies Office (WPTO) (http://energy.gov/eere/water/water-power-program)
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community partnership approach. The requirements below, however, are only for the specific community
areas of interest under each subtopic:

Crosscutting Community-Driven Decarbonization Areas of Interest

The offices are, under each of the subtopics, soliciting in a specific area of interest for applications from small
businesses that are focused on community partnerships. Such partnerships are critical to achieving the
national goal of net-zero carbon emissions as technology deployment depends on communities exercising
agency in the integration of innovative technologies. These areas of interest under each subtopic support
technology integration into communities through informed decision-making, community-centered research,
and engagement at the local, state, and/or regional levels. They are specifically intended to assist new
technologies that face cultural, economic, and societal hurdles to responsible and accelerated deployment.
Trusted and community-driven research is fundamental to multiple stakeholders including rule makers,
environmental regulators, clean energy industry developers, technology researchers and developers, and,
most importantly, communities. These areas of interest encourage small business technology developers to
incorporate community needs and inputs to the extent possible into their decarbonization R&D.

Additionally, these areas of interest encourage the participation of small businesses from disadvantaged
communities, and/or with extensive, substantive partnerships with disadvantaged communities. Applicants
are encouraged to review the guidance and definitions for communities, disadvantaged, and direct benefits
outlined in M-21-28, the Interim Guidance for the Justice40 Initiative to understand about potentially
impacted persons or communities of interest for this topic. Partnering is co-beneficial for both the small
businesses and the disadvantaged communities that have often been left out in the initial stages of clean
energy and climate technology development.

Specifically for the community-driven decarbonization areas of interest all applications must:

. Demonstrate innovation in technology as well as community partnering. The community
engagement should be treated as an R&D component of the project, with a design package and a
robust implementation and evaluation plan (detailing the method and level of involvement from
members of the disadvantaged community organization partner(s)) and will be reviewed based on
the “Scientific/Technical Approach” review criteria.

. Provide evidence that the team has sufficient experience, expertise, and/or capability in working in,
or with disadvantaged communities;

° Include an organization representing at least one disadvantaged community and/or non-federal
government entity.

° Provide a letter of support/commitment from the partnering community organization(s) towards
participation in the project;

. Include an initial analysis of the applications’ value to the community partner.

° Emphasize in Phase | end-user and community partnerships for the proposed concept by collecting

end-user/ community requirements; converting collected requirements into system design
requirements; using those design requirements to inform preliminary prototype design; and
performing preliminary proof-of-concept testing or modeling of system components.

° For Phase I, small businesses should demonstrate the system design based on findings from Phase
| and perform a pilot of the community-driven technological solution.

The following 4 subtopics and corresponding areas of interest contain further details and requirements.
Applications outside of the following subtopics and areas will not be considered.

a. Agricultural Decarbonization
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This subtopic is focused on decarbonizing the agriculture sector, specifically focused on the nexus between
energy and water. Agriculture represents nearly 10 percent of the Nation’s carbon emissions, and EERE looks
to make investments that drive a cleaner agriculture sector. This subtopic is being led by the Bioenergy
Technologies Office (BETO) with contribution from other offices. BETO advances technologies that convert
domestic biomass and other waste resources into cost effective, low-carbon biofuels and bioproducts. These
technologies hold the promise of enabling a transition to a clean energy economy, creating high-quality jobs,
supporting rural economies, and spurring innovation in renewable energy and chemicals production as part of
the bioeconomy. This subtopic solicits innovative research and development (R&D) applications for
decarbonization of Agriculture in the following three areas of interest:

1. Agricultural Decarbonization through Alternate Proteins and Amino Acids to Reduce Livestock-
Associated Emissions
The EPA has previously estimated that 37% of methane emissions from human activity are the direct
result of our livestock and agricultural practices [1]. One of the largest GHG contributors associated
with livestock production comes from methane associated with enteric fermentation which accounted
for 175.2 MMT CO2eq, or about 30% of all US agricultural emissions in 2020. Enteric fermentation
results in methane emissions as a byproduct of livestock digestion processes (particularly cattle and
other ruminants). Beef cattle accounted for 72% of methane emissions in the US in 2020 associated
with enteric fermentation [2].

BETO is seeking applications aimed at the production of novel alternative proteins and/or precursor
amino acids from biomass that can be used as plant-based substitutes for animal-based food products.
Target technologies should demonstrate the potential to reduce GHG emissions and other
environmental impacts associated with livestock.

Applications specifically focused on currently commercial commodity proteins are not of interest.
Preference will be given to technologies with the lowest overall carbon intensity scores.

2. Agricultural Power Decarbonization
This area of interest aims to support small businesses that advance technologies in agricultural
opportunities related to irrigation modernization and other alternative opportunities in hydropower in
agricultural communities. By harvesting power from the flow of water through irrigation canals and
pipes, irrigation water suppliers and users can self-supply clean energy while reducing or eliminating
the need for diesel pumps. Modernization also allows for the adoption of precision agriculture and
other practices that support decarbonization, such as crop changes and reduced use of fertilizer. Areas
of interest include hardware and/or software tools to enable harvesting water power from irrigation
canals and pipes and/or otherwise modernize agricultural systems through water power technologies

[3].

3. Community-Driven Agricultural Decarbonization for a Just and Equitable Energy Transition
This area of interest aims to support small businesses that advance agricultural decarbonization
technology by integrating opportunities for advancing equity. Specific areas of interest include:
e Emission-reducing technologies/strategies for agricultural operations.
e A conversion process transforming local sources of agricultural biomass (including waste
biomass) to net negative emissions fuels and fuel intermediates (e.g., Sustainable Aviation
Fuels, alternative marine/rail fuels) or net negative emission bioproducts and chemicals.
e Opportunities for use of the resulting product(s) within or for the benefit of the agricultural
communities.
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e Soil carbon storage technologies/strategies that can be implemented and/or monitored at the
community scale.

e Advanced waste reduction and utilization technologies and processes (e.g., on-farm waste
utilization to reduce need for inputs, such as fertilizer, diesel, etc.)

e Bioenergy production strategies and/or technologies that innovatively maximize participation
of and/or benefit to communities directly.

Questions — Contact: Andrea Bailey, Bioenergy Technologies Office, Andrea.Bailey@ee.doe.gov and Elizabeth
Burrows, Bioenergy Technologies Office, Elizabeth.Burrows@ee.doe.gov

b. Buildings Decarbonization

The DOE supports efforts to reduce the carbon footprint of the U.S. building stock by 50% by 2035. Such
advances will be made while maintaining or improving affordability, comfort, and performance. This subtopic
is led by EERE’s Building Technologies Office (BTO) with contribution from other offices. It solicits innovative
research and development (R&D) applications for decarbonization of Buildings in the following two areas of
interest:

1. Decarbonizing Buildings HVAC Direct Air Capture (DAC) systems
This topic solicits applications to advance the development of efficient and cost-effective heating,
ventilation, air-conditioning (HVAC) direct air capture systems for existing and new buildings. BTO
seeks to accelerate the development of next generation heating of HVAC systems with direct air
capture capabilities. HVAC is the largest energy end-use for U.S. buildings, consuming approximately
38% (14.3 Quads) of total building energy in 2021, 35% of building electricity use, and a very large
share of peak power demand. Water heating (3.6 Quads) is primarily a residential function (81% of all
water heating energy use). Today’s HVAC systems are already moving air to heat or cooling a building.
According to the IEA [1], air conditioning (AC) accounts for nearly 20% of the global electricity used in
buildings around the world today, as well as driving up emissions. With the utilization of DAC
technology, HVAC systems can be leveraged to directly decarbonize the heating and cooling of
buildings as general AC usage is increasing globally.

There are two main air sources to remove carbon (CO;) from inside or outside air. Removing carbon
from indoor air is a filtration task, advanced filtration [2]. By removing carbon as well as humidity from
conditioned air, less fresh air is required to be introduced thereby limiting the load on the HVAC
system. The energy savings are larger when the difference between indoor and outdoor temperatures
are great, in extreme summer and winter weather conditions. The other air source is outside air. This
HVAC DAC system would operate just like a traditional DAC system except that size of the system is
small and HVAC system have fans that move air dissipate (AC function) or extract heat (heating, heat
pump system) from the environment.

The main thrust for this topic is enable the use of DAC technology in HVAC systems and leverage their
air circulation capabilities. This subtopic seeks innovative solutions that will integrate direct air capture
(DAC) in HVAC systems; develop new technologies that are effective at capturing carbon dioxide from
dilute HVAV indoor and outdoor air sources and enable cost-effective solutions. This subtopic will also
focus on the applied R&D needed to integrate DAC technology into existing buildings on a significant
scale. To reduce emissions and advance energy efficiency, the BTO pursues solutions that are systems-
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oriented to optimize energy use in the entire building. Improved HVAC technologies with DAC
capabilities offer significant opportunity for energy and emission savings.

Applicants should clearly describe how new HVAC DAC can be integrated in existing and new buildings
and deliver direct as well as life-cycle energy, carbon, and comfort advantages. Applicants should
describe how the CO2 can be stored and moved offsite for long term storage or utilized by industry,
the energy input needed for both HVAC and DAC operation, and the overall system economics. The
objective is to advance the development of applications to advance the development of efficient and
cost-effective heating, ventilation, air-conditioning (HVAC) direct air capture systems for existing and
new buildings.

All applicants must include metrics for carbon reduction, energy efficiency improvements, and

emissions reduction.

Objective/ Metric Target Stretch Baseline
Goal Target Performance
Payback period, cost years < 5vyears <3 vyears Applicant
effectiveness Defined
Energy efficiency cop 5%, increase 15%, Applicant
improvements, HVAC increase Defined
Size and/or weight increases | Volume (ft3, m3) | <50%, <30%, Applicant
relative to today’s current or Weight (lbs., increase in increase in | Defined
state of the art units. kg) volume volume

Volume important for and/or weight | and/or

system on the ground and weight

weight critical for roof-

based systems.

Carbon Capture metric tCO,/year 1.5 * rated 2.0 * rated | Applicant
system AC system AC | Defined
tonnage tonnage

Lifetime years 212 215 Applicant

Defined

Service to maintain as-new | Yes/No Little to no Applicant

performance increase as Defined
compared to
state-of-the-
art HVAC
design

2. Community-Driven Building Decarbonization for a Just and Equitable Energy Transition
This area of interest aims to support small businesses that advance building decarbonization
technology by integrating opportunities for advancing equity and meeting all the requirements for this
area specified before the beginning of the subtopics.

Questions — Contact: Tony Bouza, Building Technologies Office, Antonio.Bouza@ee.doe.gov and Tina
Kaarsberg, Advanced Materials and Manufacturing Technologies Office Tina.Kaarsberg@ee.doe.gov

c. Transportation Decarbonization
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The transportation sector has historically relied heavily on petroleum, which supports over 90 percent of the
sector’s energy needs today; as a result, the sector has surpassed electricity generation to become the largest
source of CO; emissions in the country. This DOE subtopic aims to address the Nation’s sustainable aviation
fuel demands; develop and enable new zero emission light-duty vehicle sales; and increase the commercial
viability of hydrogen fuel cells for long-haul heavy-duty trucks. In collaboration with other offices, this
subtopic is being led by DOE’s Bioenergy Technologies Office (BETO), which advances technologies that
convert domestic biomass and other waste resources into cost effective, low-carbon biofuels and bioproducts.
These technologies hold the promise of enabling a transition to a clean energy economy, creating high-quality
jobs, supporting rural economies, and spurring innovation in renewable energy and chemicals production as
part of the bioeconomy. This subtopic solicits innovative research and development (R&D) applications for
decarbonization of Transportation in the following areas of interest:

1. Low-Carbon Liquid Biofuels for the Aviation, Maritime, Rail, and Medium-to-Heavy Duty Transportation
Sectors
As part of the Government’s comprehensive strategy to decarbonize all modes of transportation, BETO
is primarily focused on RD&D to produce “drop-in” biofuels from renewable biomass and waste
resources that are compatible with existing fueling infrastructure and difficult-to-electrify modes of
transportation including aviation, maritime, rail, and medium-to-heavy duty vehicles (on and off-road).
This multi-faceted approach is part of the Administration’s strategy to spur the development of
homegrown renewable biofuels, which is critical to expanding Americans’ options for affordable fuel in
the short-term and to building real energy independence in the medium- to long-term by reducing our
reliance on fossil fuels.

This topic seeks applications that aim to investigate new liquid low-carbon biofuel production
pathways with at least a 70% green house gas (GHG) decrease on a life-cycle basis as compared to
equivalent petroleum-based fuels for the aviation, maritime, rail, and/or medium-to-heavy duty
transportation sectors. Anticipated approaches can include, but are not limited to:

e The development of new renewable biofuel(s) or biofuel intermediate(s) technology pathways
harnessing underutilized biomass, waste resources, oil-seed cover crops, algae, or other
biobased feedstocks;

¢ Novel blending of biobased feedstocks, intermediates, or precursors that can be upgraded into
finished fuels through commercially available methods;

e Novel upgrading techniques that harness up and coming biobased intermediates; and

e Improving the carbon conversion efficiency and/or reduction in the GHG emissions during the
production of commercially available renewable biofuels (such as ethanol and biodiesel).

Of particular interest, is R&D on biofuel pathways that will lead to a 100% “drop-in” biofuel that will
not require any blending with petroleum fuels or additives. The biofuel will not need to meet 100%
“drop-in” specification by the end of Phase | or Il, especially since regulatory approval may limit the
blend ratio to <50%, but the biofuel(s) should show potential for meeting applicable specifications to
displace the incumbent and provide at least a 70% GHG reduction.

By the end of Phase Il awards, the subject biofuel(s) production technologies should be able to show
proof of concept by demonstrating technical feasibility using alpha prototype(s) or integration and
testing of components. The pathway to commercialization of these novel technologies should be
through subsequent scale-up by combining technology components, unit operations, or subsystems,
testing under integrated operations, producing sufficient biofuels for downstream testing, and
verifying the integrated process at various scales. Successful Phase Il awards are encouraged to apply
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for additional scale-up funding via BETO’s annual Scale-Up FOA [3], which is subject to future
appropriations.

Energy Efficient Mobility Systems (EEMS) Decarbonizing Transportation through Shared Mobility

This area of interest is led by the Vehicle Technologies Office (VTO) which funds early-stage, high-risk
research that develops new, affordable, efficient, and clean transportation options that increase
domestic economic opportunities. EEMS is one of the major programs within VTO and conducts early-
stage research and development (R&D) at the vehicle, traveler, and system levels, creating knowledge,
insights, tools, and technology solutions that increase mobility energy productivity for individuals and
businesses. This multi-level approach is critical to understanding the opportunities that exist for
optimizing the overall transportation system. The EEMS Program uses this approach to develop tools
and capabilities to evaluate the energy impacts of new mobility solutions, and to create new
technologies that provide economic benefits to all Americans through enhanced mobility.

An overview of the EEMS program is best provided through the VTO Annual Merit Review database [1]
and through Annual Progress Reports [2]. For this SBIR area of interest, the EEMS program welcomes
applications that focus on developing innovative solutions that improve shared mobility. Examples of
technologies of interest include, but are not limited to:

e Technologies that improve transit optimization

e Technologies to enable First-mile/last-mile connectivity

e Pooled ride-share

e Micro-transit

Successful applications should:
e C(learly describe the shared mobility and transportation problems and challenges they seek to
address
e C(learly describe what novel shared mobility solution they seek to develop and apply
e Clearly describe the baseline carbon emissions of the problem space they seek to address and
propose relevant metrics to be able to quantify BOTH the mobility benefits AND the potential
for decarbonization of the proposed solutions.

Applications that use or seek to further develop automated technologies to enable shared mobility are
encouraged; however, automated technology solutions are not required for this area of interest.

Applications that are not of interest are straightforward implementations of existing technologies and
solutions; this sub-topic seeks innovative ideas. Applications that are primarily focused on
procurement are also discouraged.

EEMS recognizes that smartphone applications (“apps”) may be a part of any shared mobility solution.
However, applications whose primary effort appears to be in app development will also be
discouraged.

Applications deemed to be duplicative of research that is already in progress by VTO, as well as by
other agencies, including state and local governments, and by the private sector, will not be funded;
therefore, all submissions should clearly explain how the proposed work differs from other work in the
field. Note that the area of improving shared mobility is an area of active research and where many
jurisdictions have many “pilot” programs. The intent of this SBIR subtopic is to complement these
efforts.
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Questions — Contact: Ben Simon, Bioenergy Technologies Office, Ben.Simon@ee.doe.gov and Energy Efficient
Mobility Systems (EEMS) eems@ee.doe.gov

d. Industrial Decarbonization

Industry represents 30% of U.S. primary energy-related CO, emissions, or 1360 million MT CO2(2020) [1]. To
phase out emissions, DOE will support approaches that rely on electrification of process heating operations,
biomanufacturing, and vastly improved efficiencies. This subtopic is being led by EERE’s Industrial Efficiency
and Decarbonization office (IEDO), which is part of a larger EERE/DOE effort to research, develop, and
demonstrate energy efficiency and GHG emissions reduction technologies to reach net zero carbon emissions
nationwide by 2050. The IEDO focuses on emerging industrial technologies, pilot-demonstrations, and
technology partnerships to drive U.S. industrial decarbonization, productivity, and economic competitiveness.
This subtopic reflects DOE’s support for activities that address decarbonization in energy- and emissions-
intensive industries, cross-sector industrial emissions technologies, as well as technical assistance and
partnerships. Innovative research and development (R&D) applications to decarbonize industrial processes will
contribute to DOE goals of strengthening domestic manufacturing and achieving resiliency in the industrial
sector.

This subtopic is also being supported by EERE’s Bioenergy Technology Office (BETO), which supports
development of low-carbon fuels and energy through focus on alternative feedstocks (e.g., biomass, waste,
CO;) and process improvements through biomanufacturing.

Applications must address one of the following areas of interest:

1. Industrial Energy Efficiency through Conductivity-enhanced materials
Energy efficiency is a crosscutting approach to achieve carbon emissions and cost reductions across the
industrial sector. While some efficiency gains can be made via optimization of processes, innovative
materials R&D also is needed to achieve more ambitious emissions and cost reductions. DOE also
supports development of new technologies to improve material efficiency—i.e., reduce the amount of
material needed to provide the same service—reducing waste and improving yield.

Given the importance of electrification for industrial decarbonization, this area of interest seeks
innovative materials and systems that will reduce energy use of electrified processes. In particular, it
seeks new conductor materials—and processes to make them cost-effectively— whose system
performance is enhanced above those of today’s commercial conductors such as copper (Cu) or
aluminum (Al) used in electrical and thermal electrification applications. Applications are sought for
characterization and/or theory, modelling and simulation to improve fabrication of enhanced
conductivity materials. This area of interest encompasses both metal-based [2, 3, 4, 5, 6] and non-
metal-based approaches where the enhanced conductivity material to be studied meets minimum
thresholds for electrical and thermal conductivity enhancements. The proposed metal conductivity
enhancement must be more than 5 MS/m above the present baseline/minimum and the proposed
enhanced thermal conductivity should be above the range of 10 W/mK (watts per meter-Kelvin).

Small businesses should seek partnerships with research institutes that have leading-edge expertise
and capabilities in characterization and/or theory/modelling /simulation that is relevant to enhanced
conductivity. While small businesses that also have expertise in these areas also are encouraged to
apply, the main requirement for the small business is that they have the materials fabrication know
how to translate information from the research institutes into process improvements for fabrication of
enhanced conductivity materials. Applications are sought that could lead to breakthrough changes in
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current manufacturing processes that further improve the conductivity, affordability, non-conductivity
performance and manufacturability of the enhanced conductivity material. While an application may
be either a pure characterization — or a pure theory/modelling/simulation focused — application, all
applications must clearly describe the connection between the project focus and either
theory/modelling/simulation or characterization and how one supports the other. In describing these
connections, applicants must provide details of proposed research institute partners included in the
accompanying Table. Applications also should clearly state the application space and targeted
industries, as well as present a feasible integration plan into industrial applications. Material efficiency
technologies of interest also should include where applicable use of smart manufacturing [7] including
advanced sensors and controls, data analytics, enabling technology for Internet of Things (loT),
information and communications technology (ICT) equipment, and digital twins, among others.

Table 1. Research Institutes/Facilities with which potential partnerships are encouraged
include but are not limited to:

e The five Nanoscale Science Research Centers (NSRCs) are DOE’s premier user centers
for interdisciplinary research at the nanoscale, serving as the basis for a national
program that encompasses new science, new tools, and new computing capabilities.
Each center has particular expertise and capabilities in selected theme areas. While all
NSRCs have CABLE-relevant offerings, those of particular interest to this CABLE topic
include synthesis and characterization of nanomaterials; theory, modeling and
simulation; electronic materials; imaging and spectroscopy; and nanoscale
integration. NSRC user facilities laboratories contain clean rooms, nanofabrication
resources, one-of-a-kind signature instruments, and other instruments not generally
available except at major user facilities. NSRC resources and capabilities are available
to small businesses with research projects that compete successfully in a peer-
reviewed process [8].

e Pacific Northwest National Laboratory’s ShAPE™ tool and associated facilities as well
as facilities for testing electrical conductivity, modeling metallic and non-metallic
composite conductivity [9].

e National Energy Technology Laboratory’s Auburn campus’ industrial scale metallurgy
furnaces and covetics expertise and capability [10].

e Argonne National Laboratory’s Advanced Photon Source and MERF [11] and

e Argonne National Laboratory’s Chemical Deposition expertise, facilities, and
capabilities [12].

e Oak Ridge National Laboratory’s Manufacturing Demonstration Facility (MDF)
expertise, facilities, and capabilities for both metals and non-metals (e.g., carbon fiber
CFDF [13, 14].

e Ames National Laboratory metal powder production facilities, expertise, and
capabilities [15].

Industrial Heat Pumps to Enable Electrification

This area of interest seeks to reduce the carbon emissions associated with process heat by enabling
industrial electrification. Industrial process heating is ubiquitous in almost all major industrial
subsectors and is largely fossil-fuel based. Process heating consumes more energy than any other
manufacturing end use and is responsible for 9% of all domestic emissions. [16]. Electrification of
industrial processes has the potential to achieve deep decarbonization across multiple industries and is
aligned with the Biden administration’s goal of a clean electricity grid by 2035 [17]. Novel process heat



Back to Table of Contents

operations also have the potential to provide important co-benefits to industrial processes: improved
control, decreased waste, reduced energy usage, among others [18].

Specifically, this area of interest solicits applications for cost-effective Industrial Heat Pump (IHP)
systems, focusing on industrial process heating. Heat pump technology is a key decarbonizing
technology. Instead of burning a fuel, heat pumps work by moving heat and upgrading low-
temperature heat (heat source) to higher-temperature (heat sink). Although heat pumping technology
has advanced in other sectors with the development of advanced compressors, low-GWP refrigerants
and better heat exchangers, low fossil fuel prices and non-standardized solutions are impeding IHP
widespread adoption in the US. In the building sector for example, DOE R&D has demonstrated cost
effective cold climate heat pump technology that can operate and provide heat from ambient
temperatures (heat source) as low as -25°C (-13°F), focusing on the heat source side. For IHP, the
research focus shifts towards the heat sink side of the heat pump system where very little research has
taken place.

IHP solutions are available today with sink temperatures in the range of 90 to 150°C. This subtopic
seeks IHP applications that go up to 200°C. This higher temperature range is a technical challenge but
covers more of the range for industrial processes for waste heat recovery include drying, sterilization,
papermaking, food preparation and preheating applications. There is substantial overlap between this
technical challenge and applications that offer the opportunity to decarbonize. For example, European
statistics show that 67% of the process heat demand between 100°C and 200°C was directly supplied
by fossil fuels. From this, a considerable application potential for industrial heat pumps and their
associated emission reductions can be derived by pushing the IHP range up to 200°C.

In the US, “Accelerating Decarbonization of the U.S. Energy System” report by National Academies of
Sciences, Engineering, and Medicine calls for deploying 1-2 GW of advanced industrial heat pumps
(IHPs), with early development/demonstrations at industrial clusters to lower barriers, for a range of
process heat, drying, evaporator trains, and other applications lowering CO2 emissions with the
electricity coming from low-carbon sources. IHPs can contribute to GHG emissions reductions both
directly through refrigerant emissions reductions, as well as indirectly by reducing emissions from
power generation through energy efficiency. Refrigerants are essential in vapor compression cycles:
they absorb heat at a relatively low temperature in the evaporator and releases it at a higher
temperature in the condenser. Low global warming potential (GWP) refrigerants are required in new
IHPs since a transition is taking place towards them. Given the importance of both refrigerant
emissions and efficiency requirements for IHPs, both direct and indirect emissions targets are included
for this subtopic.

The focus in this area of interest is integration of IHP technology into existing industrial processes,
supplying heat at or below 200°C. Integration of IHPs in existing industrial processes will require a
systems approach, because waste heat is not constant during operation and application. Research
advances are required in all heat pump components, including better heat exchangers and
compressors and potentially new materials, refrigerants and non-refrigerant based solutions (e.g., non-
vapor compression solutions, functional materials).

Given the wide range of technology suitable for this subtopic, specific application targets are not
defined but proposed innovations must exceed the state-of-the-art performance significantly.
Applications must demonstrate progress in Phase | and achievement in Phase Il of the following
performance and cost targets:
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Requirements Targets

Payback period, cost effectiveness < 3 vyears

Physical size Can be integrated into existing manufacturing
systems

Lifetime > 12 years

Service to maintain as-new Little to no increase as compared to state-of-the-

performance art heat pump designs

Low global warming potential (GWP) | <150 GWP value
refrigerants, direct emissions
Indirect emissions, energy efficiency | =50% reduction

Coefficient of performance (COP) @ | = 45% Carnot COP
Highest Supply Temperature
CO2 equivalent emissions reductions | 85%

Applications may also pursue enabling technologies to utilize electricity such as thermal storage, and
enhanced controls and management. Applications should clearly state the temperature ranges and
application spaces of their proposed technologies.

3. Decarbonization and Biomanufacturing
In September 2022, the White House released an Executive Order on Advancing Biotechnology and
Biomanufacturing Innovation for a Sustainable, Safe, and Secure American Bioeconomy. As part of this
Executive Order the Department of Energy is directed to:

“[...] invest in infrastructure to accelerate bioenergy and bioproduct science advances,
biotechnology and bioinformatics tool development, and to reduce the hurdles to
commercialization, including through incentivizing the engineering scale-up of promising
biotechnologies and the expansion of biomanufacturing capacity.”

To advance this goal, BETO seeks applications developing novel chemicals from biomass that will
achieve a reduction in GHG emissions over incumbent products and exhibit the potential to be scaled
up to demonstration scale. Preference will be given to products that address markets facing challenges
with domestic production and products with the lowest overall carbon intensity scores.

4. Community-Driven Industrial Decarbonization for a Just and Equitable Energy Transition
This topic aims to support small businesses that advance industrial decarbonization technology by
integrating opportunities for advancing equity. Specific areas of interest include Industrial
Decarbonization for local food, chemicals, steel or cement manufacturers. Applications to this area
must meet the requirements for community-driven projects in the Topic before the subtopics begin.

Questions — Contact: Emmeline Kao, Industrial Efficiency and Decarbonization, Emmeline.Kao@ee.doe.gov
and Tina Kaarsberg, Advanced Materials and Manufacturing Technologies, Tina.Kaarsberg@ee.doe.gov
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C56-11. JOINT AMMTO/HFTO/IEDO TOPIC: FUEL CELL AND ELECTROLYZER RECYCLING

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

EERE’s Advanced Materials and Manufacturing Technologies Office (AMMTO) researches, develops, and
demonstrates next-generation materials and manufacturing technologies needed to improve Americans’
quality of life, increase U.S. industrial competitiveness and drive economy-wide decarbonization. AMMTO
supports the national plan to revitalize American manufacturing, secure critical supply chains, and develop
diverse innovation ecosystems leading to new manufacturing jobs and increased economic strength of the
nation. AMMTO provides planning, management, and direction necessary for a balanced program of research,
development, demonstration, and workforce development to support domestic manufacturing that is critical
to achieving a clean, decarbonized economy.

The Hydrogen and Fuel Cell Technologies Office (HFTO) is part of DOE’s comprehensive energy portfolio aimed
at building a clean and equitable energy economy and addressing the climate crisis, which is a top priority of
the Biden Administration [1].

The activities to be funded by HFTO will support the goals of DOE’s Hydrogen Shot [2], which targets
affordable clean hydrogen production at $1/kg within the decade, and the H2@Scale Initiative [3], which aims
to advance affordable hydrogen production, transport, storage, and utilization to enable decarbonization and
revenue opportunities across multiple sectors. Additionally, activities will address the new clean hydrogen
provisions of the November 2021 Infrastructure Investment and Jobs Act (I1JA), also known as the Bipartisan
Infrastructure Law (BIL). It includes provisions for the investment by DOE of $9.5 billion over five years in the
research, development and demonstration of clean hydrogen production, storage, distribution, and end use
technologies. Section 40314 includes $8 billion for establishment of at least four Regional Clean Hydrogen
Hubs, $500 million for Clean Hydrogen Technology Manufacturing and Recycling, and $1 billion for Clean
Hydrogen Electrolysis Program [4]. Applications are sought to address the overarching program goal of
facilitating wide-spread adoption of hydrogen and fuel cells across sectors and the DOE national clean
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hydrogen strategy and roadmap. The HFTO efforts include research, development, and demonstration,
including reducing the cost and improving the performance and durability of fuel cells, as well as developing
affordable and efficient technologies for hydrogen production, delivery, and storage.

The Industrial Efficiency and Decarbonization Office (IEDO) is part of a larger EERE/DOE effort to research,
develop, and demonstrate energy efficiency and GHG emissions reduction technologies to reach net zero
carbon emissions nationwide by 2050 [5]. The IEDO focuses on emerging industrial technologies, pilot-
demonstrations, and technology partnerships to drive U.S. industrial decarbonization, productivity, and
economic competitiveness. This topic reflects DOE’s support for activities that address decarbonization in
energy- and emissions-intensive industries, cross-sector industrial emissions technologies, as well as technical
assistance and partnerships.

This Topic reflects DOE’s support for activities that develop Manufacturing Technologies, Secure and
Sustainable Materials, and Clean Energy Technology.

All applications to this topic must:

e C(learly indicate the subtopic and area of interest;

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions using appropriate metrics, key performance parameters, or properties
— Justify all performance claims with theoretical predictions and/or relevant experimental data;

e Propose a tightly structured program which includes clearly defined, relevant materials and
manufacturing RD&D metrics (including energy savings where applicable). The program should include
guantitative technical milestones, timelines, and expected deliverables that demonstrate aggressive
but achievable progress towards meeting performance parameter targets;

e Provide evidence that the proposer has relevant materials and or manufacturing experience and
capability; and

e Explain applications of project output and potential for future commercialization including projections
for cost and/or performance improvements that are tied to a clearly defined baseline.

Recycling of H; fuel cells and electrolyzers is a key pathway toward securing a domestic supply chain for a
potential 2050 U.S. H, market of 100 MMT/yr of H,. The Water Electrolyzers and Fuel Cells Supply Chain [6] &
Platinum Group Metal Catalyst Supply Chain Deep Dive Assessments [7], written in response to Executive
Order 14017, found that recycling infrastructure for these electrochemical systems can significantly reduce
demand for new mines and secure the domestic supply chain. However, there are significant technical
challenges that arise in recycling — recovered useful components such as membranes and catalysts are subject
to degradation and toxic emissions. To date, there exists little infrastructure for specialized fuel cell and
electrolyzer recycling. As found in the SBIR commercial potential evaluation on recovery of platinum metals, a
commercially viable process for fuel cell recovery that does not release hydrogen fluoride is key to realizing a
robust recycling infrastructure [8].

a. Efficient and Sustainable Recovery and Reuse of Materials from Manufacturing Scrap in Fuel Cell and
Electrolyzer
Hydrogen production from no/low carbon electricity via proton exchange membrane (PEM) water electrolysis
along with carbon-free electric power generation via hydrogen PEM fuel cells is a rapidly growing approach
that will figure prominently in a variety of decarbonization efforts. Both electrolyzers and fuel cells contain
similar (in some cases identical) membrane materials, and each manufacturing step yields meaningful
quantities of unused scrap as the membranes are cut and processed. Recycling and/or reprocessing this scrap
material will ease environmental and supply chain concerns, as these are fluorinated components and can
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lead to unwanted emissions with conventional end-of-life processing. Addressing the reuse/recycling of scraps
presents a starting point for developing more complex recycling methods relevant for end-of-life recycling of
fuel cell and electrolyzer stacks. This subtopic seeks novel processes that are capable of reprocessing
membrane scrap such that reuse in a new membrane (or other suitable application, e.g., ionomer in the
catalyst layer) is possible with minimal degradation. Processes capable of facile conversion to or integration
with end-of-life membrane recycling while avoiding complete material destruction (such as incineration) are
encouraged.

Requirements Targets
Recovery and reuse of scrap membrane material 50%
Recovery of PGMs 90%
Performance of recovered/reused scrap membrane 90%
material relative to performance of virgin membrane
material

Questions — Contact: Donna Ho, donna.ho@ee.doe.gov, Hydrogen and Fuel Cell Technologies Office

b. Reducing Hazardous Substances in Fuel Cells and Electrolyzer Recycling

As hydrogen fuel cells and electrolyzers increase in prominence as a decarbonization technology [9], processes
for efficiently recycling rare platinum group metals (PGMs) such as platinum and iridium and useful
components such as ionomers are needed. However, fluorinated components within fuel cells and
electrolyzers create challenges in recycling these technologies without releasing toxic gasses and by-products
[10]. For example, pyrometallurgical procedures for PGM recycling, which apply direct thermal energy to the
fuel cell in order to concentrate PGMs, release toxic hydrogen fluoride gas in the process [11].
Hydrometallurgical procedures utilize strong acids and oxidizers that can react with fluorinated compounds
leading to large amounts of hydrofluoric acid, hydrogen fluoride, and other hazardous gasses [12]. As the SBIR
Commercial Potential Evaluation on Recovery of Platinum Group Metals from PEMFC found, mitigation of
hazardous chemicals produced in the recycling process is key to increasing the viability of recycling fuel cells
and electrolyzers [13]. This subtopic seeks efficient processes that use environmentally friendly solvents,
reduce the production of hazardous by-products, or manage hazardous by-products in the recycling of fuel
cells and electrolyzers.

Requirements Targets
Reduction of Hazardous Substances 80%
PGM recovery 90%

Questions — Contact: Emmeline Kao; emmeline.kao@ee.doe.gov, Industrial Efficiency and Decarbonization
Office

References:

1. Executive Order 14008, “Tackling the Climate Crisis at Home and Abroad,” January 27, 2021.
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-
tackling-the-climate-crisis-at-home-and-abroad/

2. Hydrogen Shot | Department of Energy, https://www.energy.gov/eere/fuelcells/hydrogen-shot

H2@Scale | Department of Energy, https://www.energy.gov/eere/fuelcells/h2scale

4. H2lQ webinar presentation “DOE Update on Hydrogen Shot, RFI Results, and Summary of Hydrogen
Provisions in the Bipartisan Infrastructure Law,” December 8, 2021,
https://www.energy.gov/sites/default/files/2021-12/h2iq-12082021.pdf

w



mailto:donna.ho@ee.doe.gov
mailto:emmeline.kao@ee.doe.gov
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.energy.gov/eere/fuelcells/h2scale
https://www.energy.gov/sites/default/files/2021-12/h2iq-12082021.pdf

Back to Table of Contents

5. DOE National Clean Hydrogen Strategy and Roadmap, September 22, 2022 DRAFT,
https://www.hydrogen.energy.gov/roadmaps_vision.html

6. Executive Order 14008, “Tackling the Climate Crisis at Home and Abroad,” Executive Office of the
President. (2021). Executive Order 14008, https://www.federalregister.gov/documents/2021/02/01/2021-
02177 /tackling-the-climate-crisis-at-home-and-abroad

7. Water Electrolyzers and Fuel Cells Supply Chain Deep Dive Assessment. 2021.
https://www.energy.gov/sites/default/files/2022-
02/Fuel%20Cells%20%26%20Electrolyzers%20Supply%20Chain%20Report%20-%20Final.pdf

8. Platinum Group Metal Catalyst Supply Chain Deep Dive Assessment. 2021.
https://www.energy.gov/sites/default/files/2022-02/PGM%20catalyst%20supply%20chain%20report%20-
%20final%20draft%202.25.22.pdf

9. SBIR Market Research Studies. Recovery of Platinum Metal September 2022. https://science.osti.gov/-
/media/sbir/pdf/Market-Research/AMO---Recovery-of-Platinum-September-2022-Public.pdf

10. DOE Industrial Decarbonization Roadmap, 2022, https://www.energy.gov/eere/doe-industrial-
decarbonization-roadmap

11. Towards circular fuel cells: overcoming 3 challenges, Umicore.
https://www.umicore.com/en/newsroom/news/fuel-cells-challenges-for-circularity/

12. New Research Project BReCycle - Fraunhofer IWKS https://www.iwks.fraunhofer.de/en/press-and-
media/pressreleases/press-and-media-releases-2020/new-research-project-brecycle.html

13. Recycling of platinum group metals from energy storage devices: a techno-economical business plan
analysis https://open-research-europe.ec.europa.eu/articles/2-92/v1

C56-12. VEHICLE TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

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 vehicle-miles. The U.S. Department of Energy's Vehicle Technologies Office
(VTO) provides low cost, secure, and clean energy technologies to move people and goods across America.
VTO (https://www.energy.gov/eere/vehicles/vehicle-technologies-office) focuses on reducing the cost and
improving the performance of vehicle technologies that can reduce petroleum dependency, including
advanced batteries, electric traction drive systems, lightweight materials, advanced combustion engines, and
advanced fuels and lubricants. 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 costs of producing electric vehicle batteries by more than
75%. DOE has also pioneered improved combustion engines that have saved billions of gallons of petroleum
fuel, while making diesel vehicles as clean as gasoline-fueled vehicles.

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

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

e 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);

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

e Include a preliminary cost analysis;
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e Justify all performance claims with theoretical predictions and/or relevant experimental data;
e Applications that duplicate research already in progress will not be funded; all submissions therefore
should clearly explain how the proposed work differs from other work in the field.

Grant applications are sought in the following subtopics:

a. Innovative Electric Vehicle Battery Cells and Components

Applications are sought to develop electrochemical energy storage technologies that support
commercialization of electric vehicles, including innovative battery cells and battery components. Specific
improvements of interest include: significant improvement in specific energy (Wh/kg) or energy density
(Wh/L), for example, through Li metal batteries and/or solid-state batteries; cells/components based on low-
cost and earth-abundant materials (e.g., S cathodes, Na-ion cells, etc.); improvements in manufacturing
processes for the above materials and demonstration of their incorporation into a cell deliverable; improved
cell design minimizing inactive material; and improved safety. Applications must clearly demonstrate how they
advance the current state of the art and meet the relevant performance metrics for transportation or
stationary energy storage. Development, processing, and recycling of Ni- and Co-containing cathodes are not
of interest for this topic.

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 on the USABC website [1]. The work must focus on
battery material and cell-level innovations; pack-level work is not of interest, including demonstrations of
battery pack integration in vehicles. Phase | feasibility studies must be evaluated in full cells (not half-cells)
2200 mAh capacity, and Phase Il technologies should be demonstrated in full cells 21 Ah capacity. All
submissions should clearly explain how the proposed work differs from other work in the field and should not
be duplicative of ongoing projects.

Questions — Contact: Simon Thompson, Simon.Thompson@ee.doe.gov
USABC Manuals, United States Council for Automotive Research, LLC. www.uscar.org/usabc

b. Novel Integrated Power Electronics Solutions for High Frequency Power Conversion in EV Fast Charging
Systems

Continued advancements in wide-bandgap (WBG) power semiconductors and power magnetics have
introduced higher frequency, higher power, and more power dense power electronics, reducing the total
footprint of high-power direct current fast chargers (DCFCs) for electric vehicles (EVs). High switching frequency
power electronics (PEs) solutions reduce the size of required passive components and eliminate the necessity
for bulky and expensive low frequency isolation transformers [1]. High frequency solid-state transformers (SSTs)
have shown promise to replace conventional systems to step down the grid voltage from medium voltage (MV
~13 kVAC) to a low voltage (LV = 480VAC) input for DCFCs while also providing the isolation critical for protecting
the electrical grid. These solutions utilize medium voltage level isolated power electronics with high frequency
transformers to provide the isolation, as well as to step-down the bus voltage to the voltage range necessary
for EV charging.

Current state-of-the-art (SOA) high frequency power conversion stages for DCFCs utilize an AC-DC conversion
for the utility front end, either through passive or active rectification, followed by an isolated DC-DC conversion
to interface with the charging head. These high-power systems (>150kW) require a parallel connection of power
conversions stages to meet the total output power demand for fast charging of EVs. This allows for commonality
of devices as well as modularity of the power conversion stages to increase capacity as necessary. These high
frequency topologies however still introduce parasitic passive elements such as capacitances, inductances, and
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resistances due to wiring and proximity of components, increasing the likelihood of Electromagnetic
Interference (EMI) when using WBG power semiconductors, as well as contributing to greater power losses and
thus lower efficiencies. Additionally, the proximity of components, such as the power modules and high
frequency transformers lower the total power density of the power converters. It is therefore critical to
determine cost-effective, and innovative solutions to advance the potential for integrated power components
and passive elements suitable for implementation in modular high power DCFCs and other applications.

This topic intends to find innovative, low-cost, efficient, and power dense solutions to improve integrated power
module and high frequency passive element designs for utilization in grid tied SSTs.

Proposed innovations may include but are not limited to:
e Integration of power semiconductors with planar magnetics
e Integrated DC bus capacitance
e Integration of filters and sensors with power conversion stages.

Applications must: clearly demonstrate:
e How the proposed work will improve on the SOA performance
e Cost-effective pathways for commercial adoption in DCFCs.

In Phase 1, projects should aim to design and simulate/model a >160-kVA prototype Dual Active Bridge (DAB)
converter for a MV-to-LV EV DCFC with 150-kW output rating utilizing the proposed technology. Projects should
also aim to utilize 21.2 kV SiC power semiconductors for the switching elements in the design. Phase | should
include in-depth analysis of the electrical and thermal properties of the proposed innovation to demonstrate
technology viability, with plans to prototype and test one unit in Phase Il.

Questions — Contact: Fernando Salcedo, fernando.salcedo@ee.doe.gov

c. Recycling of Polymer Composites for Vehicle Decarbonization

Vehicle lightweighting provides opportunities to increase electric vehicle (EV) drive range, reduce battery size
and cost, and decrease carbon emissions. EVs are driving significant strides in the decarbonization of the
nation’s transportation system, this burgeoning demand places ever greater importance on the development
of lightweight and low carbon footprint materials. A paradigm shift in polymer composites design and
manufacturing is urgently needed to enable vehicle decarbonization via low carbon emissions recycling of
polymer composites.

Recycled polymer composites are an important class of materials with exceptional recyclability and low carbon
footprint. Recyclable polymeric materials can be reinforced with natural or recycled/reclaimed high-
performance fibers to make composites more eco-friendly and sustainable. Such recycled polymer composites
have the potential to replace traditional nonrecyclable petroleum-based composite materials and other
metallic materials such as steels and aluminum.

This subtopic seeks innovative technologies for recycling/reintegrating carbon fiber and other high-
performance fibers of polymer composites into the U.S. vehicle supply chain to reduce carbon footprint over
vehicle lifecycle. Low cost and low carbon emissions recycling/upcycling processes are

required. Recycled/upcycled polymer composites with multifunctionalities are also of interest. For example,
recycled polymer composites need to possess pristine composites properties over multiple (3+) lives to
dramatically reduce green house gas (GHG) emissions and costs associated with fibers and composites
manufacturing. Recycling processes and resultant composites must align with VTO Materials Program goals of
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the total composites costing less than $5/kg-saved weight on their subsequent lives. Novel matrices and/or
reinforcements that significantly reduce the embodied energy of vehicle components and carbon footprint of
composites manufacturing are encouraged.

Furthermore, recyclable dissimilar materials may be hybridized to simultaneously achieve lighter weight,
lower cost, less carbon emissions, and/or more multifunctionalities for vehicle structures. Multifunctional
composites for EVs can be tailored to carry mechanical loads of battery management system, reduce NVH,
improve thermal management, enhance battery performance, and enable health monitoring. Recyclable
dissimilar materials could also be optimized via artificial intelligence/machine learning to realize
unprecedented lightweighting, carbon- and cost-reduction, and functionalities.

Questions — Contact: Felix Wu, felix. wu@ee.doe.gov

References: Subtopic b:
1. “Electrical and Electronics Technical Team Roadmap.” USDrive, October 2017
https://www.energy.gov/sites/prod/files/2017/11/f39/EETT%20Roadmap%2010-27-17.pdf

C56-13. VEHICLE TECHNOLOGIES (FAST-TRACK ONLY)

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: NO Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: YES Accepting STTR Fast-Track Applications: YES

Fast-Track grants are opportunities to expedite the decision and award of SBIR and STTR Phase | and Il funding
for scientifically meritorious applications that have a high potential for commercialization. Fast-Track
incorporates a submission and review process in which both Phase | and Phase Il grant applications are
combined into one application and submitted and reviewed together.

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 vehicle-miles. The U.S. Department of Energy's Vehicle Technologies Office
(VTO) provides low cost, secure, and clean energy technologies to move people and goods across America.
VTO (https://www.energy.gov/eere/vehicles/vehicle-technologies-office) focuses on reducing the cost and
improving the performance of vehicle technologies that can reduce petroleum dependency, including
advanced batteries, electric traction drive systems, lightweight materials, advanced combustion engines, and
advanced fuels and lubricants. 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 costs of producing electric vehicle batteries by more than
75%. DOE has also pioneered improved combustion engines that have saved billions of gallons of petroleum
fuel, while making diesel vehicles as clean as gasoline-fueled vehicles.

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

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

e 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);

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

e Include a preliminary cost analysis;



mailto:felix.wu@ee.doe.gov
https://www.energy.gov/sites/prod/files/2017/11/f39/EETT%20Roadmap%2010-27-17.pdf
https://www.energy.gov/eere/vehicles/vehicle-technologies-office

Back to Table of Contents

e Justify all performance claims with theoretical predictions and/or relevant experimental data;
e Applications that duplicate research already in progress will not be funded; all submissions therefore
should clearly explain how the proposed work differs from other work in the field.

Grant applications are sought in the following subtopics:

a. Advanced Separations and Processing Technologies for Battery Critical Materials

Today, the U.S. is reliant on other countries for much of its battery critical minerals processing, which poses
risk of disruption to domestic supply chain. Many of the materials needed to supply the next generation of
batteries for electric vehicles and stationary storage are not produced domestically in the quantities and the
costs needed to keep up with the increasing downstream U.S. demand. Advanced, cost-competitive
separation and processing technologies offer a critical opportunity for development of a robust U.S. battery
supply chain.

This subtopic seeks innovative technologies for separating and processing critical materials necessary for high-
capacity batteries. Technologies should advance the state of the art and have a clear pathway towards
commercialization and competitiveness in the domestic market. Critical minerals of interest for batteries
include but are not limited to lithium, nickel, cobalt, manganese, fluorine, and graphite.

Technologies of interest to this subtopic include the following:
e Advanced processing methods that lower costs, improve efficiencies (such as water or energy use),
and/or lead to decarbonization
e Separations of minerals from novel/unconventional sources, for example mine tailings
e Minerals extraction from brine sources (i.e. geothermal, oil field, continental)
e Co-production of critical minerals from sources

Small-scale demonstration or validation of technologies is within scope of this subtopic.

Questions — Contact: Mallory Clites, mallory.clites@doe.gov, Manufacturing & Energy Supply Chains

b. Advanced Critical Minerals Mapping Technologies

Today, the U.S. is reliant on other countries for much of its battery critical minerals processing, which poses
risk of disruption to domestic supply chain. In order to realize a strong domestic supply of critical minerals to
feed the growing energy sector industrial base, a greater understanding of domestic mineral resources is
needed. This subtopic seeks innovative technologies that advance the capabilities of minerals mapping tools
to help locate new critical mineral sources and support the development of a robust domestic supply chain.
Technological advances in this area include advanced hardware and software for higher fidelity resource
mapping, as well as innovative solutions to reduce the cost and time for resource mapping tools.

Questions — Contact: Mallory Clites, mallory.clites@doe.gov, Manufacturing & Energy Supply Chains

References:

1. “BUILDING RESILIENT SUPPLY CHAINS, REVITALIZING AMERICAN MANUFACTURING, AND FOSTERING
BROAD-BASED GROWTH” A Report by the White House. June 2021. https://www.whitehouse.gov/wp-
content/uploads/2021/06/100-day-supply-chain-review-report.pdf
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C56-14. WATER POWER TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The U.S. Department of Energy's (DOE) Water Power Technologies Office (WPTO) enables research,
development, and testing of new technologies to advance marine energy as well as next-generation
hydropower and pumped storage systems for a flexible, reliable grid. To reduce marine energy costs and fully
leverage hydropower’s contribution to the grid, WPTO invests in research and technology design; validates
performance and reliability for new technologies; develops and enables access to necessary testing
infrastructure; and disseminates objective information and data for technology developers and decision
makers.

WPTO is seeking SBIR and STTR applications related to both Hydropower and Marine Energy technologies, and
details are described below.

In addition to the technical considerations described in the subtopic descriptions, ALL applications in this topic
must:
e Propose a structured program which includes technical milestones that demonstrate clear
progress, are aggressive but achievable, and are quantitative;
e Include projections for price and/or performance improvements that are tied to a baseline;
e Differentiate the proposed innovation with respect to existing commercially available products or
solutions;
e Include a preliminary cost analysis; and
e Justify all performance claims with theoretical predictions and/or relevant experimental data.

The five subtopics supported in the Water Power Technologies this year are:
a. Innovations in Water Data
b. Advanced Coatings and Geomembrane Liners
c. Identification of Cybersecurity Threats and Research and Development of Mitigation Strategies for
Hydropower and Dams’ Operations
d. Co-Development of Marine Energy Technologies (CMET)
e. Marine Energy Supply Chain Development

In addition to the subtopics, applicants are strongly encouraged to review the EERE-wide Joint Topic on
Decarbonization for subtopics related to irrigation modernization and maritime decarbonization.

a. Innovations in Water Data

Background

The collection, preparation, storage, processing, and interpretation data as it relates to water is foundational
to 1) understanding the resilience of hydropower to changing basin-scale and climate conditions and 2)
strategizing new marine renewable energy projects. This subtopic seeks novel and/or opportunistic
approaches in water-related data that could open new areas of opportunity or bring greater efficiency or
capabilities to hydropower and/or marine energy applications.

The goals of this cross-cutting hydropower and marine energy topic are:
e Encourage private sector approaches to solving gaps and challenges in synthesizing marine and
freshwater data. In recent years, commercial data applications have rapidly expanded across climate
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change research, hydrologic and ocean data collection, and data applications. Example solutions may
include resource characterization for marine renewable energy or new, advanced sensors for water
guantity or quality monitoring for surface water resources on a basin-scale.

Support startups and other small businesses focused on new approaches to data collection (e.g., AUVSs,
sensor platforms, and remote sensing) and processing (e.g., artificial intelligence/machine learning,
data processing for decision-making, data assimilation, or other innovative data science platforms).
Specifically, WPTO encourages novel commercial platforms, technologies, tools, or other approaches
to benefit marine energy and hydropower industries with advanced data analysis, information, and
knowledge. For example, one possible solution may involve AUVs for collecting ocean or reservoir/lake
data or tools for analyzing “big data” to forecast wave and streamflow resources.

Encourage community-based and/or citizen-science approaches where applicable. Focusing on
traditional knowledge gaps, interdisciplinary and inclusive approaches, and global to local data are
encouraged, especially where discovery or collection of this data drives downstream knowledge,
products, and methods. For example, including new data types or approaches to data collection that
incorporates social or economic data into data platforms.

Areas of Potential Interest”:

Marine Energy Applications Hydropower Applications

e Resource characterization e Water quality, quantity, or demand

e Powering the Blue Economy monitoring

e Environmental impacts and e Watershed-scale sensor networks
permitting e Remote sensing

e Disaster reduction, response, and e Greenhouse gas detection
relief

e Spatial planning for testing and
deployment

Cross-cutting Applications

e Artificial intelligence and machine learning
e Decision support tools

e (itizen science

e Interdisciplinary research

e Qualitative and quantitative approaches

e Modeling

e Forecasting

* Themes of interest are deliberately broad to allow for unanticipated application approaches and topic areas
that may have great value to the Water Power Technologies Office.

Applications must involve research, development, and demonstration in one or more of the two opportunity
area below:

1.
2.

Data Gaps and Collection: Products and services integrating multiple data streams or databases
Data Processing and Analysis: Technologies, data, information, or tools that support the integration
and/or usability of science-based tools and information in assessing hazard risk, vulnerability, and
resilience
a. Technologies that promote ecosystem management
b. Tools that improve geospatial frameworks, increase accuracy of products and services, enhance
decision support tools, or provide timely and accurate predictive information
c. Technologies that facilitate greater understanding of the effects of marine energy on the health
of humans and marine life
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Application Requirements
In addition to the requirements for all Water Power Technologies projects described earlier in the topic
description, competitive applicants for Phase | in this subtopic must describe in their applications how they

will:

e [f developing a data collection system:

O

O O O O

Clearly define the landscape of the system including but not limited to:

= the solution’s applicability to hydropower/riverine systems or marine energy/ocean

systems,

= pervasiveness of applicability,

= alternate solution that currently exist, and

= articulate the value proposition beyond the state of the art;
Establish firm characteristics of the data collected along with the means of storing and/or
transmitting this data
Document concerns and limitations of the application of the solution to the target
demographics including water security, power supply, and communications;
Research the commercial potential for development of through practical use cases of said
solution;
Outline the lifespan and temporal resolution of the solution;
Establish applicable standards committees or other relevant bodies to ensure industry uptake;
Prepare a preliminary design of the testing equipment needed;
Clearly define the accuracy, uncertainty, and adaptability of the solutions to datasets outside of
the bounds of the initial data leveraged to develop the solution.

e [f developing a data processing or analysis tool:

O

Clearly define the landscape of the system including but not limited to:
= the tool’s applicability to the broad hydropower/riverine system or marine
energy/ocean systems,
= pervasiveness of applicability,
= alternate solution that currently exist, and
= articulate the value proposition beyond the state of the art;

Phase Il applications should state how awardees will:
e [f developing a data collection system:

O

©)
©)
©)
©)

Finalize the design of the sensor along with any necessary system support;

Develop the sensor solution as outlined in Phase |;

Perform a series of testing on the sensor solution over a range of operational conditions;
Complete the research on the commercial potential of the solution;

Develop a report with recommendations on data collection needs of the industry and how/the
extent to which the solution developed mitigates these. This report should also detail the
commercial potential and a path forward to commercialize the solution and identify a process
for industry uptake.

e [f developing a data processing or analysis tool:

(@)

Finalize the design of the processing and/or analysis solution, along with any necessary coding,
user information or guides;

Perform a wide range of sensitivity tests to ensure accuracy and precision and quantify
uncertainty. This may include varying inputs and parameters such as temporal-spatial
resolution, geographic location, data quality, data range and/or data sources;
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o Develop a report with recommendations on data processing needs of the industry and the
extent to which the solution developed mitigates these. This report should also detail the
commercial potential and a path forward to commercialize the solution and identify a process
for industry uptake.

Questions — Contact: water.sbir@ee.doe.gov

b. Advanced Coatings and Geomembrane Liners

Background

This subtopic identifies two areas of interest for innovation related to advanced materials to support new and
existing hydropower and pumped storage hydropower (PSH). The Water Power Technologies Office has
identified in the Multi-Year Program Plan (DOE 2022) that there are opportunities to leverage advanced
manufacturing and materials to enable cost savings and/or improved performance for hydropower
components and facilities. Current efforts are on-going to identify the top priorities for the highest impact.
Based on industry feedback, two areas with potential impacts include:

Opportunity Area 1: Coatings for Hydropower
Due to the harsh conditions typical for hydropower facilities, coatings are frequently leveraged for a variety of
applications. Additionally, increased efforts to ensure minimal environmental impacts, some traditional
coatings may no longer be acceptable for use. Alternatives often have higher costs and/or shorter lifespans
which is impacting the industry.
Recent efforts by Oak Ridge National Laboratory have focused on identifying key challenges and opportunities
for advanced manufacturing and materials to apply to hydropower. Industry stakeholders have identified a
real need and interest in all types of coatings for hydropower applications. Common issues for concrete and
metal components tend to include, but are not limited to:

e Friction loss,

e Corrosion,

e Cracking,

e Insulation,

e Seepage loss, and

e Biofouling.

Applicants should consider novel coatings that can address one or more of these concerns; this can include
coatings completely novel or adopted from other industries. The application method (paint, spray, roll-to-roll,
dip etc.) and requirements associated such as clearance/access and surface prep should be described. In-situ
repair and application capabilities are of interest. Additionally, the types of components and facilities where
the coating is applicable should also be described to ensure a broad market opportunity. Potential for
environmental and water quality impacts should also be considered for coating selection; appropriate
standards should be follows. Anticipated testing should validate the use for hydropower applications and likely
include in-situ testing.

Opportunity Area 2: Reservoir Liners

Pumped storage hydropower (PSH) is a highly efficient way of storing electrical energy, which is becoming
more and more necessary to support the integration of variable renewable energy resources like wind and
solar. The 2021 edition of the Hydropower Market Report (DOE, 2021) lists 43 PSH plants in the US, which
account for 95% of all the utility scale energy storage of the nation. A PSH plant includes a connected upper
and lower reservoir. Energy is used to pump water to the upper reservoir for storage. When needed, the
water flows down from the upper reservoir to the lower reservoir through a penstock. These reservoirs are
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generally subjected to cycles of rapid drawdown and filling cycles as the water pumped and released for
storing and producing energy. Therefore, the reservoirs of PSH plants must consider the slope stability during
rapid draw-down and filling cycles. Additionally, efforts to minimize water loss due to seepage are important
for conservation of water used for the energy production and protection of groundwater resources.

Geomembrane lining systems are one of several lining systems that can be considered for the impervious
lining of PSH reservoirs and there are a number of geomembrane materials available in the marketplace that
may be suitable for PSH application, yet as of (Hedien et al., 2022) no new PSH facilities have been constructed
in the United States that have utilized geomembrane lining systems. No PSH specific design guidelines or
regulation for gcomembrane lining systems could be identified in the literature search conducted for (Hedien
et al., 2022). Because of the growing need for energy storage, PSH reservoir liners present an opportunity for
innovation related to geomembrane reservoir liners as well as adoption from other industries. Applicants are
challenged to develop polymeric geomembrane liners that have properties that are relevant to PSH reservoirs.
Factors to consider include seepage rates, soil retention, greenhouse gas emission reductions, installation,
cost, and durability.

Application Requirements

In addition to the requirements for all Water Power Technologies subtopics described at the beginning of this
topic, competitive applicants to both opportunity areas for Phase | of this subtopic must describe in their
application:

e Demonstrate knowledge, experience, and/or capabilities in developing coatings, membranes, and/or
hydropower technologies;

e A conceptual design of the proposed system with estimated physical dimensions and a clear
description on how the system would operate — this may include a drawing or schematic of the
proposed system;

e The state-of-the-art for incumbent technologies and/or typical industry practice for the current coating
or liner and how the proposed design is an improvement in performance or reduction in cost;

e How the innovative technologies will improve operational performance relative to current components
or structures, construction methods, or installation methods, given that reductions of cost, time,
materials, etc. are the desired outcomes — combinations of cost reduction and operational
performance improvements for existing component refurbishments are also encouraged;

e How the innovation relates to various types of dams or PSH projects (i.e. concrete arch, concrete
gravity, earth fill, or combinations);

e The selection of a suitable location for demonstration of the technology and obtain necessary permits
if needed;

e How the applicant will research, design, and develop innovative coating or geomembrane lining
systems for the particular location and demonstrate understanding of the specific requirements for
deployment at that site;

e |llustrate the integration of the innovative system and/or improvement within a project (i.e. how the
innovation will interface with a whole hydropower project);

e Perform a customer discovery and analysis to understand the potential for commercialization and
scaling-up of the solution to multiple locations globally.

e Other relevant details of work to be performed in Phase | including resources required and intended
performance targets;

e |Initial description of Phase Il work including the scale of the prototype, the intended test location or
facility, and ideally, end-user partners;
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Phase | proof-of-concept work may include component or sub-system testing in a laboratory or natural
environment as well as computer modeling and simulation.

Additionally, during Phase I, awardees will:
e Refine system designs based on the findings from Phase | towards building a functional prototype;
e Build, test, and demonstrate the technology developed during Phase | at the location identified in
Phase I. Note that the applicant will be responsible to obtain any permits required in a timely manner;
e Present a detailed plan for technology commercialization including identification and engagement of
end-users, near-term and long-term market opportunities, future demonstration and deployment
plans, manufacturing and supply chain requirements.

Questions — Contact: water.sbir@ee.doe.gov

c. Identification of Cybersecurity Threats and Research and Development of Mitigation Strategies for
Hydropower and Dams’ Operations

Background

U.S. hydropower plants and their associated dam infrastructure play critical roles in both the evolution of a

carbon-free electrical system and the safety and livelihoods of local communities and ecosystems. Dams may

serve many purposes and provide important community services like flood safety, drinking water quality,

ecosystem health, and energy reliability.

The current fleet of U.S. hydropower plants and dams needs to be modernized and digitalized due to
hydropower’s increasing role in the integration of variable renewables, the need for grid resilience services
like black start and frequency regulation, aging dam infrastructure, the need for effective maintenance that
supports new operating regimes, and other factors. As these facilities become increasingly interconnected to
better enable remote operation and optimization within and across multiple plants, they become more
vulnerable to cybersecurity threats, particularly in operational technology (OT) environments. This has been
increasingly apparent worldwide. For example, data breaches have grown significantly with more than 40
documented cyber-attacks on hydropower plants and water infrastructure globally in the past 20 years?.
Without the necessary cybersecurity measures, these attacks have the potential to reduce the reliability of the
grid and hinder the safe operation of facilities.

Hydropower is a unique resource due to the diversity of plant configurations across the fleet and the mixture
of legacy and modern technologies across information technology (IT) and OT environments. A recent WPTO
funded effort by Pacific Northwest National Laboratory surveyed 275 hydropower plants and, while the
approaches to control and digitalization varied widely, the team was able to identify nine common
configurations for hydropower cyber-physical systems?. This analysis helped identify the common
cybersecurity needs across the diverse hydropower fleet; solutions must be developed to address these
needs, particularly for legacy industrial control systems that lack modern protection. WPTO seeks cost-
effective cybersecurity solutions that also minimize implementation and maintenance efforts by the plant
operator.

WPTO is seeking SBIR and STTR applications that provide solutions for hydropower-specific cybersecurity
challenges across a range of plant configurations. These could be novel solutions or existing technologies that
could be adapted for hydropower facilities and dams. For instance, successful solutions may include, but are
not limited to, communication monitoring devices, threat detection and mitigation software (including OT
asset management systems), depth-in-defense approaches, supervisory control and data acquisition (SCADA)
system protections, and remote operation platforms.
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Application Requirements
In addition to the requirements for all Water Power Technologies subtopics described at the beginning of this
topic, for Phase | applications, competitive applicants should:

Demonstrate knowledge, experience, and capabilities in hydropower IT/OT systems and/or energy-
related cybersecurity practices.
Identify existing critical cybersecurity threats that may interrupt hydropower and dam operations,
known threats currently impacting related industries that may affect hydropower and dam operations
in the future, and any other new or emerging threats.
Describe how they will research and prioritize cybersecurity threats to hydropower systems (building
upon existing research from WPTO-funded activities and others as appropriate).
Conceptualize and design a cybersecurity solution to combat one or more high-priority threats or
provide actionable information for plant operators.
Identify how the cybersecurity solution will apply to a variety of hydropower plants and/or systems.
Identify the scope of the proposed solution in terms of:

o Where the solution fits into the cyber-physical system (considering how this placement may

change in different plant configurations?)
o What systems or components the solution protects (e.g., using the Purdue model for Industrial
Control System (ICS) security3)

o What threats are mitigated by the solution
Work with at least one hydro-plant owner/operator, and preferably multiple owners/operators as an
end-user whose considerations may influence the design and operation of the solution
Work with the selected industry stakeholder(s) to select a site for a demonstration of the solution,
obtain the appropriate approvals and permits, and scope the Phase Il pilot-scale demonstration
activities.
Describe how they will quantify the commercial viability of their solutions through a clear and
guantifiable value proposition to hydropower stakeholders.
Perform customer discovery to understand the potential for commercialization and scaling-up of the
solution in the global hydropower market and assess the transferability to other relevant energy
markets.
Conduct initial cost analysis to quantify the approximate value proposition of the solution to
customers, including the costs of implementation, the cyber-event risk reduction, and the expected
costs/savings from a cyber-event.

During Phase Il the applicants will:

Develop and implement the cybersecurity solution at the selected demonstration site. If a full-scale
pilot is not feasible, this implementation may rely on lab-scale cyber test ranges and or partial designs
(component or sub-system).

Demonstrate the mitigation of risk by conducting and documenting tests of the solution, such as red
team tests, to ensure proper operation in the case of a cyber-attack.

Create a detailed commercialization plan, such as a business model canvas, to highlight key partners,
customers, costs, revenues, resources, and other relevant activities.

Questions — Contact: water.sbir@ee.doe.gov

d. Co-Development of Marine Energy Technologies (CMET)
Background


mailto:water.sbir@ee.doe.gov

Back to Table of Contents

The Co-Development of Marine Energy Technologies (CMET) subtopic seeks applications for the development
and design of new marine energy prototypes specific to the needs of an identified end user in the blue
economy. Applicants may be technology developers and/or end users.

CMET seeks to advance near-term marine energy opportunities in the blue economy by supporting the
development of solutions tightly coupled to end-user needs. Specifically, this subtopic seeks to support the
development of industry projects that link marine energy technologies together with blue economy energy
end users to co-develop solutions specific to energy constraints.

A common underlying input for many of the activities in the blue economy is energy: fuel for ships, batteries
for underwater vehicles, or high-pressure seawater for desalination systems. While some activities have
access to cheap and reliable sources of energy, others do not. Energy inaccessibility limits operations and adds
unnecessary costs. Removing or reducing these energy constraints through energy innovation could open new
pathways for sustainable economic development.

Recognizing this opportunity and the potential for marine energy to ease energy constraints, WPTO released a
report in 2019 titled “Powering the Blue Economy: Exploring Opportunities for Marine Renewable Energy in
Maritime Markets”. The report describes a non-exhaustive set of non-grid applications where marine energy
could provide consistent, reliable power, and is the foundation for the Powering the Blue Economy (PBE)
Initiative for non-grid applications of marine energy. These applications of marine energy are not limited to
electricity generation and can include marine energy for propulsion or pumping.

Blue economy markets and coastal communities present multiple opportunities and applications for marine
energy technology developers; upfront engagement with blue economy end-users and coastal communities is
essential to successful technology integration. The CMET topic is market agnostic but requires SBIR/STTR
Phase | applicants to make a case for their proposed application through an initial analysis of the market’s
value and broader impact in their application. Should the project be awarded, a more refined market analysis
will be required as a deliverable during the period of performance.

In addition to open-ended blue economy applications for marine energy systems, particular areas of interest
for FY23 include:

1. Applications that incorporate aquaculture systems or marine carbon dioxide removal (mCDR) with
marine energy systems. Marine energy applications for aquaculture systems could include, but are not
limited to, those related to monitoring, precision farming, robotic and submerged cages, towing and
transportation, feeding, health and disease prevention, and/or underwater drones and autonomous
vehicles. Marine energy applications for marine carbon dioxide removal could include technology
designed for various removal methods, such as electrochemistry, alkalinity enhancement, and/or
seaweed and aquaculture farming, as well as for monitoring, reporting, and verification (MRV) of
mCDR efforts.

2. Applications that seek to further develop innovations related to recent WPTO Powering the Blue
Economy Prizes, i.e., the Waves to Water Prize focusing on wave-powered desalination, and the Ocean
Observing Prize focused on marine energy powered ocean observing systems, including autonomous
underwater vehicles.

WPTO strongly encourages engaging with end users to understand their power requirements and the
functional requirements required, therefore applicants must identify and demonstrate at least one end-user
whom they will work with during the project. The identified end-use partner(s) may be listed as project
participant(s). Applicants must demonstrate that a prototype, with an identified partner, can be designed,
built, and tested with funds provided in Phase Il. As an example of the type of engagements the program has
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done with end-users, please see recently funded CMET and CMETSS SBIR projects and the published report
“Enabling Power at Sea: Opportunities for Expanded Ocean Observations through Marine Renewable Energy
Integration”.

Application Requirements

In addition to the requirements for all Water Power Technologies subtopics described at the beginning of this
topic, for Phase | applications, competitive applicants should demonstrate knowledge, experience, and/or
capabilities in developing marine technologies and include the following in their applications:

e A preliminary design of the proposed system with estimated physical dimensions;

e Aclear description on how the system would function;

e |dentification of the marine energy resource that would be utilized;

e The end-user or customers that will be engaged during the project;

e Plan to incorporate customer needs based on interviews, workshops, expert panels, literature
searches, and other methods;

e The method(s) by which customer needs will be converted into design requirements or specifications;

e The process by which design requirements will be converted to preliminary prototype designs;

e Table of design specifications for the system and how each relates to a customer need.

e Plan for preliminary proof-of-concept testing or modeling of system components;

e |dentification and description of the proposed performance metrics which will be used to assess the
system in comparison to incumbent technologies, such as levelized cost of energy, levelized avoided
cost of energy, or other similar metrics — please refer to “Existing Ocean Energy Performance Metrics”
for examples;

e A description of the intended deployment location(s) and the available energy in the chosen marine
energy resource, including identification of any key environmental, social, and regulatory challenges;

e The state-of-the-art for incumbent technologies and how the proposed design is an improvement in
performance or reduction in cost;

e How the solution can be applied to other applications or end-uses;

e Relevance of this project to DOE’s climate change goals including through advancing clean energy and
decarbonization, specifically how this project will advance increased availability of renewable energy,
decrease fossil fuel emissions, and/or its potential to meet specific DOE technical targets or other
relevant performance targets;

e Description of how this project will enable climate and energy justice;

e Details of work to be performed in Phase | including resources required and intended performance
targets; and

e |Initial description of Phase Il work including the scale of the demonstration prototype, the intended
test location or facility, and potential end-user partners.

Phase Il applications should state how awardees will:
e Refine system designs based on the findings from Phase | towards building a functional prototype;
e Build, test, and demonstrate a functioning prototype in a realistic environment;
e [terate system design based on ongoing laboratory and in-water experiments;
e Present a detailed plan for technology commercialization including identification and engagement of
end-users, near-term and long-term market opportunities, future demonstration and deployment
plans, manufacturing and supply chain requirements;

Questions — Contact: water.sbir@ee.doe.gov

e. Marine Energy Supply Chain Development
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Background

Marine energy, including energy generated from waves, tides, currents, and temperature and pressure
gradients is an emerging energy source for the U.S., given its reliability and long-term forecast-ability. While
marine energy technologies are currently not at cost-parity with other sources of renewable energy, lessons
from the development and deployment of solar and wind technologies show that supply chain optimization
can play an important role towards cost reductions for the industry.

Currently there is no clustered or established marine energy supply chain in the US. The geographical areas
with the most-near term opportunities for marine energy supply chain co-location are related to the offshore
oil and gas industry in the Gulf of Mexico, thousands of miles away from the existing marine energy sites along
the west and east coasts. Existing fleets of marine vessels with the ability to deploy energy infrastructure in
the ocean are primarily contracted by offshore wind and/or offshore oil and gas, and are cost-prohibitive for
the current marine energy industry.

The objective of this subtopic is therefore to spur the development of innovative systems or prototypes that
will improve the logistics and supply chain capabilities (i.e., faster, cheaper more resilient, more secure, more
adaptive) necessary for the deployment of marine energy technologies on a commercial scale. These
innovations will be critical in delivery of operations, specialized manufacturing, and other supporting services
such as environmental monitoring & impact assessment, certification, and project management. Successful
projects in this subtopic will:

e Engage with at least one marine energy developer in the private or public sector, or a relevant research
institution.

e Conduct research and development to accelerate ME supply chain development in US, to prepare for
future tidal, wave and other marine energy deployments for the electric grid or non-grid blue economy
applications.

e Target specific near-term to long-term areas for supply chain development, including manufacturing,
repair, storage, distribution, transportation, planning, and disposal.

Application Requirements
In addition to the requirements for all Water Power Technologies subtopics described at the beginning of this
topic, for Phase | applications, competitive applicants should:
e |dentify the marine energy developer or institution that will be engaged during the project;
e Describe how marine energy developers’ and/or institutions’ considerations will be incorporated
including through possible stakeholder mapping;
e Develop partnerships to address specific supply chain challenge areas like moorings, installation,
operations, and maintenance challenges, and high-voltage / dynamic cables,
e Demonstrate knowledge of and experience with the challenges faced in tidal, wave, or other marine
energy systems’:
o manufacturing,
device fabrication,
installations including electrical cables,
power take-off components,
composites, and
other materials designed for the marine environment;
e Demonstrate the impact that improvements to the supply chain will have on cost reduction
trajectories, including addressing challenges identified and faced in the sector;
e Describe how they will develop business mechanisms for companies to pivot technologies and/or
services currently utilized in offshore oil and gas and similar sectors towards marine energy;

O O O O O
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e Describe how they will investigate and develop creative opportunities for developers to access and/or
modify existing maritime infrastructure including fishing vessels, piers, platforms, cables, moorings,
shipping containers, etc., to deploy marine energy systems,

e Describe project outputs which may be software tools, databases, reports, etc.

For Phase Il applications, applicants will:

e Describe how they will work with marine energy developers and/or institutions, as well as supply chain
experts to implement a supply chain improvement pilot program;

e Develop methods to scale their supply chain improvements, including through industry surveys;

e Describe how they will engage at least five (5) developers and / or institutions to provide feedback and
input into the eventual deployment of their supply chain improvement solution;

e Describe how the solution can integrate with other current and potential future solutions, and how it
can be sustainable;

e Describe their commercialization plan to make the tools and/or systems developed accessible and
useful to the marine energy industry overall.

Questions — Contact: water.sbir@ee.doe.gov
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The goal of the U.S. Department of Energy (DOE) Solar Energy Technologies Office (SETO) [1] is to accelerate
the development and deployment of solar technology to support an equitable transition to a decarbonized
electricity system by 2035 and decarbonized energy sector by 2050. Achieving this goal will support the
nationwide effort to meet the threat of climate change and ensure that all Americans benefit from the
transition to a clean energy economy. In 2021, DOE released the Solar Futures Study [2], a report that explores
the role of solar energy in achieving these goals. SETO supports solar energy research, development,
demonstration and technical assistance in five areas—photovoltaics (PV), concentrating solar-thermal power
(CSP), systems integration, manufacturing and competitiveness, and soft costs—to improve the affordability,
reliability, and domestic benefit of solar technologies on the electric grid.

The amount of U.S. electricity that is generated by solar technology is increasing. In 2010, less than 0.1% of
U.S. electricity generation came from solar energy; today this fraction is 4%. In California, solar accounts for
more than 20% of all electricity generated, with 11 states generating more than 6% from solar energy. [3] At
the same time, the cost of solar electricity is decreasing, driven by global economies of scale, technology
innovation, and greater confidence in PV technology. The levelized cost of energy (LCOE) benchmarks and
actual power purchase agreement (PPA) prices for utility-scale PV systems have decreased more than 80%
since 2010. [4] These low costs have driven the deployment of over 90 gigawatts alternating current (GWAC)
of solar capacity in the United States as of the end of 2021. [3] Over half of this capacity was installed after
2017. [5]

Historically, SETO has supported the commercialization of solar innovations through funding opportunities and
other programs that relate to one another but have their own unique attributes [6]. SETO uses the SBIR/STTR
program encourage U.S. small businesses to engage in high-risk, innovative research and technology
development with the potential for future commercialization. Other programs include the American-Made Solar
Prize [7], the Incubator topic area in SETO FOAs [8], and the Technology Commercialization Fund [9]. Please
review SETO’s webpage to find the best program for the technology readiness of your proposed technology and
to make sure that the application aligns with the program’s goals and objectives and our open funding

opportunities.

This topic is open to both SBIR and STTR applications. SETO also has an additional topic open only to STTR
applications. This topic is also open to SBIR and STTR Fast-Track applications.

Fast-Track grants are opportunities to expedite the decision and award of SBIR and STTR Phase | and Il funding
for scientifically meritorious applications that have a high potential for commercialization. Fast-Track
incorporates a submission and review process in which both Phase | and Phase Il grant applications are
combined into one application and submitted and reviewed together. DOE reserves the right to award only the
Phase | application deferring funding of Phase Il.

Technical and Business Assistance (TABA)

Applicants are encouraged to take advantage of the TABA Program, which provides funding for
commercialization activities in addition to the SBIR/STTR research funding. Please read the FOA with more
information about this program and how to apply for this extra funding.

The American-Made Network [9] is a great resource for finding commercialization-assistance providers and
vendors with specific expertise in the solar space. The Network helps accelerate solar innovations through a
diverse and powerful group of entities that includes National Laboratories, energy incubators, investors,
prototyping and testing facilities, and other industry partners from across the United States who engage,
connect, mentor, and amplify the efforts of small businesses. The Network can help companies solve pressing
technology challenges, forge connections, and advance potentially game-changing ideas and innovations.
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Application Guidelines
Within this SBIR/STTR topic, applications submitted to any one of the subtopics listed below must:
e Propose a tightly structured program that includes quantitative technical and business objectives that
demonstrate a clear progression in development and are aggressive but achievable;
¢ Include projections for price and/or performance improvements that are referenced to a benchmark;
e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
e Include a preliminary cost analysis that clearly identifies assumptions and sources of input data;
e Justify all performance claims with theoretical predictions and/or relevant experimental data.

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 cost-model analysis showing a path to becoming cost-
competitive with current state of the art and the potential to increase solar generation on the grid.

Phase | awards part of this topic will be made in the form of a grant; SETO anticipates that Phase Il awards will
be made in the form of a cooperative agreement. In a cooperative agreement, DOE maintains substantial
involvement in the definition of the scope, goals, and objectives of the project.

Applicants are strongly encouraged to use the table below to include a summary of objectives they expect to
achieve by the end of the Phase | period of performance. A similar table will be required in a Phase Il application.
DOE may negotiate project milestones with entities selected for a Phase |l award. The table contains examples
of each objective type, to guide you as you prepare your application. Each application should include technical,
business, and stakeholder engagement-related objectives with clear, quantifiable, measurable, verifiable,
aggressive yet realistic success metrics, and clear definitions of how completion of an objective will be assessed.

Completion of a task or activity is not an objective. The table should be organized chronologically.

PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool /
Month of P . e
ol p—— Performa;m Success Me?hod of Verification Metrlf: -Justlflcatlon,
on ce Metric Value Measuring Success Process Additional Notes
Value
1 2 Cell >25% Average, standard Raw data and The success value
efficiency efficienc | deviation. At least graphs included in | was chosen based on
y 10 cells measured the progress / final | initial cost modeling.
under standard report submitted to | Efficiency lower than
conditions. Standard | DOE according to 25% makes this
deviation < 1% the FARC. material not
(absolute competitive with
efficiency). current state of the
art.
2 3 Circuit >30 Count. 30 realistic Description of Load models,
model models, | and anonymized circuit models, load | impedances, and
curation of which | candidate models, connectivity
at least | distribution circuit impedances, and characteristics must
20 are models identified, of | connectivity be included in the
suitable | which at least 20 are | characteristics report to assess the
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool /

l::,:)ol::::e:: Perform?n Success Mefhod of Verification Metri.c _Justification,
on ce Metric Value Measuring Success Process Additional Notes
Value
for suitable for detailed | included in the feasibility of the
testing testing. progress / final proposed circuits.
report submitted to
DOE according to
the FARC.
4 Feedback >10 Count. A minimum Documentation of | User feedback is a
potentia | of 10 potential users | feedback and a critical part of an
| users of the tool will justified plan to iterative
undergo a demo of | implement or development cycle to
the software (in- reject ensure the solution is
person or webinar) recommendations | useful to potential
and provide from potential off-takers.
feedback. Users users included in
must provide the progress / final
specific feedback as | report submitted to
to the minimum DOE according to
availability and the FARC.
response time they
require for their
specific use case.
4 Module >30 Accelerated testing Raw data and IEC 1234 is the
lifetime years conducted graphsincluded in | industry-used module
according to testing | the progress / final | degradation test.
procedures listed in | report submitted to
IEC 1234. DOE according to
the FARC.
5 Heliostat < Average expected Cost model with Success metrics
installed $50/m? | accuracy range is description of defined in the FOA.
cost +20%/-15%. assumptions used

for input
parameters,
methodology for
the sensitivity
analysis, supporting
documents used to
determine the bill
of materials
included in the
progress / final
report submitted to
DOE according to
the FARC.
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool /

" l::,:)ol::::e:: Perform?n Success Mefhod of Verification Metri.c _Justification,
on ce Metric Value Measuring Success Process Additional Notes
Value

6 5 Letters of 5 letters | Count. A minimum Letters included in | Engaging with a large

Support of 5 letters of the progress / final | domestic module
support from report submitted to | manufacturer is
domestic DOE according to essential to show
manufacturers. the FARC. there are interested
Includes one technology off-
module producer takers.
with capacity over
200MW annually.

7 6 Simulation | Single Power flows Quantitative 5% agreement is

validation | feeder validated on a single | simulation results required to assess the
simulati | realistic distribution | included in the quality of the
on feeder in simulation. | progress / final simulation tools.
Phasor tracking report submitted to
shows agreement DOE according to
with expected the FARC.
power flows at
every circuit node to
better than 5%.

8 8 Independe | Third- Report by Security review Implications of new
nt expert party independent third- report included in platform architecture
review of review party cybersecurity | the progress / final | in the context of new
security expert reviewing the | report submitted to | cybersecurity
architectur architecture and DOE according to concerns must be
e providing feedback | the FARC. investigated and

on potential mitigated if
weaknesses. necessary.

9 9 Module >25% Average, standard Raw data, graphs, | The success value
efficiency efficienc | deviation. At least and report from was chosen based on

y 10 modules testing facility initial cost modeling.
measured under included in the Efficiency lower than
standard conditions. | progress / final 25% makes this
Standard deviation < | report submitted to | technology not
1% (absolute DOE according to competitive with
efficiency). the FARC. current state of the

art.

10 9 Binding 2 letters | Count. A minimum Letters included in | Success of the award
letters of of 2 letters of intent | the progress / final | will be measured by
intent from relevant report submitted to | successful technology

stakeholders
committing to
fabricate and test a

DOE according to
the FARC.

transfer to private
entities.
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Month of S UarE eps a: . pe a:
ol p—— Perform?n Success Mefhod of Verification Metrl.c _Justlflcatlon,
on ce Metric Value Measuring Success Process Additional Notes
Value
large-scale
prototype of this
technology.

11 9 Contract >1 Count. At least one | Agreement Success of the award
agreement with a included in the will be measured by
non-team-member | progress / final successful technology
to share data and report submitted to | transfer to private
beta test the DOE according to entities.
solution. the FARC.

Applications are sought in the following subtopics:

a. Wide-Bandgap-Based Power Electronics for Solar Inverters, Converters, and Multi-Port Systems that
Integrate Solar Generation with Energy Storage and/or Electric Vehicle Charging
This subtopic solicits applications for the development of the next generation of power-electronic systems for
the solar industry that integrate and leverage the greater efficiencies, improved performance, lower
size/weight, automated manufacturability, and other advantages of devices and designs based on wide-
bandgap semiconductor materials, such as silicon carbide (SiC) or gallium nitride (GaN). Systems of interest are
solar inverters, DC/DC converters/optimizers, and multi-port devices designed to integrate and optimize
distributed energy resources—in particular solar generation—with energy storage capabilities and
infrastructure for electric vehicle charging. The goal of this subtopic is to support ideas and prototype
development of technologies that can accelerate decarbonization of the electricity and transportation
systems.

As solar electricity costs continue to decrease, the percentage of solar photovoltaic generation (both from
distributed and utility-scale systems) in the U.S. increases. This opens up new challenges and opportunities for
the development of novel technologies that can enable low-cost, dispatchable solar generation that can be
integrated and operated flexibly to better match solar electricity with demand while also having the ability to
provide operating support services to the electricity grid. At the same time, wide bandgap materials hold great
promise to outperform traditional silicon-based devices in power electronic applications and in particular
silicon carbide (SiC) and gallium nitride (GaN) devices have reached a level of maturity that allows them to
become the device of choice in many applications. The growing market demand for SiC-based power
electronics is driven by the rising adoption of SiC devices by original equipment manufacturers (OEMs) of
electric vehicles and hybrid vehicles (EVs), which is leading to their de-risking and widespread adoption. This
creates an opportunity for their use in power-electronics components for the solar industry in a cost-
competitive way compared to incumbent technologies. Furthermore, the United States is a pre-eminent
supplier of high-quality SiC wafers and chips, which—when used with advanced inverter/converter topologies
that facilitate pick-and-place manufacturing—make a compelling case for domestic manufacturing.

This subtopic solicits applications for new power-electronic equipment that leverage the dropping costs of SiC
and/or GaN grown on SiC wafers and implements innovative topologies, which may include transformerless
designs, to create cost-competitive, high-performance alternatives to today’s industry-standard silicon-based
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equipment. Additionally, this subtopic solicits applications that incorporate improvements to the state of the
art in planar transformer designs and/or build processes for high-frequency-switching applications. This must
be considered in conjunction with new SiC and/or GaN-based power electronics, given that planar magnetic
components are very well suited for use with emerging GaN and SiC devices. In addition to inverter, SETO is
seeking highly integrated systems that consist of distributed PV paired with energy storage systems (ESS)
and/or electric vehicle charging (EVC) systems—including vehicle-to-grid (V2G) and vehicle-to-home (V2H)
functionalities. By leveraging the inherent flexibility of ESS and EVC technology, the integrated systems can
reduce the total capital and operational costs of these distributed energy resource assets. They also have the
potential to provide grid services, including on-demand energy, capacity, reliability, and resiliency. SETO is
specifically interested in innovative ESS technologies that could be co-located with PV systems and are fully
compatible with the characteristics of the typical output of a solar inverter (medium-low voltage, variable
generation). SETO is especially interested in novel thermal, mechanical, or chemical storage technologies that
can demonstrate clear non-incremental differentiation from the current state of the art. Solutions that also
integrate EVC should be capable of delivering power necessary for high-power direct-current fast charging.

The lack of holistic designs and standard interfaces can result in added integration costs and operational
complexity. Applications should address issues of control coordination, interoperability, communication,
component obsolescence, and scalability. Technologies proposed should leverage attributes specific to solar
PV generation technologies while addressing current integration gaps and challenges. Applications must
demonstrate potential to increase the utilization of solar PV generation in the grid and include a basic cost-
model analysis showing a path to be cost-competitive with current state of the art. Storage functionalities at
any time scale will be considered (minutes, hours, days, seasonal). However, the application should clearly
discuss which energy value stream this technology will target, if successful.

Applications must include a clear assessment of the potential for domestic manufacturing. Proposed
technologies must balance any power conversion cost increases with clear and substantiated value
propositions from improved efficiency, performance, or reliability.

Applications focused on power conversion or integrated systems without including or incorporating wide-
bandgap-based devices into the power conversion topology will be considered nonresponsive and declined

without external merit review.

Applications will be considered nonresponsive and declined without external merit review if they address self-
consumption optimization exclusively.

Questions — Contact: solar.sbir@ee.doe.gov

b. Photovoltaic Recycling

End-of-life management for photovoltaics (PV) refers to the processes that occur when solar panels and all
other components are retired from operation [1]. This subtopic intends to support ideas and prototype
development of new materials, designs, technologies, and practices that can help reduce PV manufacturing’s
environmental impact by minimizing waste, energy use, negative effects on human health, and pollution.
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This subtopic solicits applications for technologies that can improve the overall recyclability and refurbishment
of PV modules and/or other hardware or balance-of-system components of a solar system. As installed capacity
of solar generation increases, end-of-life handling will become a larger consideration. Methods for extending
the life of existing panels, as well as effectively recycling decommissioned modules, could be increasingly
important. In addition, reclamation of key materials could ameliorate supply chain issues and further reduce
overall environmental impact of the photovoltaic industry.

Specific areas of interest include but are not limited to:
e Module designs for improved ease of recycling and reclamation (materials separation, processing,
etc.);
e Module designs for reduced recycling burden (lower materials usage, improved materials, etc.);
e Methods, processes, and equipment to lower the cost of the recycling or refurbishing process;
e Methods for effective refurbishing of modules and system components that facilitate the market for
refurbished modules.

Proposed technologies must balance any module cost increases with clear, substantiated value propositions
from improved recyclability and materials reclamation. Proposed technologies must not degrade module
efficiency; applications must include a techno-economic analysis showing that any reductions in operational life
expectancy when offset by savings in the recycling process are net positive.

Applications focused exclusively on resale platforms or software/web platforms to facilitate a secondhand
hardware market will be considered nonresponsive and declined without external merit review.

Questions — Contact: solar.sbir@ee.doe.gov

c. Solar Systems Resilient to Weather-related or Cyber Threats

In this subtopic, SETO seeks innovative applications to improve the ability of solar assets or electronic devices
associated with solar energy generation (such as inverters, direct current (DC)-DC optimizers, and smart
meters) and systems to quickly recover in response to weather-related or cyber threats [1].

One of SETO’s priorities is to enhance the ability of solar energy technologies to contribute to grid reliability
and resilience, including the security and resilience of the nation’s critical infrastructure. Infrastructure
systems, including the electrical grid and solar generation assets, are vulnerable to weather-related threats,
cyberattacks, and other disruptive events. Increased asset resilience presents opportunities to maximize
operability and energy availability and minimize restoration costs following these occurrences.

Applications to this subtopic may address specific component or system designs that improve survival;
improve recovery time; ensure access control, confidentiality, integrity, availability, or non-repudiation of
assets; and minimize cost associated with disruptive events. Component or system designs may achieve these
goals passively (e.g., via more robust designs or configurations) or actively (e.g., via “hardened” components,
including any component that is connected in a smart power systems injection/absorption role).

Applications must include a basic cost-model analysis showing the cost/benefit of the proposed solution in
comparison to current state of the art. Proposed solutions should discuss the component(s) being addressed,
potential threats that will be deterred, method of integration (especially clarifying if it is part of a traditional
PV component for integration at install or a retrofit for a fielded device), how interoperability with other
components is considered, and how compromises or attempted compromises are conveyed to the relevant
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parties. Applications should also identify a possible case use by defining the time to recover the system’s full
functionalities and provide substantiated estimates for the capabilities of the proposed approach.

Examples of targets and metrics for hardened solar system performance include, but are not limited to:
e Percent of system operable after a disruptive event (applications should specify type and intensity of
the threat);
e Time to full system operability after extreme event (restoration time);
e Reduction in system restoration cost following disruptive event;
e Level of functionality without grid support following extreme event (islanding).

Applications will be considered nonresponsive and declined without external merit review if they do not
demonstrate clear innovation compared to the current state of the art, particularly in regard to microgrid

and/or islanding behaviors.

Questions — Contact: solar.sbir@ee.doe.gov

d. Heliostat Components and Systems for Low-Cost, Autonomous, and High-Concentration Solar Collectors
This subtopic seeks applications for the design of heliostat components to support SETO’s goals of low-cost
solar-thermal energy for both high-temperature industrial process heating, as well as high-efficiency electricity
production, coupled with thermal energy storage.

Achieving a decarbonized energy sector by 2050 will require the development of cost-effective technologies
beyond today’s commercial technologies. Increased deployment of solar technology, in particular, will require
the deployment of flexible and dispatchable generation and energy storage technologies, like concentrating
solar-thermal power (CSP) with thermal energy storage, to ensure reliability of the grid.'! Achieving this
transition requires that the industry achieve SETO’s 2030 cost targets, which would halve the cost of solar
power from 2020-2030, to $0.05 per kWh for CSP plants with 12 or more hours of thermal energy storage.
Achieving this target will depend heavily on reducing the cost of heliostats — which track the sun and reflect
light, concentrating it on a receiver — to $50/m?, while improving technical performance. To advance heliostat
technology development, SETO has established a National Laboratory-led consortium on heliostat technology,
HelioCon.[2] In September 2022, HelioCon released a detailed Roadmap|[3] describing the key technical gaps
and promising strategies to achieve low-cost, high-performance heliostat systems.

In support of the HelioCon Roadmap, SETO seeks to advance the state of the art for the next generation of
heliostats by improving their technoeconomic performance through, for example, enhanced pointing
accuracy, increased average reflectivity, reduced backlash and performance under wind loads, new collector
and field topologies and better long-term durability. These objectives may be achieved through solutions such
as improved drives and closed-loop control systems, optimization of mirror washing methods, and advanced
manufacturing techniques.

Applicants are expected to include the design, feasibility, subscale testing, and cost validation of new or
improved components and subsystems during their Phase | application; lab scale testing, and prototype
manufacturing of such components, lifetime performance, and feasibility of scale-up is of interest in Phase I
applications.

Current commercial heliostat costs are approximately $96-$127/m?. SETO is seeking to reduce the cost of
heliostats by either developing novel designs or focusing on reducing the costs of heliostat components. All
efforts in this subtopic should address cost reductions as a major requirement, or significantly, and cost
effectively, increase technical performance. The heliostat is a highly integrated system, and therefore, concept
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improvements in an individual component, should not negatively affect cost or quality in other components or
the overall system.

High Level Heliostat Operational Targets
e Total installed cost <$50/m?, or a positive increase of technoeconomic impact for the plant
e Total error < 2 mrad total RMS
e Lifetime > 30 years
e Autonomy: Increased autonomy during normal operations and calibration
e Weather: Wind and hail survivability in both the operational and stowed positions

Components

e Heliostat Structure. Replacing the heliostat support structure with new materials including composite
materials may provide an opportunity to reduce costs. New materials replacing the steel structure
typically used in a heliostat must meet the above operational targets. SETO seeks to advance the use of
low-cost composite materials in heliostats.

e Mirror Facets. The reflective surface of a heliostat is made up of 1 or more mirrored facets. These
facets are often comprised of a mirror and a structural backing. SETO is seeking a composite sandwich
facet design with 2 mm or less of highly reflective glass mirror or other reflective material, capable of
meeting the heliostat operational targets as well as the optical requirements below:

o Average Reflectivity > 95.5%
o Precision < 1.5 mrad total RMS

e Mirror Facets Alignment Systems. Larger heliostats, with many mirror facets, typically require in-situ
adjustment just after installation and periodically require recalibration. SETO is seeking facet designs or
mirror facet to structure interfaces that allow for infield canting adjustments in less than 15 minutes.

e Wireless Control Systems. Maturing wireless control systems to a commercial off-the-shelf product
would ultimately provide tremendous risk and cost reduction, eliminating the need for heliostat
designers to take on the software development. SETO seeks to mature the heliostat wireless control
system and meet the following goals:

o Flexible — database or variable driven. Adaptable to multiple heliostat fields
o Closed loop — Calibration and Normal Operations

o Secure — Secure from attack (DOS, Control Interference)

o Safe — Fail-safe, fault-tolerant architecture. Free of common cause failure

e Heliostat Drives. The drive systems represent the largest component cost of a heliostat. SETO seeks to
advance drive technologies, while reducing total cost (combination of initial cost, power requirement,
accuracy, expected lifetime, and maintenance over the desired 30-year life of a CSP tower system).

Questions — Contact: solar.sbir@ee.doe.gov

e. Concentrating Solar-Thermal Power Technologies for Gen3 CSP or Industrial Decarbonization

While PV has dominated the U.S. solar market, with over 90 GW deployed by the end of 2020, CSP
technologies offer a unique value as a renewable energy resource that can readily deliver high-temperature
heat and inherently incorporates storage for on-demand solar energy. There are nearly 100 CSP plants in
commercial operation worldwide, representing almost 7 GW of capacity. Existing CSP plants have already
demonstrated long durations of daily storage, up to 15 hours, which increases their value to the grid. With
integrated TES, CSP plants can produce consistent amounts of electricity on demand, regardless of the time of
day or amount of cloud cover. Continued development of this technology will improve the performance,
reliability, and cost of future CSP plants, which have the potential to provide between 25 and 160 GW of U.S.
capacity by 2050. [1]
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Additionally, achieving a net-zero carbon economy by 2050 will require the adoption of clean energy
technologies in sectors beyond electricity generation. Technologies are required that can eliminate the need
to burn fossil fuels for heat-driven processes that produce electricity, essential commodities, refined products,
and other goods. Even with increasing amounts of available renewable electricity, many industrial processes
will be difficult to electrify because they require high temperatures or have other unique process
characteristics.

For next-generation CSP plants, SETO has set a target to lower the cost of electricity from baseload plants,
with greater than 12 hours of storage, to $0.05/kWh by 2030. This represents, approximately, a 50% reduction
of existing costs. Although this target is aggressive, there are multiple pathways to achieve it.[2] The primary
technical strategy being pursued to achieve this goal is to raise the temperature of the heat that next-
generation CSP plants deliver to the power cycle, thereby increasing plant efficiency. Specifically, ‘Generation
3 Concentrating Solar Power Systems®! (Gen3 CSP) targets the development of high-temperature components
and develop integrated designs with thermal energy storage that can reach operating temperatures greater
than 700° Celsius (1,290° Fahrenheit). In March of 2021, SETO announced the selection of a Gen3 CSP pathway
based on solid particle heat transfer media, led by Sandia National Laboratories, to receive approximately $25
million to build a megawatt-scale integrated test facility to validate the performance of this system.

Beyond CSP for electricity, SETO works to make solar industrial process heat (SIPH) a cost-effective alternative
to conventional fuels. SETO pursues cost reductions and process integration improvements for a range of
temperatures and industrial applications. Developing scalable, low-cost solutions for this variety of
applications is a key challenge. Candidate applications for SIPH includes both low-temperature processes, such
as enhanced oil recovery, food processing, and water desalination, and high-temperature processes, such as
calcination to produce cement, thermochemical water splitting for producing solar fuels, and ammonia
synthesis for producing fertilizer.

This subtopic seeks the development of CSP technologies, components, systems, and materials relevant to
either low-cost electricity production or the decarbonization of industrial thermal processes.

Questions — Contact: solar.sbir@ee.doe.gov

f. Solar Hardware and Software Technologies: Affordability, Reliability, Performance, and Manufacturing
This subtopic solicits applications for solutions that can advance solar energy technologies by lowering cost and
facilitate the secure integration into the Nation’s energy grid. Applications must fall within one of these areas:
advanced solar systems integration technologies, concentrating solar thermal power technologies, or
photovoltaic technologies.

Specific areas of interest include, but are not limited to:

1. Innovative software solutions that will increase the competitiveness of the U.S. solar industry. This may
include but is not limited to decreasing solar deployment barriers, expanding to new solar markets,
reducing non-hardware costs of installations such as permitting, system design, or interconnection,
and/or enabling new business models.

2. Technologies that reduce the manufacturing costs of solar energy system components or
subcomponents to boost domestic energy manufacturing and increase U.S. manufacturing
competitiveness;

3. Technologies that can measure, validate, or increase outdoor PV system reliability;
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Technologies which improve operation and maintenance of PV systems. Can include self contained
smart PV systems with sensors which detect actual or imminent power loss, or mobile instrumentation
for low cost field diagnostics.

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

Technologies or solutions that reduce the balance-of-system costs of a PV system;

Technologies that build on other SETO programs and/or leverage results and infrastructure developed
through these programs. In the past few years, SETO has funded several programs to support multi-
stakeholder teams as they research and develop solutions to reduce significant barriers to solar energy
adoption through innovative models, technologies, and real-world data sets. The areas of interest,
analysis, taxonomies, and best practices developed from these programs can be leveraged as the
impetus for small-business innovation.

Technology components and systems for application-specific needs such as integration with vehicles or
agriculture, or special climates.

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 cost-model analysis showing a path to becoming cost-
competitive with current state of the art and the potential to increase solar generation on the grid.

Applications will be considered nonresponsive and declined without external merit review if they are not
based on sound scientific principles, are within the scope of any other of the subtopic listed under the Solar
Energy Technologies topic, or do any of the following:

Focus exclusively on HVAC or water heating applications;

Propose products or projects for satellite or other space applications;

Propose development of concentrated PV or solar spectrum splitting technologies;

Propose development of technologies with very low possibility of being manufactured domestically at
a competitive cost (e.g., PV modules based on copper zinc tin sulfide (CZTS) or amorphous silicon thin
films; technologies assuming incorporation of functional materials, such as quantum dots or
luminescent solar concentrators);

Propose technologies to improve the shade tolerance of PV modules;

Business plans or proofs of concept that do not include documentation supporting their necessity or
benefit. Competitive approaches in this application segment should be clearly defined in the
application;

Undifferentiated products, incremental advances, or duplicative products;

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

Duplicative software solutions with many existing competitors in the market, including software to
facilitate system design or system monitoring and any software solution to improve customer
acquisition processes;

Propose development of ideas or technologies that have already received federal support for the same
technology at the same technology readiness level.

This subtopic seeks to assist independent, growing small businesses that will successfully bring a new technology
to the market and identify a profitable, self-sustaining business opportunity based on their innovation. This
subtopic is not intended for creating a product, organization, service, or other entity or item that requires
continued government support.
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C56-16. SOLAR ENERGY TECHNOLOGIES (STTR ONLY)

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: NO Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: YES

The goal of the U.S. Department of Energy (DOE) Solar Energy Technologies Office (SETO) [1] is to accelerate
the development and deployment of solar technology to support an equitable transition to a decarbonized
electricity system by 2035 and decarbonized energy sector by 2050. Achieving this goal will support the
nationwide effort to meet the threat of climate change and ensure that all Americans benefit from the
transition to a clean energy economy. In 2021, DOE released the Solar Futures Study [2], a report that explores
the role of solar energy in achieving these goals. SETO supports solar energy research, development,
demonstration and technical assistance in five areas—photovoltaics (PV), concentrating solar-thermal power
(CSP), systems integration, manufacturing and competitiveness, and soft costs—to improve the affordability,
reliability, and domestic benefit of solar technologies on the electric grid.

The amount of U.S. electricity that is generated by solar technology is increasing. In 2010, less than 0.1% of
U.S. electricity generation came from solar energy; today this fraction is 4%. In California, solar accounts for
more than 20% of all electricity generated, with 11 states generating more than 6% from solar energy. [3] At
the same time, the cost of solar electricity is decreasing, driven by global economies of scale, technology
innovation, and greater confidence in PV technology. The levelized cost of energy (LCOE) benchmarks and
actual power purchase agreement (PPA) prices for utility-scale PV systems have decreased more than 80%
since 2010. [4] These low costs have driven the deployment of over 90 gigawatts alternating current (GWAC)
of solar capacity in the United States as of the end of 2021. [3] Over half of this capacity was installed after
2017. [5]

Historically, SETO has supported the commercialization of solar innovations through funding opportunities and
other programs that relate to one another but have their own unique attributes [6]. SETO uses the SBIR/STTR
program encourage U.S. small businesses to engage in high-risk, innovative research and technology
development with the potential for future commercialization. Other programs include the American-Made
Solar Prize [7], the Incubator topic area in SETO FOAs [8], and the Technology Commercialization Fund [9].
Please review SETQO’s webpage to find the best program for the technology readiness of your proposed
technology and to make sure that the application aligns with the program’s goals and objectives and our open
funding opportunities.

This topic is open only to STTR Phase | applications and STTR Fast-Track applications.

Fast-Track grants are opportunities to expedite the decision and award of SBIR and STTR Phase | and Il funding
for scientifically meritorious applications that have a high potential for commercialization. Fast-Track
incorporates a submission and review process in which both Phase | and Phase Il grant applications are
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combined into one application and submitted and reviewed together. DOE reserves the right to award only
the Phase | application deferring funding of Phase II.

Technical and Business Assistance (TABA)

Applicants are encouraged to take advantage of the Technical and Business Assistance (TABA) program, which
provides funding for commercialization activities in addition to the STTR research funding. Examples of
allowable commercialization services include: product sales, intellectual property protections, market
research, market validation, development of certifications and regulatory plans, development of
manufacturing plans. If you wish to utilize your own TABA provider(s), you are required to include this as one
or more subcontracts or consultants in your budget and to provide a detailed budget justification. Please read
the FOA [10] with more information about this program and how to apply for this extra funding.

The American-Made Network [11] is a great resource for finding TABA providers and vendors with specific
expertise in the solar space. The Network helps accelerate solar innovations through a diverse and powerful
group of entities that includes national laboratories, energy incubators, investors, prototyping and testing
facilities, and other industry partners from across the United States who engage, connect, mentor, and amplify
the efforts of small businesses. The Network can help companies solve pressing technology challenges, forge
connections, and advance potentially game-changing ideas and innovations.

Application Guidelines
Within this STTR Topic, applications submitted to any one of the subtopics listed below must:
e Propose a tightly structured program that includes quantitative technical and business objectives that
demonstrate a clear progression in development and are aggressive but achievable;
e Include projections for price and/or performance improvements that are referenced to a benchmark;
e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions;
e Include a preliminary cost analysis that clearly identifies assumptions and sources of input data;
e Justify all performance claims with theoretical predictions and/or relevant experimental data.

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 cost-model analysis showing a path to becoming cost-
competitive with current state of the art and the potential to increase solar generation on the grid.

Phase | awards part of this topic will be made in the form of a grant; SETO anticipates that Phase Il awards will
be made in the form of a cooperative agreement. In a cooperative agreement, DOE maintains substantial
involvement in the definition of the scope, goals, and objectives of the project.

Applicants are strongly encouraged to use the table below to include a summary of objectives they expect to
achieve by the end of the Phase | period of performance. A similar table will be required in a Phase Il application.
DOE may negotiate project milestones with entities selected for a Phase Il award. The table contains examples
of each objective type, to guide you as you prepare your application. Each application should include technical,
business, and stakeholder engagement-related objectives with clear, quantifiable, measurable, verifiable,
aggressive yet realistic success metrics, and clear definitions of how completion of an objective will be assessed.
Completion of a task or activity is not an objective. The table should be organized chronologically.
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool
Month of | Performance Success / Method of Verification Metric
completion Metric Value Measuring Process Justification,
Success Value Additional Notes
2 Cell > 25% Average, Raw data and | The success value
efficiency efficiency standard graphs was chosen based
deviation. At included in the | on initial cost
least 10 cells progress / final | modeling.
measured under | report Efficiency lower
standard submitted to than 25% makes
conditions. DOE according | this material not
Standard to the FARC. competitive with
deviation < 1% current state of
(absolute the art.
efficiency).
3 Circuit model | > 30 models, | Count. 30 Description of | Load models,
curation of which at realistic and circuit models, | impedances, and
least 20 are anonymized load models, connectivity
suitable for candidate impedances, characteristics
testing distribution and must be included
circuit models connectivity in the report to
identified, of characteristics | assess the
which at least 20 | included in the | feasibility of the
are suitable for progress / final | proposed circuits.
detailed testing. | report
submitted to
DOE according
to the FARC.

4 Feedback >10 Count. A Documentatio | User feedback is
potential minimum of 10 n of feedback | a critical part of
users potential users and a justified | aniterative

of the tool will plan to development
undergo a demo | implementor | cycle to ensure
of the software reject the solution is
(in-person or recommendati | useful to
webinar) and ons from potential off-
provide potential users | takers.
feedback. Users | included in the

must provide progress / final

specific feedback | report

as to the submitted to

minimum DOE according

availability and to the FARC.

response time

they require for
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool
Month of | Performance Success / Method of Verification Metric
completion Metric Value Measuring Process Justification,
Success Value Additional Notes
their specific use
case.
4 Module > 30 years Accelerated Raw dataand | IEC 1234 is the
lifetime testing graphs industry-used
conducted included in the | module
according to progress / final | degradation test.
testing report
procedures submitted to
listed in IEC DOE according
1234. to the FARC.
5 Heliostat < $50/m? Average Cost model Success metrics
installed cost expected with defined in the
accuracy range is | description of | FOA.
+20%/-15%. assumptions
used for input
parameters,
methodology
for the
sensitivity
analysis,
supporting
documents
used to
determine the
bill of
materials
included in the
progress / final
report
submitted to
DOE according
to the FARC.
5 Letters of 5 letters Count. A Letters Engaging with a
Support minimum of 5 included in the | large domestic
letters of progress / final | module
support from report manufacturer is
domestic submitted to essential to show
manufacturers. DOE according | there are
Includes one to the FARC. interested
module technology off-
producer with takers.
capacity over
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT

NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.

Assessment Tool
4 Month of | Performance Success / Method of Verification Metric
completion Metric Value Measuring Process Justification,
Success Value Additional Notes
200MW
annually.

7 6 Simulation Single feeder | Power flows Quantitative 5% agreement is

validation simulation validated on a simulation required to
single realistic results assess the quality
distribution included in the | of the simulation
feeder in progress / final | tools.
simulation. report
Phasor tracking | submitted to
shows DOE according
agreement with | to the FARC.
expected power
flows at every
circuit node to
better than 5%.

8 8 Independent | Third-party Report by Security Implications of
expert review independent review report | new platform
review of third-party included in the | architecture in
security cybersecurity progress / final | the context of
architecture expert reviewing | report new

the architecture | submitted to cybersecurity
and providing DOE according | concerns must be
feedback on to the FARC. investigated and
potential mitigated if
weaknesses. necessary.

9 9 Module > 25% Average, Raw data, The success value
efficiency efficiency standard graphs, and was chosen based

deviation. At report from on initial cost
least 10 modules | testing facility | modeling.
measured under | included in the | Efficiency lower
standard progress / final | than 25% makes
conditions. report this technology
Standard submitted to not competitive
deviation < 1% DOE according | with current state
(absolute to the FARC. of the art.
efficiency).

10 9 Binding 2 letters Count. A Letters Success of the
letters of minimum of 2 included in the | award will be
intent letters of intent | progress / final | measured by

from relevant
stakeholders
committing to

report
submitted to

successful
technology
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PERFORMANCE METRICS AND SUCCESS VALUES IN THIS TABLE ARE ONLY EXAMPLES AND DO NOT
NECESSARILY REPRESENT OFFICE GOALS OR SUCCESS METRICS FOR THIS TOPIC.
Assessment Tool
4 Month of | Performance Success / Method of Verification Metric
completion Metric Value Measuring Process Justification,
Success Value Additional Notes

fabricate and DOE according | transfer to
test a large-scale | to the FARC. private entities.
prototype of this
technology.

11 9 Contract >1 Count. At least Agreement Success of the
one agreement included in the | award will be
with a non- progress / final | measured by
team-member to | report successful
share data and submitted to technology
beta test the DOE according | transfer to
solution. to the FARC. private entities.

Applications are sought in the following subtopics:

a. Transferring Novel Solar Technologies from Research Laboratories to the Market

This subtopic intends to support technology transfer from research institutions (universities and national
laboratories) to the market. SETO recognizes that a lot of interesting technologies are developed in research
laboratories and do not have enough support to be spun out into independent companies. At the same time,
research institutions have unique expertise, know-how, and infrastructure that can be valuable to a start-up.
The STTR program is a vehicle to support the creation of new, for-profit entities that will work closely with a
research institution.

This subtopic solicits applications for spinning out solutions from research institutions with the goal of
advancing solar energy technologies by lowering cost [1], increasing domestic content in solar hardware [2],
and facilitating its secure integration into the nation’s energy grid. Applications must fall within one of these
areas: advanced solar systems integration technologies, concentrating solar-thermal power technologies,
photovoltaic technologies, or technologies to reduce soft costs. Applications can include hardware and / or
software innovation.

Specific areas of interest include but are not limited to:

e Technologies that reduce the manufacturing costs of solar energy system components or
subcomponents to boost domestic energy manufacturing and increase U.S. manufacturing
competitiveness;

e Technologies to enable fast quality-control processes both in the manufacturing lines and in the field;

e Advanced metrology for scaled PV manufacturing;

e Optical annealing technologies for PV module manufacturing (including thin films and emerging
materials, such as perovskites);

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

e Technologies or solutions that reduce the balance-of-system costs of a PV system;
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e Technologies that build on other SETO programs and/or leverage results and infrastructure developed
through these programs. [3] In the past few years, SETO has funded several programs to support multi-
stakeholder teams as they research and develop solutions to reduce significant barriers to solar energy
adoption through innovative models, technologies, and real-world data sets. The areas of interest,
analysis, taxonomies, and best practices developed from these programs can be leveraged as the
impetus for small-business innovation.

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 cost-model analysis showing a path to becoming cost-
competitive with the current state of the art and the potential to increase solar generation on the grid.

Applications will be considered nonresponsive and declined without external merit review if they are not
based on sound scientific principles, are within the scope of any other of the subtopic listed under the Solar
Energy Technologies topic, or do any of the following:

e Focus exclusively on HVAC or water heating applications;

e Propose development of concentrated PV or solar spectrum splitting technologies;

e Propose development of technologies with very low possibility of being manufactured domestically at
a competitive cost (e.g., PV modules based on copper zinc tin sulfide (CZTS) or amorphous silicon thin
films; technologies assuming incorporation of functional materials, such as quantum dots or
luminescent solar concentrators);

e Propose technologies to improve the shade tolerance of PV modules;

e Business plans or proofs of concept that do not include documentation supporting their necessity or
benefit. Competitive approaches in this application segment should be clearly defined in the
application;

e Undifferentiated products, incremental advances, or duplicative products;

e Projects without a clear and measurable impact on the solar industry (e.g., retiring risk sufficiently for
follow-on investment or catalyzing development);

e Duplicative software solutions with many existing competitors in the market, including software to
facilitate system design or system monitoring and any software solution to improve customer
acquisition processes;

e Propose development of ideas or technologies that have already received federal support for the same
technology at the same technology readiness level.

This subtopic seeks to assist independent, growing small businesses that will successfully bring a new
technology to the market and identify a profitable, self-sustaining business opportunity based on their
innovation. This subtopic is not intended for creating a product, organization, service, or other entity or item
that requires continued government support.

Questions — Contact: solar.sbir@ee.doe.gov

To be fair to all potential applicants, SETO will collect all questions received and make all answers public on
this page: https://energy.gov/solar-office/sbir. The name of the person or organization asking the question
will not be made public. SETO will not provide individual feedback or comments to specific potential projects
or applications. Please do not include any business-sensitive or confidential information in your question.

References:
1. U.S. Department of Energy, 2021, Solar Energy Technologies Office, US DOE, Solar Energy Technologies
Office, https://energy.gov/solar-office (November 3, 2021)
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2. U.S. Department of Energy, 2021, Solar Futures Study, US DOE, Solar Energy Technologies Office,
https://www.energy.gov/eere/solar/solar-futures-study (November 4, 2021)

3. Feldman, D., Margolis, R., 2021 Spring Solar Industry Update,
https://www.nrel.gov/docs/fy22osti/82854.pdf

4. Feldman, D, et al, 2021, U.S. Solar Photovoltaic System and Energy Storage Cost Benchmark: Q1 2020,
National Renewable Energy Laboratory, NREL/TP-6A20-77324,
https://www.nrel.gov/docs/fy21osti/77324.pdf (November 4, 2021)

5. Feldman, D., Margolis, R., 2020, Q2/Q3 2020 Solar Industry Update, NREL/PR-6A20-78625,
https://www.nrel.gov/docs/fy21osti/78625.pdf (November 4, 2021)

6. U.S. Department of Energy, 2021, Manufacturing and Competitiveness, US DOE, Solar Energy Technologies
Office, https://www.energy.gov/eere/solar/manufacturing-and-competitiveness (November 4, 2021)

7. U.S. Department of Energy, 2021, American-Made Solar Prize, US DOE, Solar Energy Technologies Office,
https://www.energy.gov/eere/solar/american-made-solar-prize (November 4, 2021)

8. U.S. Department of Energy, 2022, Solar Energy Technologies Office Fiscal Year 2022 Solar Manufacturing
Incubator, US DOE, Solar Energy Technologies Office, https://www.energy.gov/eere/solar/articles/funding-
notice-fiscal-year-2022-solar-manufacturing-incubator (October 14, 2022)

9. U.S. Department of Energy, 2021, Technology Commercialization Fund, US DOE, Solar Energy Technologies
Office, https://www.energy.gov/eere/solar/technology-commercialization-fund (November 4, 2021)

10. Funding Opportunities, Department of Energy, Solar Energy technologies Office.
https://www.energy.gov/eere/solar/funding-opportunities (October 14, 2022)

11. The American-Made Challenges, https://network.americanmadechallenges.org/ (October 14, 2022)

References: Subtopic a:

1. U.S. Department of Energy, 2021, 2030 Solar Cost Targets, US DOE, Solar Energy Technologies Office,
https://www.energy.gov/eere/solar/articles/2030-solar-cost-targets (November 4, 2021)

2. U.S. Department of Energy, 2021, Solar Energy Technologies Office Multi-Year Program Plan, US DOE, Solar
Energy Technologies Office, https://www.energy.gov/eere/solar/articles/solar-energy-technologies-office-
multi-year-program-plan (November 4, 2021)

3. U.S. Department of Energy, 2021, Solar Energy Research Database, U.S. DOE, Office of Energy Efficiency
and Renewable Energy, https://www.energy.gov/eere/solar/solar-projects-map (November 4, 2021)

C56-17. WIND ENERGY TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

EERE’s Wind Energy Technologies Office (WETO) (https://energy.gov/eere/wind) drives innovation through
research, development, and testing of advanced wind energy technologies. WETO plans and executes a
diversified portfolio of early-stage research and development (R&D) to advance technologies for offshore,
land-based, and distributed wind energy, and its integration with the electric grid. The Office also supports
research on siting and environmental challenges and analysis and modeling. This work aims to drive down the
cost of wind energy through competitively selected, cost-shared projects, carried out in collaboration with
industry, universities, research institutions, and other stakeholders.

WETO emphasizes three common and overarching themes:
e Reduce the cost of wind energy for all wind applications (offshore, land-based utility-scale, and
distributed).
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https://energy.gov/eere/wind
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e Enable and facilitate the interconnection and integration of substantial amounts of wind energy into
the dynamic and rapidly evolving energy system, that is cost-effective, cyber-secure, reliable, and
resilient, and includes systems integrated with other energy technologies, energy storage, and offshore
and inter-regional transmission planning.

e Accelerate the deployment of wind energy through siting and environmental solutions to reduce
environmental impacts, minimizing timetables for wind energy project development, and facilitating
responsible, sustainable, and equitable development and delivery of wind energy resources.

Wind power capacity grew at a near record pace in 2021 (second only to 2020), with $20 billion invested and
13,413 megawatts (MW) of new capacity added in the United States, totaling a cumulative installed capacity
of 135,886 MW. Additions were supported by the industry’s primary federal incentive—the PTC—technology
improvements and cost reductions, as well as state-level policies, but the PTC expired at the end of 2021
creating market uncertainty. In August 2022, the Inflation Reduction Act (IRA) was signed into law which
makes the single largest investment in climate and energy in American history, enabling America to tackle the
climate crisis, advancing environmental justice, securing America’s position as a world leader in domestic clean
energy manufacturing, and putting the United States on a pathway to achieving the Biden Administration’s
climate goals, including a net-zero economy by 2050 [1]. The IRA is poised to have a significant impact on the
future of wind energy.

Wind power represented the second largest source of U.S. electric-generating capacity additions in 2021
(behind solar), constituting 32% of all capacity additions. Domestic wind-related jobs grew to a record number
in 2021, with more than 120,000 Americans now working in the wind industry. According to the Bureau of
Labor Statistics, wind turbine service technicians are the second fastest growing U.S. job of the decade [2].

The offshore wind industry is just beginning to develop in the United States, driven by the attraction of robust
offshore wind resources, falling offshore wind turbine costs, technological advances, accelerated Federal
offshore wind lease auctions, and complementary state policies and commitments. Offshore wind
development in U.S. waters has been slowed, however, by several challenges, including its comparatively high-
cost, an array of unique weather, wildlife, environmental, radar and other siting challenges, and no clear path
yet for integrating vast amounts of new power onto an existing shore-based grid. Fixed-bottom technology, as
developed abroad, can be adapted to U.S. waters, but the technology for floating offshore wind is a “new
frontier”. The promise of offshore wind is great, but there is more work to be done.

Global offshore wind installations in 2021 had a record year for deployment with 17,398 MW of new projects
commissioned, pushing global installed capacity past 50 GW. Three floating offshore wind projects came
online in 2021, totaling 57.1 MW, including the largest floating offshore wind project built to date—the 50
MW Kincardine Offshore Wind Farm in Scotland. With these additions, the total global pipeline for floating
offshore wind energy grew by 12% in 2021 to 60,746 MW.

Falling offshore wind prices, state-level commitments, and an unprecedented expansion into new leasing
areas drove the U.S. offshore wind pipeline to grow 13% over the previous year, with 40,083 MW now in
various stages of development. The pipeline includes two projects in operation totaling 42 MW, two projects
under construction totaling 800 MW, and 18 projects in the permitting phase totaling 18,581 MW. Over the
last year, the Biden administration significantly expanded areas of the country available to offshore wind
development, with six new lease areas auctioned in New York Bight, two new lease areas auctioned in
Carolina Bay, and plans to lease new areas in California, Gulf of Mexico, Central Atlantic, Oregon, and Gulf of
Maine [3].

Wind energy’s growth has brought attention to the need for advanced technology and controls to support grid
resilience and integration of wind with other energy technologies. WETO aims to advance scientific knowledge
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and technological innovation to enable clean, low-cost wind energy options nationwide. With continued
research and technology innovation to drive down wind energy costs and overcome grid integration,
environmental and siting, and workforce development challenges, wind energy has the potential to serve as a
key building block of an affordable, reliable, and secure energy future.

All applications must:

e Include technical, business, and stakeholder engagement-related objectives with clear, quantifiable,
measurable, verifiable, aggressive, yet realistic, success metrics, and clear definitions of how
completion of an objective will be assessed, supported by literature-based articulation of the baseline
and quantitative success metrics, where feasible.

e Include projections for price and/or performance improvements that are tied to a baseline (i.e., DOE
Wind Vision [4] or market reports and/or state-of-the-art products or practices).

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions expressing how the technical advancements will advance the state of
the art.

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

e Include a strong justification of the need for such technical advancements from the perspective of wind
research and development, or energy siting and permitting.

Where applicable, applications should demonstrate interest from wind energy original equipment
manufacturers and/or owner/operators regarding potential use of the technologies or where the end user is a
regulatory body. The nature of that interest in and/or support of that body regarding the products of the
research project should also be identified.

a. Open Topic

WETO invites applications for technology innovations that address technology gaps for distributed, land-
based, and offshore wind with the potential to enable wind power to generate electricity in all 50 states cost
competitively with other sources of generation.

This is an open call. Areas of specific interest include, but are not limited to, the following:
e Technology solutions to mitigate siting and environmental impacts for land-based and/or offshore
wind plants [5].

o Evaluating or minimizing impacts on coastal communities (e.g., fishing communities), historic
properties and settings, cultural landscapes, and co-users of ocean space.

o Innovative wildlife tags with a focus on alternatives to radio tags (e.g., GPS tags with or without
remote data transfer).

o Software technologies aimed at improving audio and/or image recognition of wildlife impacted
by wind that function in adverse conditions which can differentiate between groups of wildlife
and species.

o Wind turbine radar interference reduction technologies [6]

e Technology for offshore wind resource characterization

o Measurement of turbulence intensity and thermodynamic profiles across the rotor layer at sea
[7]

e Wind turbine manufacturing, installation, and innovation [8, 9]

o Increased automation in wind turbine blade manufacturing and maintenance

o Non-destructive evaluation technologies for in-process qualification of manufactured wind
components
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Innovative installation technologies for extreme scales and complex terrain
Operations and maintenance decision-making tools
Wind turbine component recycling technologies
Anchoring and mooring concepts
e Grid Integration and Energy Storage [10]
o Tools that address bulk power system wind interconnection needs [11]
o Wind plant model validation
o STTR: Tool to simplify state and local regulatory requirements for electric transmission project
development [12]

@)
@)
@)
@)

Questions — Contact: Ben Hallissy, benjamin.hallissy@ee.doe.gov
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Tools could include hosting capacity tools such as the one EPRI developed “How Much Renewable Energy
Can a Power Transmission System Accommodate? - EPRI Journal | EPRI Journal”

MISO has on POl analysis https://giqueue.misoenergy.org/PoiAnalysis/index.html

National Renewable Energy Laboratory. Regulatory and Permitting Information Desktop Toolkit.
https://openei.org/wiki/RAPID

C56-18. HYDROGEN AND FUEL CELL TECHNOLOGIES

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

Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
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Accepting SBIR Fast-Track Applications: NO | Accepting STTR Fast-Track Applications: NO

The Hydrogen and Fuel Cell Technologies Office (HFTO) is part of DOE’s comprehensive energy portfolio aimed
at building a sustainable energy economy and addressing the climate crisis, which is a top priority of the Biden
Administration. The goals are to achieve carbon pollution-free electricity by 2035 and to “deliver an equitable,
clean energy future, and put the United States on a path to achieve net-zero emissions, economy-wide, by no
later than 2050” [1] to the benefit of all Americans.

The activities to be funded by HFTO will support the goals of DOE’s Hydrogen Shot [2], which targets
affordable clean hydrogen production at $1/kg within the decade, and the H2@Scale Initiative [3], which aims
to advance affordable hydrogen production, transport, storage, and utilization to enable decarbonization and
revenue opportunities across multiple sectors.

Additionally, activities will address the new clean hydrogen provisions of the November 2021 Infrastructure
Investment and Jobs Act (IIJA), also known as the Bipartisan Infrastructure Law (BIL). It includes provisions for
the investment by DOE of $9.5 billion over five years in the research, development and demonstration of clean
hydrogen production, storage, distribution, and end use technologies. Section 40314 includes $8 billion for
establishment of at least four Regional Clean Hydrogen Hubs, $500 million for Clean Hydrogen Technology
Manufacturing and Recycling, and $1 billion for Clean Hydrogen Electrolysis Program [4].

Applications are sought to address the overarching program goal of facilitating wide-spread adoption of
hydrogen and fuel cells across sectors and the DOE national clean hydrogen strategy and roadmap [5] required
in the BIL. The roadmap prioritizes three key strategies to ensure that clean hydrogen is developed and
adopted as an effective decarbonization tool and for maximum benefits for the United States: (1) Target
strategic, high impact uses for clean hydrogen. This will ensure that clean hydrogen will be utilized in the
highest value applications, where limited deep decarbonization alternatives exist. Specific markets include the
industrial sector, heavy-duty transportation, and long-duration energy storage to enable a clean grid. Long-
term opportunities include the potential for exporting clean hydrogen or hydrogen carriers and enabling
energy security for our allies; (2) Reduce the cost of clean hydrogen, aligned with Hydrogen Shot to catalyze
both innovation and scale, stimulating private sector investments, spurring development across the hydrogen
supply chain, and dramatically reducing the cost of clean hydrogen; and (3) Focus on regional networks. This
includes regional clean hydrogen hubs to enable large-scale clean hydrogen production and end-use in
proximity, enabling critical mass infrastructure. Priorities will include near term impact, creating jobs -
including good paying union jobs - and jumpstarting domestic manufacturing and private sector investment.

As part of all these activities, HFTO efforts include research, development, and demonstration, including
reducing the cost and improving the performance and durability of fuel cells, as well as developing affordable
and efficient technologies for hydrogen production, delivery, and storage.

Applications submitted to any of these subtopics must:

e Propose a tightly structured program including technical milestones that demonstrate clear progress,
are aggressive but achievable, and are quantitative

¢ Include projections for performance and/or cost improvements that are tied to a baseline

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions

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


https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office
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HFTO seeks applications in the following subtopics:

Base Appropriation

a. Low-Temperature Reversible Fuel Cells
Advanced Thermal Management Technologies for Fuel Cell Heavy-Duty Vehicle Applications
Fast Response Flow Control Valves for Gaseous Hydrogen Fueling of Fuel Cell Vehicles
Hydrogen Leak Quantification Technologies for Environmental Monitoring
Hydrogen Fuel Cell Powered Urban Air Mobility Feasibility Study
Hydrogen Sustainability Assessment Methods for Project Development

~oapoo

BIL Funding
g. Liquid Hydrogen Fueling and Delivery Components

h. Fuel Cell and Electrolyzer Manufacturing Quality Methods

i. Power Electronics Manufacturing Improvements for Heavy-Duty Fuel Cell Vehicle Applications
j. Fuel Cell Bipolar Plate Protective Coating Manufacturing and Refurbishment Development

k. Non-PFSA Membranes for Electrolyzers and Fuel Cells

|.  Electrolyzers for Impure Water Operation

m. Alkaline Exchange Membranes for Water Electrolyzers

a. Low-Temperature Reversible Fuel Cells
This subtopic solicits applications for low temperature reversible fuel cells (RFCs) for energy storage
applications and addresses the challenges RFCs face within those applications.

RFCs can operate in both fuel cell and electrolyzer modes and are a promising way to store large amounts of
energy at a low cost. These systems, when combined into a single stack, need to maintain high performance in
both operating modes and achieve a high roundtrip efficiency (RTE) to be cost competitive. If they can achieve
such targets, they can be used for co-located energy storage and power generation. These RFCs could mitigate
intermittency issues that are inherent to renewable energy, such as solar and wind [1]. These systems would
need to reliably generate hydrogen during excess power generation (via electrolyzer mode) and use hydrogen
to generate electricity (via fuel cell mode) during peak demand.

However, to date, RFCs typically suffer in one of the modes, depending on which operating mode the cell is
most optimized for. Fabricating a stack that can satisfy the optimal requirements for both fuel cells and
electrolyzers is difficult, due to the different demands. If an RFC can achieve high RTE, the system can be used
as an energy storage device with the energy stored as hydrogen gas and provide long term energy resiliency.

Phase | applications should demonstrate an RFC with a high RTE with improved durability obtained from the
same MEA operating in both fuel cell and electrolyzer modes, moving towards the 2030 targets given in the
below table [2], and focused on a specific energy storage application. Cost analysis and projections for the
specific application should be part of the research plan to move towards a lower levelized cost of storage set
by DOE. Additional important areas to consider and are encouraged to apply under this subtopic includes
water management to achieve high RTEs, bifunctional catalyst integration into RFCs, and other low-
temperature materials, such as anion-exchange membrane systems. The goal of this subtopic is to reach high
performing RFCs for low-cost energy storage applications.

Requirements® (1 or more) Units 2020 Status 2030 Targets

Cell Performance/Roundtrip Efficiency % 52 55
at 0.5 A/cm? FC; 1 A/cm? EL
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Total Cell PGM Loading mg/cm? 1.3 1.0
Cell Durability/Degradation Rate %/1000 hr - 0.25
Levelized Cost of Storage (for a S/kWh 1.60 0.20
system)

Questions — Contact: David Peterson, David.Peterson@ee.doe.gov or Julie Fornaciari,
Julie.Fornaciari@ee.doe.gov

b. Advanced Thermal Management Technologies for Fuel Cell Heavy-Duty Vehicle Applications
This subtopic solicits novel and innovative thermal management concepts that advance the performance and
durability of heavy-duty fuel cell vehicle systems.

Medium- and heavy-duty proton exchange membrane (PEM) fuel cell electric vehicles operating on hydrogen
offer several advantages over incumbent combustion technologies, including higher efficiency, reduced
emissions, higher torque, and no noise pollution. Medium- and heavy-duty truck applications require a
lifetime of up to one million miles (e.g., 100,000 miles/year over 10 years), and therefore require fuel cells
with innovative components with enhanced durability, while also maintaining low cost. Significantly longer
vehicle lifetimes and range requirements also mean that hydrogen fuel costs comprise a greater proportion of
vehicle lifecycle cost. As such, fuel cell efficiency is a key parameter for economic viability [1].
Offroad-equipment and vehicles powered via hydrogen fuel cells are frequently tailored to specific
applications (e.g., mining trucks, agricultural equipment, construction equipment, etc.), with high power
operation often at low speed, thus requiring large, high-power cooling fans to generate sufficient air flow over
radiator fins. A recent offroad workshop report lists fuel cell cooling as a key challenge, with potential
solutions arising from additional radiators, increased fan power, higher fuel cell stack operating temperatures,
and/or more efficient heat rejection equipment [2]. Equipment addition results in a gravimetric and/or
volumetric cost by lowering system energy/power density and/or further restricting the vehicle area/volume
for heat rejection and fuel storage. Thus, equipment addition must be carefully weighed against potential
benefits.

PEM fuel cell stacks generally operate at temperatures ranging from 65 - 95°C with most operation near 80°C,
which optimizes stack performance and durability. System designers must balance higher heat rejection rates
at higher stack temperatures against more rapid degradation at the membrane and electrode level. Many of
the degradation mechanisms responsible for shortening PEM fuel cell lifetimes are thermally activated, with
rates that increase exponentially with temperature. As a result, small increases in stack operating temperature
can lead to large reductions in stack lifetime. Operating the stack below 80°C reduces cell current density due
to lower conductivities and slower reaction rates and reduces the temperature differential for heat rejection
to the ambient environment, which further constrains the system due to limited vehicle area for radiator
inclusion.

Optimization of the thermal management system is critical for meeting the 2030 DOE heavy duty fuel cell
targets for durability (25,000 hours), system cost (580/kW), and efficiency (68% peak) [3]. Novel approaches to
thermal management and heat rejection may provide distinct advantages over conventional approaches.

Phase | applications should develop a model capable of capturing the PEM fuel cell thermal management
system dynamics and assessing the impact of thermal management component improvements on overall heat
rejection and reduced average stack operating temperature over simulated drive cycles. Applicants are not
restricted in their approach to improved thermal management but must include analysis comparing the
projected improvement(s) in fuel cell system benefits against any additional component costs as well as
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gravimetric, volumetric, and efficiency penalties. Novel thermal management component performance must
be validated via bench test in Phase |I. Commercial off the shelf components may be modeled using
manufacturer specifications. Phase Il efforts must demonstrate the novel component(s) at the bench scale,
and validate the model developed during Phase I. Applications developing novel heat exchangers, coolant flow
paths, coolant composition(s), phase change materials, hybridized systems, and other approaches are
encouraged.

Questions — Contact: Will Gibbons, William.Gibbons@ee.doe.gov

c. Fast Response Flow Control Valves for Gaseous Hydrogen Fueling of Fuel Cell Vehicles

This subtopic solicits applications to develop gas flow control valves for use at hydrogen fueling stations
serving medium- and heavy-duty fuel cell vehicles. These vehicles are expected to have on-board hydrogen
capacities up to 100 kg and the targeted fueling time is under 10 minutes, yielding expected average flow
rates of 10+ kg/min (20+ kg/min peak). Additionally, supply (inlet) pressure to the flow control valve can
increase significantly and rapidly due to supply tank switching. These flow conditions challenge the
performance of currently available flow control valves. This topic seeks research and develop of valves or
other flow control approaches that can maintain set point accuracy under large and rapid inlet pressure
increases. Depending on the station hydrogen storage configuration, inlet pressure could rise by several
hundred bar in only a few seconds. Operating conditions include a rated pressure of 1000 to 1380 bar and
hydrogen gas temperature of -40 to 85°C. The flow control valve will need to connect to hydrogen supply
tubing of at least 9/16-inch outer diameter.

For additional information, HFTO funded activities at the National Renewable Energy Laboratory have
demonstrated high flow fueling test capabilities and generated test data concerning potential flow rates [1]
and inlet pressure swings [2].

Phase | applications must describe the current status of the gas flow control technology or approach being
developed and innovations targeted to maintain set point accuracy under large and rapid inlet pressure
changes. Applications must also describe bench-scale testing that will be completed to assess the likelihood of
the proposed concept maintaining accuracy under varied inlet pressure conditions.

Questions — Contact: Mark Richards, Mark.Richards@ee.doe.gov

d. Hydrogen Leak Quantification Technologies for Environmental Monitoring
In this subtopic, HFTO seeks applications for novel concepts that can quantify hydrogen leakage for in-situ
environmental monitoring at hydrogen production, delivery, storage, or end-use locations.

In March 2022, HFTO and the European Commission co-hosted the “Clean Hydrogen JU Expert Workshop on
Environmental Impacts of Hydrogen” to identify technical needs and next steps for monitoring and mitigating
hydrogen releases into the atmosphere [1]. To mitigate environmental impacts of hydrogen leakage, as well as
to inform future hydrogen technology development and risk assessment efforts, further understanding is
needed on the amount of hydrogen that is released if a leak occurs. Previous work by the National Renewable
Energy Laboratory has provided a benchmark for current hydrogen leak detection technologies [2]. Currently
commercially available hydrogen leak detection systems have been designed to alert operators of hydrogen
leaks at momentary levels that pose safety risks, rather than quantify the total amount lost through leakage.
Quantification of hydrogen losses from infrastructure currently rely on system mass flow measurements
rather than in-situ measurement at the site of the leak.
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Phase | applications must include concept design to quantify hydrogen leakage in-situ at least a parts per
million sensitivity and should detail plans to advance the detection capability to a parts per billion level in
Phase II. Concepts proposed may either be stand-alone, with a detection component, or they may be
integrated with existing detection technology, as a modular system. Phase | is expected to involve an in-depth
analysis that includes preliminary design, research, and development of the selected component(s) or
strategy, as well as identification of the specific application or use case being targeted. If reasonable within
the Phase | budget, applications may include proof-of-concept testing of any new components or processes to
show that they have the potential to quantify hydrogen leakage in-situ.

Phase Il should focus on prototype development and testing at a scale relevant to demonstrate the viability of
the concept for the specific application or use case identified. Phase Il should include refining the sensitivity of
the technology to quantify hydrogen leaks at a parts per billion level. Identification of service life and
replacement criteria, commercialization strategies, market analysis, and cost comparison to existing hydrogen
sensor technologies should also be included in Phase Il.

Questions — Contact: Laura Hill, Laura.Hill@ee.doe.gov

e. Hydrogen Fuel Cell Powered Urban Air Mobility Feasibility Study
The objective of this topic is to perform a technical economic analysis (TEA), conceptual and preliminary
designs, model scale development and test of a hydrogen fuel cell powered Urban Air Mobility (UAM) aircraft
utilizing Vertical Take Off Landing (VTOL) based on the air taxi use case comparing it to comparable internal
combustion engine and battery rotor craft to determine the following key metrics [1]:

e Greenhouse Gases (GHGs) abatement potential

e Total Cost of Ownership

e Technology Readiness Level — Fuel Cell Power Train, H2 Storage, Vehicle

e Performance versus baseline incumbent technology — internal combustion engine rotor craft and

battery powered rotor craft.

Urban and highway roads are increasingly more hindered with traffic jams reducing the ability of passengers
to get to local destinations in urban areas. UAM includes VTOL aircraft designed to expand transportation
networks beyond ground-based technologies to aviation enabling short flight networks for the movement of
people and goods around metropolitan areas. Air taxis use VTOL aircraft technologies and are starting to be
used in urban areas for short flights to move passengers reducing the number of ground vehicles and traffic
congestion [2]. Fewer vehicles on road result in reduced traffic congestion, a decrease in noise, and with
hydrogen fuel cell zero emission UAM, a reduction in vehicular GHGs [3]. Present propulsion systems either
lack sufficient range (e.g., batteries) or contribute to greenhouse gas emissions (e.g., internal combustion
engines). The global air taxi market size is projected to reach $6.63 billion by 2030 [4].

This SBIR topic seeks innovative concepts for a hydrogen fuel cell powered UAM vehicle and the feasibility
study to support its development. The feasibility study should include a technical economic analysis (TEA) of a
UAM VTOL based on the air taxi use case comparing it to comparable internal combustion engine rotor craft.
The effort should align with previous efforts performed by national labs in terms of technical specifications
and targets [5].

Operational and conceptual design specifications for the design study should feature a UAM VTOL:
e With an average one-way trip range of 50 miles (the average urban commute is 8.5 miles, and the
average mega commute is 93 miles)
e Carrying a payload of between two and four revenue passengers
e Capable of operating in all environments for cities located at elevations as high as Denver, CO
e Onboard storage of hydrogen should include a provision for a 20-minute reserve
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e UAM to be piloted (though in the future, autonomous flight is a likely evolution of the aircraft)

The design study should include the expected cost of hydrogen fuel. To determine hydrogen consumption
values used in the study, the topic seeks development of a powertrain dynamic model, confirmed by
powertrain testing, for a UAM air taxi. The model should include take-off, ascent, horizontal flight, hovering,
descent, and landing operations typical of a daily duty cycle of multiple trips, passenger loading/unloading,
takeoffs and landings, and fueling.

PHASE I: Perform and document a feasibility study of fuel cell UAMs based on the development of a TEA
(including comparison with baseline incumbent technology — internal combustion engine and battery power)
including conceptual and preliminary design specification. Develop a Phase Il plan to validate the findings of
the feasibility study and conceptual and preliminary design using a scale VTOL model.

PHASE II: Build a scale and operate a scale UAM VTOL with fuel cell power train and onboard hydrogen storage
system validation of results from the PHASE | study. The Technology Readiness Level target for end of Phase Il
is TRL 6 as defined by NASA to be system/subsystem model or prototype demonstration in a relevant
environment (ground or space) [6].

The resulting findings and final report from this Topic should serve as a guide for aircraft manufactures and
operators of hydrogen fuel cell UAM air taxi in development of full-scale development and placement into

revenue service.

Questions — Contact: Pete Devlin, Peter.Devlin@ee.doe.gov

f. Hydrogen Sustainability Assessment Methods for Project Development

In this subtopic, HFTO seeks applications for improved methods to assess the sustainability of commercial
hydrogen projects and energy systems. The assessment approach will incorporate a broad range of
sustainability metrics, covering all relevant social, environmental, and economic indicators, and allow for
application to real-world projects deployed within the next 1-3 years. To the degree possible, the assessment
approach should leverage both DOE and other public resources relevant to various hydrogen sustainability
indicators, as well as assessment methods and communication or interface platforms used to assess other civil
infrastructure, energy utility, or transportation system projects (examples are provided below). One of the
goals of the assessment process is to improve stakeholder engagement and development decisions related to
sustainability performance over the project life cycle, from early planning through execution and operation. To
the degree possible, the assessment approach should address the needs of one or more primary stakeholder
groups (e.g., environmental/energy justice), and address opportunities or impacts relevant to utilities, energy
companies, government organizations, and relevant industrial and transportation sector stakeholders.

While applicable to a wide range of hydrogen projects, including hydrogen production, storage, delivery, and
end-use technologies, the assessment approach should be consistent with practices that are readily
recognized and accepted by the sustainability assessment community. A successful approach and framework
will be easily integrated with assessment methods already in use by various stakeholder groups, government
and non-government agencies, and industry, energy utility, or transportation organizations. Examples include
project-based rating systems, such as Envision [1], CEEQUAL [2], or the IS rating scheme [3], sector-specific
tools such as SOLVE [4], as well as, potentially, broader frameworks such as GRI [5] or the Natural Capital
Protocol [6]. Results from applying the assessment should accelerate, support, and feed into various
sustainability certifications or rating systems, depending upon the project type and application. Assessment
results will include both quantitative and qualitative indicators, with emphasis on those mostly closely related
to attributes unique to hydrogen energy systems and end-use applications.
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Phase | applications must include full description of the assessment approach, including analytical approach,
gualitative methods, indicator results, and all potentially relevant input and project-specific data sources.
Integration and commensurability with existing frameworks and assessment methods used by government
and other stakeholder types should be described in detail. The framework should be integrated with
capabilities and results provided by relevant tools currently relied upon by DOE or other federal agencies, with
no duplication of analytic capabilities. Examples of relevant existing tools include the GREET model [7], AWARE
model [8], EPA’s EJScreen [9], and the H2A [10], HDRSAM [11], and H2FAST [12] cost and financial analysis
models. Given that these existing tools address a subset of core indicators, such as lifecycle GHG emissions,
new capabilities should focus on other sustainability indicators, such as community benefits, stakeholder
engagement, air quality benefits, land use management, or energy resilience. Unique strengths and value-
added benefits of the approach should be highlighted with respect to hydrogen projects developed in the near
term. Capabilities to engage external stakeholders in the decision-making process directly should be
integrated into the framework. Options for ongoing institutional management and accessibility of the
assessment framework for use by the general public should be discussed.

Phase | deliverables will include full conceptional development of the assessment framework and encourages
preliminary scoping of 1-3 case studies. This initial framework will draw upon appropriate data sources and
will be integrated with existing relevant tools and frameworks, as discussed above. Phase Il would include full
development of the framework, extensive stakeholder engagement and review, followed by rollout of the
framework and additional case studies and best practices.

Questions — Contact: Marc Melaina, Marc.Melaina@ee.doe.gov

g. Liquid Hydrogen Fueling and Delivery Components

Advancement of hydrogen and fuel cell technologies for off-road transportation applications, such as rail and
mining as well as in on-road medium- and heavy-duty vehicles, requires a reduction in the cost of hydrogen
fuel. While hydrogen fueling stations for light-duty vehicles typically dispense the fuel as a pressurized gas,
stations that can dispense hydrogen as a liquid may be viable in the medium- or heavy-duty and off-road
segments due to their potential to achieve lower cost [1], enable fast fills, and enable large amounts of
hydrogen storage onboard the vehicles [2].

This topic seeks to develop components and approaches that can be used to deliver liquefied hydrogen. These
include dispenser components (nozzles, hoses, breakaway valves, and flow meters), cryopumps or other
devices or methods for transfer, and other transfer components (vacuum jacketed lines, fittings, flanges, etc.).

Proposed components and approaches should target: (1) flow rates of at least 10 kg/min, with higher flow
rates encouraged [3], (2) cycle life in the thousands while accounting for materials compatibility effects of
thermal and pressure cycling [4], and (3) commercial viability based on cost and manufacturability (e.g., avoid
the use of specialized high-cost materials or manufacturing processes). Components should also be usable
with minimal to no personal protective equipment (PPE), mitigate hydrogen losses through leaks and boil off,
and mitigate the need for purging.

Phase | applications should focus on assessing proof of concept through component design, initial assessment
of component cost, and/or initial materials and prototype testing. Phase Il applications will be expected to

develop and test prototypes at scale and evaluate performance.

Questions — Contact: Mark Richards, Mark.Richards@ee.doe.gov
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h. Fuel Cell and Electrolyzer Manufacturing Quality Methods

This subtopic solicits applications for novel and innovative concepts that address challenges to maintaining
requisite quality standards and tolerances associated with high-volume manufacturing of membrane electrode
assembly (MEA) components and raw materials, MEAs, and full-cell assemblies for polymer electrolyte
membrane (PEM) heavy-duty fuel cells and water electrolyzers, as an enabler for moving the needle on
increasing fuel cell and electrolyzer manufacturing throughput and reducing costs.

Medium- and heavy-duty PEM fuel cell electric vehicles operating on hydrogen offer several advantages over
incumbent technologies, including higher efficiency, reduced emissions, higher torque, and no noise pollution.
Medium- and heavy-duty truck applications require a lifetime of up to one million miles, and therefore require
advancements to facilitate enhanced durability. PEM electrolyzers split water into hydrogen and oxygen
electrochemically using electricity that can be produced from diverse domestic resources. The large-scale
production of hydrogen from water by electrolysis is a key enabler of EERE’s H2@Scale vision of affordable
hydrogen production, distribution, storage, and use across multiple applications from fueling to industrial
uses. The current high system cost and general lack of domestic manufacturing facilities for both of these
technologies remain as critical challenges impeding widespread adoption. Part of these high costs comes from
the lack of rapid, highly accurate, and where applicable in-line and real-time quality methods, tools, and
diagnostics to facilitate scaling to higher-throughput manufacturing processes [1, 2].

HFTO seeks to assist the hydrogen community in establishing manufacturing capacities that enable near-term
production targets of 20,000 stacks/year for heavy-duty fuel cells and 1 GW/year for PEM water electrolyzers.
These targets are first steps toward the production volumes needed to meet ultimate cost targets for both
technologies. Part of this overall goal is to ensure that high-volume manufacturing methods for PEM raw
materials, components, MEAs and cells are supported by associated tools that enable high quality.

Phase | applications should provide details of the quality technology concept, the approach to validating
feasibility at a prototype scale using relevant materials, and evidence of how the concept will facilitate

increased manufacturing throughput and/or higher accuracy quality measurement.

Questions — Contact: Michael Ulsh, michael.ulsh@ee.doe.gov

i. Power Electronics Manufacturing Improvements for Heavy-Duty Fuel Cell Vehicle Applications

This subtopic solicits concepts that promote standardization and manufacturing of power electronics for
heavy-duty fuel cell applications. Heavy-duty proton exchange membrane (PEM) fuel cell electric vehicles
operating on hydrogen offer several advantages over incumbent technologies, including higher efficiency,
reduced emissions, higher torque, and no noise pollution. Heavy-duty truck applications require a lifetime of
up to one million miles, and therefore require fuel cells with innovative components with enhanced durability.
Significantly longer vehicle lifetimes and range requirements also mean that hydrogen fuel costs comprise a
greater proportion of vehicle lifecycle cost. As such, fuel cell efficiency, vehicle reliability, and upfront cost are
all key parameters for economic viability.

Presently, commercial (and pre-commercial) heavy-duty fuel cell system architectures tend toward designs
unique to each manufacturer, with few shared or standard components. It is reasonable to expect that each
vehicle integrator will optimize their system to maximize the value of a particular platform, but substantial
cost savings and reliability improvements will likely arise when standardized and interchangeable components
are incorporated into the design. Power electronics that convert, condition, and manage the electrical output
from the fuel cell stack to charge the onboard battery or provide power to the traction motor and balance of
system have been identified as a target area for standardization and improvement by industry experts
[H2PACE] [1]. These components broadly include DC/DC converters, DC/AC inverters, power conditioning, and
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high voltage bus(es). The benefits from standardization of power electronics modules include higher
manufacturing volumes (and associated cost reductions), part interchange, greater part availability, and
simplified system design.

Phase | of this effort is a modeling and design analysis to optimize and select the desired base modules for a
heavy-duty fuel cell vehicle power electronics system, with Phase Il building and testing a ‘bread board’
system comprised of the optimal base modules before final model validation. Base module design should
emphasize heavy-duty vehicle lifetime (25,000 hours), conversion efficiency, and ease of manufacturing. At a
minimum the effort must include DC/DC converter, power conditioning, and DC/AC inverter components.
Applicants are not required to include traction motor control components as part of the research effort but
are not restricted from including traction motor control or other balance of system control components in
their proposed design.

Questions — Contact: Will Gibbons, William.Gibbons@ee.doe.gov

j- Fuel Cell Bipolar Plate Protective Coating Manufacturing and Refurbishment Development

This subtopic solicits applications for novel and innovative concepts that address challenges of scaling the
manufacturing of high quality and durable protective coatings and treatments for metal bipolar plates for
medium- and heavy-duty fuel cells and of refurbishing used coated or treated metal bipolar plates at end of
life.

Bipolar plates play an important role in fuel cell performance through reactant distribution, water
management, and the collection of the electric current produced. Bipolar plates are projected to be the
second most expensive fuel cell stack component in scaled-up systems using state-of-the-art technology [1].
Metallic plates enable high power densities but are susceptible to corrosion. Corrosion can be mitigated
through a corrosion-resistant coating or treatment applied to a low-cost base metal (e.g., gold-coated stainless
steel). HFTO seeks to assist the hydrogen community in increasing manufacturing capacities so that near-term
production targets of 20,000 stacks/year for medium- and heavy-duty fuel cells are enabled. This target is the
first step toward the production volumes needed to meet ultimate system cost target of $80/kW (at 25,000-
hour durability). As such, the challenges that must be overcome when scaling these processes to higher
volumes are assuring high quality and uniformity of the coating while still maintaining the required electrical
conductivity and durability.

In addition, as fuel cell deployment expands, the number of end-of-life systems will be growing. Development
of methodologies to incorporate circularity concepts into the life cycle of cell components, including bipolar
plates, are of the utmost importance [2]. Methods to refurbish used bipolar plates, with coatings or
treatments that may be degraded or have lost integrity at end of life, are needed.

Phase | applications should provide details of the coating, treatment, or refurbishment technology concept,
the approach to validating feasibility of the concept at a prototype scale, testing of the fabricated or
refurbished plate to verify that relevant DOE fuel cell performance targets are met, and evidence of how the
concept will facilitate increased manufacturing throughput toward the near-term 20,000 stacks/year target.

Questions — Contact: Michael Ulsh, Michael.Ulsh@ee.doe.gov

k. Non-PFSA Membranes for Electrolyzers and Fuel Cells

Proton exchange membrane (PEM) technology is used extensively in water electrolyzer and fuel cell
applications. Interest in the use of clean hydrogen in decarbonization efforts and in reducing carbon emission
has grown significantly. Deployment of PEM electrolyzers that can operate efficiently under dynamic
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conditions, such as with variable renewable energy sources or grid load shifting applications, is growing
rapidly. At the same time, PEM fuel cells fueled by clean hydrogen are a leading candidate to power zero
emission vehicles, with several major heavy/medium duty vehicle manufacturers already developing
commercial vehicles powered by PEM fuel cells. PEM fuel cells are also of interest for stationary electric power
generation, including primary power, backup power, and combined heat and power.

Commercial PEM technology for both electrolyzers and fuel cells is typically based on perfluorosulfonic acid
ionomers (PFSA), but these ionomer materials are expensive, particularly at low production volumes. Recently,
there has been growing concern that the use of PFSA in electrolyzers and fuel cells may face increased
regulatory barriers due to detrimental environmental impacts. Therefore, non-PFSA PEMs, including those
based on hydrocarbon membranes, could represent a lower-cost, environmentally friendly alternative;
however, these membranes require improved performance and durability for electrolyzer and fuel cell
applications.

This topic solicits applications to develop novel non-PFSA ionomers and membranes suitable for application in
PEM electrolyzers and/or fuel cells. Novel PEMs developed through this subtopic should have properties and
characteristics required for application in PEM electrolyzers and/or fuel cells, including:
e High proton conductivity in a range of temperature and humidity conditions
e Good film forming properties enabling formation of thin (<25 um for fuel cells, <125 um for
electrolyzers) uniform membranes
e Low swelling and low solubility in liquid water
e Low creep under a range of stress, temperature, pressure, and humidity conditions
e Low permeability to gases including Hz, Oz, and N
e For fuel cell applications, meet DOE technical targets for membranes for transportation applications [1]
and have sufficient chemical and mechanical durability to pass the accelerated stress tests in the Fuel
Cell Tech Team Roadmap [2]
e For electrolyzer applications, capable of ~20 bar differential pressure operation and a gas crossover
rate of <2% H, in O3

PEM technology proposed for this subtopic should be based on proton-conducting non-perfluorinated
ionomers but may include reinforcements or other additives. Membrane samples should be tested at an
independent laboratory at the end of each phase. Phase | should include measurement of chemical and
physical properties to demonstrate feasibility of meeting the properties and characteristics included above,
while Phase Il addresses long term durability and development of manufacturing processes to meet the cost
targets.

Questions — Contact: Donna Ho, Donna.Ho@ee.doe.gov and McKenzie Hubert, mckenzie.hubert@ee.doe.gov

I. Electrolyzers for Impure Water Operation

This subtopic solicits applications that plan to develop low-temperature proton exchange membrane (PEM),
alkaline exchange membrane (AEM), or liquid alkaline (LA) electrolyzers that can operate on impure water.
Applicants may focus on materials development and/or cell/stack design developments to improve the
efficiency and/or durability of electrolyzers that operate with impure water. Impure water feedstocks can be a
range of sources including anything from tap water to seawater.

Impure water electrolyzers can enable direct coupling of electrolyzers with offshore wind and electrolyzer
operation in water stressed areas. Using impure water has a significant effect on the durability and efficiency
of traditional electrolyzers through fouling of the catalysts and membranes [1]. The effects of impure water
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use can be mitigated through the development of novel catalysts and membranes that are resistant to fouling
or through cell and/or stack designs that prevent fouling. Increasing the durability and efficiency of impure
water electrolyzers will enable commercial use in additional applications. Applicants should address how they
will achieve the relevant durability and efficiency targets by the end of a Phase Il project. Phase | work should
demonstrate promise for achieving these targets using an impure feedstock.

Electrolyzer Technology Performance Degradation Rate
PEM 20A/cm? @ 1.8V 4 mV/khr
AEM 20A/cm?@ 1.9V 4 mV/khr
LA 1.0A/cm? @ 1.9V 4 mV/khr

Phase | applications should provide details on the novel materials, components, cell, or stack designs proposed
and how they will enable impure water operation. Applicants should also discuss the potential for their
technology to reach the DOE 2026 $2/kg H. goal. Applicants may consult the NREL H2A Production Models in
discussions on the potential cost of their systems [2]. In Phase |, applicants should focus on demonstrating the
capabilities of their materials to operate in impure water. In Phase Il, applicants should work toward
demonstrating cell-level operation of their systems.

Questions — Contact: Anne Marie Esposito, Annemarie.Esposito@ee.doe.gov or David Peterson,
David.Peterson@ee.doe.gov

m. Alkaline Exchange Membranes for Water Electrolyzers

Alkaline exchange membrane (AEM) water electrolyzers have several advantages compared to other low
temperature electrolyzer hydrogen production technologies. The AEM electrolyzer design aims to combine the
advantages of both proton exchange membrane (PEM) and liquid alkaline (LA) electrolyzers: the alkaline
environment enables the use of non-precious metal catalysts and less expensive metal interconnects, and the
membrane enables differential pressure operation and operation at higher current densities than traditional
LA electrolyzers [1]. Due to the local alkalinity in the membrane, pure water can be fed to the electrolyzer
instead of liquid alkaline electrolyte to reduce balance of plant costs; although, current technology has better
performance and durability with a low concentration supporting electrolyte feed (e.g., ~0.3M KOH). A critical
limitation in the development of high-performance, long-lifetime AEMWEs is the fabrication of a stable
membrane that can endure long-term operation while maintaining high hydroxide ion conductivity, which is a
necessity for a durable water electrolyzer.

There are several reasons that the ion exchange polymer is currently the limiting factor in AEM electrolyzers.
First, no commercial materials today are sufficiently stable at any temperature under the conditions of
sustained electrolysis. Membranes which show good stability to liquid KOH may lack stability in pure water
and can be oxidized at high cell potentials. AEM materials are not as thermally or chemically stable as PEM
materials, leading to even higher degradation at temperatures above 60 °C, limiting achievable efficiency.
Mechanical stability is also a pressing issue with swelling from water uptake and edge failures causing rapid
performance decrease [2].

Novel membranes developed through this subtopic should have properties and characteristics required for
application in AEM electrolyzers including:

e Operation = 60 °C, preferably at least 80 °C

e Performance in a membrane electrode assembly (MEA) of >1 A/cm? @ 1.75V

e MEA degradation rate of <4 mV/1000 hours with testing for a minimum of 500 hours

e High OH conductivity and high iconic capacity over relevant temperature and electrolyte conditions
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e Low swelling and low solubility in liquid water
e Low creep under a range of stress, temperature, pressure, and humidity conditions
e Low permeability to gases including H; and O3

Phase | should include measurement of chemical and physical properties to demonstrate feasibility of meeting
the properties and characteristics included above, while Phase Il should address long term durability and
development of manufacturing processes with potential to meet DOE 2026 cost target of $2/kg Ha. Testing of
novel AEM membranes in an MEA in Phase | is strongly encouraged. Operation on feedstocks consisting of
both pure water and in the presence of a low concentration (<0.5 M) of supporting electrolyte are of interest.
Membrane stability testing should be conducted in line with established best practices [3].

Questions — Contact: James Vickers, James.Vickers@ee.doe.gov
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The Industrial Efficiency and Decarbonization office (IEDO) is part of a larger EERE/DOE effort to research,
develop, and demonstrate energy efficiency and GHG emissions reduction technologies to reach net zero
carbon emissions nationwide by 2050 [1]. The IEDO focuses on emerging industrial technologies, pilot-
demonstrations, and technology partnerships to drive U.S. industrial decarbonization, productivity, and
economic competitiveness. This topic reflects DOE’s support for activities that address decarbonization in
energy- and emissions-intensive industries, cross-sector industrial emissions technologies, as well as technical
assistance and partnerships.

All applications to this topic must:

e (learly indicate the subtopic and area of interest;

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions using appropriate metrics, key performance parameters, or properties -
- Justify all performance claims with theoretical predictions and/or relevant experimental data.

e Propose a tightly structured program which includes clearly defined, relevant materials and
manufacturing RD&D metrics (including energy savings where applicable). The program should include
guantitative technical milestones, timelines, and expected deliverables that demonstrate aggressive
but achievable progress towards meeting performance parameter targets.

e Provide evidence that the proposer has relevant materials and or manufacturing experience and
capability;

e Explain applications of project output and potential for future commercialization including projections
for cost and/or performance improvements that are tied to a clearly defined baseline.

The Phase | application should detail material, design and/or lab-scale systems that are scalable to a
subsequent Phase Il prototype development.

NOTE: IEDO is also considering funding applications in response to the following Joint Topics:
e JOINT TOPIC: DECARBONIZATION OF AGRICULTURE, BUILDINGS, TRANSPORT, INDUSTRY AND THEIR
COMMUNITIES
e JOINT AMMTO/HFTO/IEDO TOPIC: FUEL CELL AND ELECTROLYZER RECYCLING

Applications must be responsive to the following subtopics:

a. Sustainable Chemistry: Mitigation of Hazardous Chemicals in Manufacturing Processes

DOE’s Industrial Decarbonization Roadmap outlines pathways to decarbonize energy-intensive sectors [2]. As
the industrial sector transforms to reduce carbon emissions and incorporate circular economy principles,
there is an opportunity to incorporate equipment and modify processes to reduce adverse impacts of
industrial chemicals used in manufacturing on human health and the environment. Over 96% of the world’s
manufactured goods include chemicals in the manufacturing processes or as building blocks in products [3].
Though chemicals are critical to the production of manufactured products, some chemicals have inherent
hazardous properties that present a known or reasonably suspected risk to human health or the environment.

Within DOE’s Industrial Decarbonization Roadmap, decarbonization strategies include opportunities for new
processes that utilize the principles of sustainable chemistry including producing chemicals from feedstocks,
reagents, and solvents that are less hazardous and designing synthesis pathways to reduce the production of
chemical by-products and waste. In the report Sustainable Chemistry in Manufacturing Processes [4] industry
stakeholders identify barriers and opportunities for incorporating these practices into the manufacturing of
consumer and commercial products. The report highlights the need for scalable processes, favorable
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economics, and maximization of co-benefits to meet the goals of reducing energy and carbon emissions while
also mitigating hazardous chemicals and toxicity.

In conjunction with decarbonizing the industrial sector, IEDO seeks to reduce hazardous chemicals in
manufacturing processes by developing transformative processes that reduce or eliminate the use or
generation of hazardous chemicals. This subtopic is seeking technologies and safer alternatives for hazardous
chemicals used in manufacturing processes for the following needs:
e Reduce or eliminate hazardous by-products: Chemical processes that rely on harsh conditions including
highly acidic or basic environments or rely on-temporary modifications to block unwanted chemical
reactions release excess by-products including toxic gases and hazardous waste. R&D on novel
chemistries and processes to improve harsh conditions or streamline chemical steps yielding less
hazardous by-products are of interest.
e Reduce or eliminate use of hazardous solvents: Chemical solvents are widely used in manufacturing as
separation agents, oxidizers, cleaners, and degreasers. Solvent usage presents risks to the
environment, communities, and workers due to evaporation, risk of accidental release, and
management of waste. R&D to develop non-hazardous substitutes, reduce the magnitude of solvent

used, or eliminate the need for a solvent are of interest.

e Reduce or eliminate use of toxic plasticizers or polyfluoroalkyl substances (PFAS) in consumer
products: Substances including plasticizers and PFAS are commonly incorporated into manufactured
products to improve the performance of the product. R&D to develop products with less hazardous
materials while maintaining product performance standards are of interest.

Table 1. Requirements for technologies in for subtopic a

Objective/ Goal Metric Minimum Baseline
Performance

Reduce hazardous by- % reduction from <95% Applicant

products current typical reduction Defined
process

Reduce toxic solvent, Unit reagent/unit Applicant Applicant

plasticizers or product (mass or Defined Defined

polyfluoroalkyl volume)

substances (PFAS)

Applicants must articulate how the proposed technology will minimize adverse impacts on the environment

and human health and the role of the technology in industrial decarbonization.

Questions — Contact: Felicia Lucci, Felicia.Lucci@ee.doe.gov

b. Enhanced Waste Heat Recovery through Highly Efficient Heat Exchangers

The Industrial Decarbonization Roadmap published by DOE identifies waste heat as a significant industrial
decarbonization opportunity, given the vast amounts generated thermal processes. [2] Process heating
represents 7.2 Quads (23%) of the energy used in the industrial sector, with approximately 2.6 Quads lost as
waste heat [5]. This subtopic seeks novel solutions to recovering residual heat with minimal downgrade in
temperature or working pressure. This extracted waste heat can further be used as waste heat-to-power
technologies, used as useful thermal energy in other processes, or stored until needed [6].

This subtopic is seeking enabling technologies to improve waste heat recovery for the following technology

areas of interest (AOls):
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High Temperature Heat Exchangers for Thermal Storage

It has historically been challenging to recover waste heat from high-temperature (>400C) industrial processes
due to the complexities and custom designs of most large-scale manufacturing equipment. Most heat
exchangers face integration issues with real world systems that limit their optimal usage. This AOI seeks novel
designs for heat exchanger design and manufacture that will facilitate uptake of waste heat recovery systems
and enable systems integration with thermal storage technologies (without the need for capital and time-
intensive customization). Prior R&D investment by DOE has looked at thermal energy storage for industrial
waste heat recovery and waste heat to power (bottoming cycle combined heat and power). Applications
should clearly describe the target manufacturing systems as well as the envisioned end uses of recovered
heat. Applications specifically not of interest include materials discovery work without significant proposed
progress toward novel design, designs that capture low temperature waste heat only, or thermal energy
storage systems that rely on storing generated excess electric energy.

Non-metallic Heat Exchangers for Industrial Heat Pumps

This AOI seeks novel polymer or non-metal heat exchanger designs. Current state-of-the art air-to-refrigerant
heat exchangers typically use copper-tube, aluminum-fin construction, with internal enhancement in the
tubes and lances or louvers in the fins to promote heat transfer. However, non-metallic heat exchangers show
distinct advantages due to their light weight, manufacturing potential, wide range of geometric design
possibilities, corrosion resistance, and potential to be low cost. Prior R&D investment by DOE has looked at
high performance compact heat exchangers, including low charge heat exchanger designs and rotating
designs. Applications specifically not of interest include low-thermal conductivity polymer heat exchangers.

Thermoelectric/Heat Exchanger Systems

Currently thermoelectrics are employed only in niche markets where there is strong knowledge of their
unique properties and how they might be integrated. This area of interest seeks to broaden thermoelectric
(TE) technology deployment for waste heat recovery by seeking proof-of-concept systems involving
thermoelectrics (including thermoelectric to thermoelectric) integrated with heat exchangers. These
proposed technologies should have form-factors that fit in well within typical heat exchanger geometries.

Table 2. Requirements for Technologies in three areas of interest for subtopic b:

High Temperature HX for Thermal Storage
Requirements Targets
Waste Heat Collection Efficiency 80%
Physical size Can be integrated into existing manufacturing
systems
Cost >40% reduction compared to current state of
the art
Non-metallic Heat Exchangers for Industrial Heat Pumps
Requirements Targets
Performance, heat transfer rate (UA) > 500% compared to state-of-the-art designs
Physical size > 50% reduction compared to state-of-the-art
designs
Fan, blower, or pump parasitic energy | > 30% reduction compared to state-of-the-art
consumption designs
Required cleaning intervals, or Little to no increase as compared to state-of-
difficulty of cleaning, to maintain as- the-art designs
new performance
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Susceptibility to damage or corrosion Little to no increase as compared to state-of-
or performance degradation during the-art designs for relevant applications
manufacture, assembly,
transportation, installation, or use
Defrost requirements (for applications | Little to no increase as compared to state-of-
such as outdoor air-to-refrigerant heat | the-art designs

exchangers)
Heat Exchanger-Thermoelectric Integrated Systems
Requirements Targets
Physical size Can be integrated into existing manufacturing

systems

Questions — Contact: Emmeline Kao, emmeline.kao@ee.doe.gov

c. Other Industrial Decarbonization
In addition, this topic seeks other applications related to industrial decarbonization, especially in alignment
with the DOE priorities laid out in the Industrial Decarbonization Roadmap [2].

Questions — Contact: Emmeline Kao, emmeline.kao@ee.doe.gov
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EERE’s Advanced Materials and Manufacturing Technologies Office (AMMTO) supports research, development
and demonstrations of next-generation materials and manufacturing technologies needed to improve
Americans’ quality of life, increase U.S. industrial competitiveness and drive economy-wide decarbonization.
AMMTO supports the national plan to revitalize American manufacturing, secure critical supply chains, and
develop diverse innovation ecosystems leading to new manufacturing jobs and increased economic strength
of the nation. AMMTO provides planning, management, and direction necessary for a balanced program of
research, development, demonstration, and workforce development to support domestic manufacturing that
is critical to achieving a clean, decarbonized economy.

This Topic reflects DOE’s support for activities that develop Next Generation Materials and Manufacturing
Technologies, Secure and Sustainable Materials, Energy Technology and Manufacturing Workforce
Development.

All applications to this topic must:

e C(learly indicate the subtopic and area of interest;

e Explicitly and thoroughly differentiate the proposed innovation with respect to existing commercially
available products or solutions using appropriate metrics, key performance parameters, or properties -
- Justify all performance claims with theoretical predictions and/or relevant experimental data.

e Propose a tightly structured program which includes clearly defined, relevant materials and
manufacturing RD&D metrics (including energy savings where applicable). The program should include
guantitative technical milestones, timelines, and expected deliverables that demonstrate aggressive
but achievable progress towards meeting performance parameter targets;

e Provide evidence that the proposer has relevant materials and or manufacturing experience and
capability;

e Explain applications of project output and potential for future commercialization including projections
for cost and/or performance improvements that are tied to a clearly defined baseline;

The Phase | application should detail material, design and/or bench scale systems that are scalable to a
subsequent Phase Il prototype.

NOTE: In addition to the subtopics below, AMMTO is considering funding applications in response to the
following multi-office topics:
e JOINT TOPIC: DECARBONIZATION OF AGRICULTURE, BUILDINGS, TRANSPORT, INDUSTRY AND THEIR
COMMUNITIES
e JOINT AMMTO/HFTO/IEDO TOPIC: FUEL CELL AND ELECTROLYZER RECYCLING

Applications must be responsive to the following subtopics.

a. Power Electronics for Energy Efficient Electrification

This subtopic aims for higher-power, lower loss, and higher efficiency electronic devices and materials to
lower costs of interfacings electric vehicles, renewable energy, heat pumps and other technologies that
benefit from higher-voltage and higher-current.

In 2020, the DOE, National Renewable Energy Laboratory (NREL), with support from its Advanced Research on
Integrated Energy Systems (ARIES) facility, held a Power Electronic Grid Interface (PEGI) Workshop, focused on
the research challenges of operating power systems with ever-increasing levels of power-electronic-based
loads [1]. This was followed in 2022 by a Sandia National Laboratories Power Electronics & Energy Conversion
Workshop to identify research directions and priorities for the next generation of power electronics and
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energy conversion systems for the electric grid, transportation, and national security [2]. To support these
initiatives under this subtopic, AMMTO is seeking applications in the following two areas of interest:

1. Next Generation 1.2 kV Class GaN-on-GaN Vertical MOSFETs for Smart Grids
In this area of interest, applications are sought for a gallium nitride (GaN) metal oxide semiconductor
field effect transistor (MOSFET) device arranged in a Vertical Trench (aka UMOSFETSs), which is easier
and less costly to fabricate than the state-of-the-art a vertical fin field-effect transistor (FINFET). The
next step up in power for this type of device is 1.2 kV. Wide bandgap (WBG)-based power
electronics—especially Gallium Nitride (GaN) devices can meet smart Grid requirements for varying
power levels, millisecond response times, asynchronous phases, programmability, modularity, and
adaptability for industrial processes [3]. Industrial applications also require that the power electronics
be cost-effective, noiseless, reliable, compact, and have a high efficiency (99% or higher). GaN has a
higher switching frequency that the other WBG materials (e.g., SiC) leading to greater miniaturization/
reduced system volume/weight and thus higher power density. GaN devices also have low gate
capacitance and low Ron, which further increases their energy efficiency. Vertical device structures of
GaN on native substrates (hence, GaN-on-GaN) are the focus of this area of interest because they
facilitate an increase in the transistor breakdown strength of the transistor. Vertical devices also are
almost insensitive to surface trapping effects, since current flow takes place in the bulk semiconductor
[4]. Applications for UMOSFETSs also are sought because they have higher current density, lower
specific Ron, lower current collapse, and simpler fabrication [5] than the most widely adopted GaN
power device to date--the lateral high electron mobility transistor (HEMT). Furthermore, lattice
matched GaN on GaN devices have lower defect densities, OFF state leakage, and higher breakdown
voltage.

In summary this area of interest in Phase | seeks proof-of-concepts for a high power (= 1.2 kV) vertical
GaN-on-GaN UMOSFET with high switching frequencies and high current handling capabilities that

meets the targets in Table 1 below.

Table 1: Metrics for area of interest (1).

Suggested Targets for Proof of Concept
Parameter Target
Threshold Voltage >3.5V
Specific Ron < 1.0 mWxcm?
Breakdown voltage > 1300V
Current extraction >100 A
Baliga (unipolar) figure of >1.0 GW/cm?
merit
1.2 kV MOSFET cost (50% gross < $0.10/Amp)
margin assumed)

In addition, AMMTO is interested in this area because there are manufacturing ecosystem advantages
to using GaN substrates. Today’s four-inch diameter GaN substrates are costly and mostly sourced from
foreign suppliers. In Phase Il applications submitted under this area of interest must show how the Phase
| device design lays the groundwork for scaling up this technology to establish a U.S. domestic
manufacturing capability with a cost structure that would allow the commercialization and global
marketing of a competitively priced device. Scale up should be quantified according to manufacturing
metrics such as wafter size, throughput, or other parameters deemed to be important by proposers. In
Phase Il as part of showing a viable path towards domestically manufacturing this GaN device,
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applications must also show how other domestic power electronics manufacturing that uses GaN
substrates combined with this application at scale could provide enough domestic demand to justify a
high-volume domestic supply of GaN substrates.

2. Advanced Manufacturing and Materials for Beyond-Next Generation Diamond Power Electronics in
Grid Applications: Doping and Dielectrics
Diamond is one of the most promising ultrawide bandgap (UWBG) semiconductors proposed for future
high voltage (e.g. 1.7kV) grid applications of power electronics because it has the highest thermal
conductivity (> 2000 Wm™K1), high charge carrier mobilities (> 3000 cm?V-1s1), and high predicted
breakdown field strength (> 10 MV cm™) related to its very large (ultra-wide) bandgap [6].
Impediments to scaled up manufacturing of diamond devices are related to 1) local, selective area
impurity doping, 2) dopant activation/ionization, and 3) achieving low ON-state resistance, Ron.

For 1) better control of surface transfer doping (i.e., formation of a two-dimensional hole gas, or 2DHG,
near the interface) surface electron acceptor materials that induce surface transfer and enhance hole
carrier concentration have been used. This area of interest seeks applications that optimize the use of
such materials building on prototype diamond transistors that have been designed/modeled and
devices that have been fabricated/demonstrated in recent years, including a vertical (trench) 2DHG
metal oxide field effect transistor (MOSFET) with Al,Os serving as the gate oxide and passivation layer
[7]. For 2) further optimization is required for dielectric barriers on diamond. Dielectric materials on an
H-diamond surface can act as electron acceptors that induce transfer doping and form a 2DHG within
H-diamond. This area also seeks optimization of dielectric material choice by building on studies of
metal oxides (e.g., Al,0s, Y203, V20s) that have been reported as gate dielectric materials used in the
manufacturing of hydrogen-terminated diamond-based FET devices. Such studies must also address
how to overcome electron acceptor complications from by the field effect process induced by a gate
voltage applied across dielectric materials on H-diamond in an actual FET device [8]. For 3) achieving
high n-type (phosphorus) substitutional doping levels, could enable diamond power electronic devices
with low Ron for a wider range of applications.

In summary, this area of interest seeks applications that include experimental studies of the key issues
related to the design of vertical and novel device structures and their manufacturing processes.
Additional examples of interest include studies of:

e the hydrogen treatment duration (and other manufacturing parameters),

e factors that address some of the manufacturing challenges associated with lateral H-terminated
diamond 2DHG Metal Insulator Semiconductor Field Effect Transistors, (MISFETs), (e.g., gate length,
channel length, gate dielectric materials), and

e modeling or manufacturing other device architectures such as vertical MISFETs with 2DHG for the
channel region and bulk transport in the drift region/substrate.

Table 2: Metrics* for area of interest (2).

1.7 kV diamond vertical MISFETs with a duty cycle of 0.5°
Parameter Target
Specific Current Density in ON-state | 500 A/cm? (maximum junction temperature = 450 K)
Switched voltage 1200V
Switching frequency 100 kHz
Current extraction >250A
Power Loss Density 270 W/cm?

*Metrics should be demonstrated in real devices produced in realistic manufacturing environments.
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Questions — Contact: J. Nick Lalena, nick.lalena@ee.doe.gov

b. Chemistry-Level Electrode Quality Control (QC) for Battery Manufacturing

The objective of this subtopic is to advance US battery manufacturing by providing small businesses the
opportunity to develop quality control (QC) technologies as cost-effective battery manufacturing solutions.
These technologies will support DOE’s goals in advancing battery manufacturing, in alignment with the Energy
Storage Grand Challenge (ESGC) roadmap and Federal Consortium for Advanced Batteries (FCAB) National
Blueprint for Lithium Batteries. [1-2] QC is pivotal for increasing battery manufacturing capacity at volume.
Specifically, QC provides a way to ensure product specifications while maintaining manufacturing yield and can
increase understanding of battery behavior and performance for further development. [3]

It is important to control the quality of all processed materials/components at every stage in the battery
manufacturing line. Among them, fabricated electrodes with more consistent chemistries, which could be
achieved by novel QC, are particularly crucial to enhancing battery performance. At present, the community
must work with a limited capability to detect and measure the degree of chemistry heterogeneities — such as
processing-related chemical/structural heterogeneities and charge/discharge-related heterogeneities — in
active particles and electrodes. Electrode QC technologies are needed to measure these non-ideal variations
to enable control of the chemical distribution of active and inactive materials.

Integrating QC technologies with battery manufacturing processing and data analytics is complicated and still
underdeveloped. [4, 5] Currently, the battery manufacturing community currently relies on brute-force root
cause analysis or data analytics to correlate processing conditions with battery performance. There is a critical
need for operando investigation to analyze various battery behaviors, and it requires significant collaborative
efforts between metrologists and process engineers. [4] In addition, there is no single characterization tool to
probe different time and length scale; rather, multiple tools with unique spot sizes are combined to scan all
relevant ranges. The data collected at different scales and by different instruments are heterogeneous, multi-
scale, and voluminous. These factors cause QC tools to be difficult and expensive to for manufacturers to
utilize effectively. [6]

Instead, this subtopic seeks to integrate QC technologies with battery manufacturing processing and data
analytics to detect and mitigate battery heterogeneities. Examples of interest include inconsistent
sedimentation and/or agglomeration of (coated) particles, Li homogeneity, transition-metal ion distribution,
binder migration/diffusion, chemical impurities within the electrode, Si dispersion in Si anode, etc. Small
businesses can be agile in developing and delivering such technologies.

Applications must address both of the following aspects to be considered responsive to this subtopic:

e Fast, yet precise, electrode QC technologies: The desired electrode QC should: 1) be fast; 2) be flexible
for direct integration into process equipment (i.e., operando metrology); and 3) provide statistically
significant chemical information throughout the depth of battery electrodes.

e Computational framework for real-time information integration to inform manufacturing control: The
desired computational framework will be able to integrate information from a collection of
measurements by QC tools to inform understanding material behaviors and battery performance
based on quantitative chemistry heterogeneity-processing-performance relationships. As a result, the
detection limits of any characterization will not be a hindrance, the ability to extract information from
the proposed QC technologies will be maximized, and the speed of manufacturing technology
development will be increased.
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Measurement tools of interest include: 1) sensor technologies for high-precision measurement (e.g.,
thickness, temperature, etc.) and 2) characterization tools for morphology, chemical bonding, and elemental
information. [4] Applications specifically not of interest include technologies that are incompatible with
current battery manufacturing processes and QC that is not applicable to multiple chemistries.

The results from this Phase 1 funding opportunity will produce state-of-the-art capabilities in electrode QC as
a value-added benefit to existing approaches that are commonly used in battery manufacturing.

Characteristic of QC system
Scanning speed
Sensing/detecting capabilities

Target Metric
Applicant defined (e.g., scan rate/second)
Elemental composition analysis,
nano/microstructural characterization,
chemical evolution, and so on, combined
with surface analysis and/or depth profiling
Ex-situ or In-situ QC technologies are
acceptable; operando measurement is ideal
(integration into process)
Capable of 1) real time feedback; and 2)
elucidating process-performance
relationships
Applicant defined (e.g., cost, battery
manufacturing energy consumption, material
use, etc.)

Integration with system

Speed of computational framework

Techno-Economic metrics

Questions — Contact: Changwon Suh, changwon.suh@ee.doe.gov

c. Other Subtopic for Advanced Materials and Manufacturing Technologies

In addition to the specific subtopics listed above, AMMTO invites grant applications in other areas relevant to
this Topic that enable Next Generation Materials and Manufacturing Processes as well as Secure and
Sustainable Materials. For example, notional metrics for next generation materials and manufacturing
technologies as well as for secure and sustainable materials are in the table below:

Example Metrics for Subtopic ¢

Parameter Target* Stretch
Target

For Structural Materials mechanical properties such as yield | >20% >35%

strength, stiffness, ductility, improvement | improvement

For Functional Materials their electric, electronic, magnetic, | >7% >15%

and/or optical Properties (e.g., conductivity) [1] improvement | improvement

For Advanced manufacturing technologies such as one of >20% >35%

the seven types of additive manufacturing, manufacturing improvement | improvement

parameters such as throughput, precision

For sustainable materials, lifecycle cost and emissions >20% >35%

reductions improvement | reductions

For secure materials, RDD&D leading to the U.S. producing >15% >30%

more than this share of global materials.

*Over well-defined baseline for that material or manufacturing process
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Questions — Contact: Tina Kaarsberg, tina.kaarsberg@ee.doe.gov
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C56-21. GEOTHERMAL TECHNOLOGIES

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Geothermal energy is secure, reliable, flexible, and constant. It continues to be one of America’s best choices
for low-cost renewable energy in power generation and in direct-use 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 U.S. [1]. Specifically, GTO is focused on significantly
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increasing geothermal electricity generation and the use of geothermal heat pumps and district heating by
2050 [2].

A Phase | application should focus on proof of concept and/or bench scale testing that are scalable to a
subsequent Phase Il prototype development/deployment. Applications must be responsive to the subtopic
below. Any application outside of this area will not be considered.

Applications must:

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

e 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);

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

e Include a preliminary cost analysis;

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

Grant applications are sought in the following subtopic:

a. Long-Term Geothermal Reservoir Monitoring Strategies
GTO seeks applications that develop a single or multiple, integrated long-term reservoir monitoring
tools/technologies coupled with data analysis techniques/modeling associated with monitoring an actively
producing geothermal reservoir. Technologies should either (a) measure field parameters that have not been
measured via current commercial technologies and/or (b) improve the accuracy, field-worthiness, and/or
economic viability of such measurements. The technologies will need to address current technological gaps
and uncertainties for long term deployment and/or permanent placement to acquire high quality data, will
need to be cost-effective, and integrated into a long-term deployment system. Potential monitoring
technologies include but are not limited to:

e Acquisition of real-time geochemical, geophysical, or biological data sets;

e Quantification of uncertainty of spatial and temporal movement of fluid in the reservoir;

e Definition of the lateral extent and boundaries of the reservoir;

e Tracking of other physical property changes (e.g., stress/strain) in the reservoir; and/or

e Demonstration of the long-term stability of the reservoir.

Applications must propose monitoring tools or technologies coupled with data analysis techniques or
modeling. Applications proposing only monitoring tools/technologies or only data analysis/modeling will be

deemed non-responsive.

Questions — Contact: William Vandermeer, william.vandermeer@ee.doe.gov
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PROGRAM AREA OVERVIEW: OFFICE OF ENVIRONMENTAL MANAGEMENT

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. The DOE's Office of Environmental Management (EM) seeks to eliminate these threats to human
health and the environment, as well as to prevent pollution from on-going activities. The goals for waste
management and environmental remediation include meeting regulatory compliance agreements, reducing
the cost and risk associated with waste treatment and disposal, and expediently deploying technologies to
accomplish these activities. While radioactive contaminants 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 stored in bins. The current DOE estimated cost for
retrieval, treatment and disposal of this waste exceeds S50 billion to be spent over several decades. The highly
radioactive portion of this waste, located at the Office of River Protection (Hanford Reservation), Idaho, 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 cleanup
in the world. This includes the remediation of 40 million cubic meters of contaminated soil and debris
contaminated with radionuclides, metals, and organics [1]. Remediation of contaminated soil and
groundwater has been ongoing at United States Department of Energy (DOE) Office of Environmental
Management (EM) sites for over four decades, yet site closure remains elusive at many of DOE’s complex
groundwater sites, especially those complicated by challenging geologic, hydrologic, and chemical factors.
DOE-EM is working to develop a consistent, complex-wide groundwater strategy. This strategy is being
developed with two ultimate goals: (1) to provide actionable recommendations to shrink the remaining
cleanup footprint over the coming decade, and (2) to identify overarching metrics that can be used to expedite
and track cleanup progress.

For additional information regarding the Office of Environmental Management priorities, please visit us on the
web at https://www.energy.gov/em/annual-priorities-strategic-vision-and-program-plan.

C56-22. IN-SITU CHARACTERIZATION METHODS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Reducing human effort and involvement in collection of analytical data has potential to greatly reduce the cost
associated with treatment of residual waste streams, treatment of S&GW plumes, and long term monitoring
at DOE sites.

a. Remote Characterization of HLW Tank Waste, Effluents from HLW Treatment, and Other Miscellaneous
Slurry, Solid and Liquid Waste During Retrieval, Pretreatment, and Immobilization Processes

Sensors are needed for a variety of process streams with challenges that include high turbidity, chemical

complexity, corrosive environments, and high radiation exposure.

e Measurements of interest:
o Chemical Composition
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= Anions (Acetate, Carbonate, Chloride, fluoride, formate, glycolate, nitrate, nitrite,
oxalate, phosphate, sulfate)
= Metals (Al, B, Bi, Ca, Cr, Fe, K, Li, Mg, Mn, Na, Ni, S, Si, Ti, U, Zn, Zr)
=  RCRA metals (esp. Hg)
= QOrganics (TOC, sugar, acetonitrile)
o Physical Properties
] pH
= Density
= Solid content (Total, Dissolved, Undissolved)
= Rheologic Properties
e Bingham plastic yield stress and consistency for slurries
e Viscosity for supernatant streams
= Particle size
o Radionuclide Composition in high and low level waste streams
=  Gamma spectroscopy (Cs-137, Sr-90, all isotopes of Am, Cm, Np, Pu and U)
= Beta emitters (I-129, Tc-99)

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

b. Development of New Technologies to Advance Autonomous Monitoring of Soil and Groundwater
Contamination at Sites Undergoing Both Active and Passive Remediation

Sensors are needed for a variety of systems with challenges that include remote siting, long-distances

between sensor and monitoring stations, outdoor sites, and low concentrations for contaminants of interest.

e Measurements of interest:
o Geophysical
o Geochemical
o Water-quality data
] pH
= Conductivity

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

c. Deep Aquifer Characterization

Develop cost effective methods for accessing/characterizing contamination in deeper aquifers (with
contamination in overlying aquifers likely).

e Measurements of interest:
o Geophysical
o Geochemical
o Water-quality data
] pH
= Conductivity

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

d. Analytical Logistics
e Development of spool pieces or easily integrated sensor platforms


mailto:Latrincy.Bates@em.doe.gov
mailto:Latrincy.Bates@em.doe.gov
mailto:Latrincy.Bates@em.doe.gov

Back to Table of Contents

e Fusion of sensor technology (e.g., optical and flow) to gain more comprehensive system
characterization (e.g. mass balance or tracking of species of concern in aquifers)

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

e.

Other

In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov
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C56-23. IMPROVED TREATMENT METHODS FOR LLW AND HLW

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Improved treatment methods for HLW and LLW could decrease the cost and schedule for immobilization of
HLW tank waste and miscellaneous LLW streams. Examples of potential areas for study are:

a. Waste Retrieval

Advances methods for waste retrieval, particularly dry retrieval methods, offer the potential to decrease the
risk of leaks during retrieval of tanks with known leak sites as well as to decrease the cost and schedule of the
treatment of wastes stored in underground tanks including the HLW stored at Hanford and SRS. These
methods could also be used for miscellaneous waste storage tanks.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

b. Separation of Contaminants from Waste Streams
Separation of radionuclides or other contaminants of concern from selected waste streams (particularly HLW
supernatant waste) can allow the bulk of the waste stream to be disposed at a lower classification level
resulting in cost savings or allow for a less expensive immobilization technique to be used. Separation
processes of interest include:

e Filtration to remove TRU solids

e Remove of soluble analytes (Cs-137, Sr-90, Tc-99, I-129, soluble TRU)

e RCRA metals

e Nitrate

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

c. Waste Immobilization
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Advanced techniques that improve the cost effectiveness and performance of waste immobilization processes
could allow cost and schedule savings for treatment of a variety of waste streams. Examples are:

e Expanding the use of thermoset epoxy for waste immobilization: Thermoset epoxy resins present a
route for improved waste immobilization due to their handling of water, high strength and unique
compositions. Providing expanded datasets on their performance as waste forms could open a new
avenue for innovative and cost-effective waste immobilization.

e Improved phosphate bonded-ceramics for waste forms: Magnesium-phosphate bonded ceramics
have been considered as promising waste forms however have been limited in application due to
their rapid setting and heat generation. Alternates to these phosphate bonded ceramics (e.g.; Al-
bonded ceramics) have been developed recently and alleviate these challenges. Demonstrating
these materials as waste forms could finally realize the potential held by this material class over the
last 20 years.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

d.

Other

In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov
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C56-24. IMPROVEMENTS FOR DECONTAMINATION OF EQUIPMENT/STRUCTURES

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: NO
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Disposal of contaminated equipment and dismantling of contaminated structures is a significant portion of the
EM mission as sites eliminate facilities no longer needed or past their service life. Improvements in
performing these processes would increase worker safety, reduce the environmental risk from these
processes and enable cost and schedule savings. Areas of interest include:

a. Characterization

Focuses on identifying the nature, magnitude, and location of the contamination (nuclides, chemical
constituents) in the facility. General mapping of dose rates and airborne contamination (rad and nonrad)
supports conduct of hazard analysis and risk assessment. Characterization data and documents accumulated
during deactivation, if applicable, serves as a starting point. The characterization data provides considerations
in defining, organizing, and planning the technical components of decommissioning projects.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

b. Decontamination Methods

Decontamination processes reduce, remove, or neutralize radiological, chemical, or biological contamination
and reduce the risk of exposure. Decontamination may be accomplished by cleaning or treating surfaces to
reduce or remove the contamination; filtering contaminated air or water; subjecting contamination to
evaporation and precipitation; or covering the contamination to shield or absorb the radiation. The use of
natural decontamination process can also simply allow adequate time for natural radioactive decay to
decrease the radioactivity.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

c. Fixatives

Fixatives can be used for Decommissioning and Maintenance of Radiological Facilities. Fixatives can deliver a
process for reducing airborne radiological and/or chemical contamination and affixing loose contamination in
place, thereby reducing contamination risk to employees and decreasing D&D cost and schedule. The
developed process provides a reliable, unmanned method of introducing a coating that captures and fixes
contamination in place within facilities.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov

d. Other
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In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Latrincy Bates, Latrincy.Bates@em.doe.gov
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PROGRAM OFFICE OVERVIEW — OFFICE OF FOSSIL ENERGY AND CARBON MANAGEMENT

The Office of Fossil Energy and Carbon Management (FECM) conducts research, development, demonstration,
and deployment of technology to reduce carbon emissions and other environmental impacts of fossil fuel
production and use, particularly the hardest-to-decarbonize applications in the electricity and industrial
sectors. Furthermore, the program advances technologies that convert and durably store CO; into value-
added products and technologies on carbon dioxide (CO;) removal (CDR) to remove atmospheric and legacy
emissions of CO..

To meet these challenges, FECM focuses on technology priority areas of point-source carbon capture, carbon
transport and storage, carbon dioxide conversion, hydrogen with carbon management, methane emissions
reduction, critical minerals (CM) production, and CDR. FECM recognizes that global decarbonization is
essential to meeting climate goals—100% carbon pollution free electricity by 2035 and net-zero greenhouse
gas (GHG) emissions economy-wide by 2050—and works to engage with international colleagues to leverage
expertise in these areas. FECM is also committed to improving the conditions of communities impacted by the
legacy of fossil fuel use and to supporting a healthy economic transition that accelerates the growth of good-
paying jobs.

For additional information regarding the Office of Fossil Energy and Carbon Management priorities, visit
Office of Fossil Energy and Carbon Management | Department of Energy

C56-25. CARBON CAPTURE, CONVERSION, AND STORAGE

Maximum Phase | Award Amount: $250,000 Maximum Phase Il Award Amount: $1,600,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

To achieve net-zero carbon emissions economy-wide by 2050, technology development must address issues in
the secure and cost-effective capture, conversion, transport, storage, and utilization of carbon dioxide. This
topic brings together development needs identified in four programs in FECM’s Office of Carbon Management
Technologies: Carbon Transport and Storage (FE-222), CO, Removal and Conversion (FE-223), Integrated
Carbon Management (FE-224), and Point Source Carbon Capture (FE-225). Subtopics include onsite carbon
dioxide conversion to useful products from both point sources and direct air capture, use of CO; in treatment
of produced waters with valuable products, and sensors for above-zone monitoring intervals and subsurface
monitoring of storage sites.

For this topic, the National Energy Technology Laboratory is not eligible to act as a subawardee.
Grant applications are sought in the following subtopics:

a. Novel Reactive Capture Approaches that Convert Industrially Produced CO; to Useful Products On-Site
Among the objectives of the Point Source Capture Program is to support the deep decarbonization of the
industrial sector. Facilities of interest for decarbonation are cement and lime plants, iron and steel
manufacturing plants, hydrogen production plants, ethanol plants, and chemicals and petrochemicals plants.
The conventional capture approach is to first separate/capture carbon dioxide (CO3) from process emissions or
pre/post-combustion flue gases and then, as applicable, to regenerate the capture medium and to compress,
transport, and store or otherwise utilize the purified CO; in other applications. The act of capturing CO; in this
method is often accompanied downstream by energy intensive and costly support infrastructure and
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processes to capture, purify, compress, transport and/or store the captured CO,, and to regenerate the
capture medium. It may therefore be highly advantageous in terms of energy efficiencies and costs to employ
a “reactive capture” approach to carbon capture. 1 In the reactive capture approach, the act of capturing CO,
and converting it into a higher value product is integrated into one continuous process onsite — thus
eliminating the potential need to separately regenerate the capture medium and the need to purify,
compress, transport, or store the captured CO,. Removing the need for regeneration and compression steps
from the carbon capture process could eliminate up to 90% of the energy loss associated with employing a
typical amine capture process. 2 It is also possible that the integrated process could significantly reduce capital
expenditures as well as provide distributed economic and employment opportunities.

Grant applications are desired for reactive capture approaches that integrate the CO, separation from diluted
gas streams and the conversion of CO; to valuable product(s). The reactive capture process must achieve over
95% carbon capture rates and demonstrate significant progress towards a 30% reduction in the cost and 30%
improvement in energy efficiency of carbon capture versus a reference conventional capture process where
the acts of capture and conversion are separate. This topic area supports Infrastructure Investment and Jobs
Act (IlJA) Title lll: Fuels and Technology Infrastructure Investments; Subtitle A: Carbon Capture, Utilization,
Storage and Infrastructure; and Carbon Utilization Program.

Applicants shall focus their applications on:

e Lab-scale R&D of the combined reactive capture process to prove initial feasibility of the concept,

e |dentifying the end-use application for the product,

e Describing the conversion process material and energy flows in sufficient detail to allow for an
evaluation of the proposed concept,

e Outlining a preliminary life cycle analysis (LCA), and

e QOutlining a preliminary techno-economic analysis (TEA), characterizing the market value of the product
relative to the current state of the art.

Questions — Contact: Andrew O’Palko, andrew.opalko@netl.doe.gov

b. Combined Direct Air Capture and Conversion of Carbon Dioxide to Chemical Products

The end-use of carbon-based chemical products results in widespread carbon dioxide (CO;) emissions to the
atmosphere, which are challenging to limit in comparison to point sources such as power plants. For this
reason, the most effective approach to limiting the carbon footprint of the chemical industry sector is to
develop carbon-neutral or carbon-negative methods of producing commodity chemicals. The feedstocks for
these production processes and the energy provided must be considered in the overall carbon neutrality of
the process. Grant applications are sought for the development of advancements in processes that combine a
direct air capture (DAC) system with conversion to green commodity chemicals. The application must justify
the end-products of the process by ensuring a sufficiently large and sustainable market to have a significant
impact on carbon emissions. One-pot capture and conversion processes are of particular interest. Applications
that combine existing DAC processes and chemical production methods with no novel advancement in
technology will be considered non-responsive. Proposed methods should be subject to a preliminary life cycle
analysis that demonstrates net neutral or negative carbon emissions accounting for all feedstocks and energy
use, as well as a preliminary techno-economic analysis that shows cost-competitiveness with similar
processes.

This topic area supports Infrastructure Investment and Jobs Act (IlJA) Title lll: Fuels and Technology
Infrastructure Investments; Subtitle A: Carbon Capture, Utilization, Storage, and Infrastructure; Carbon
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Utilization Program; and Four Regional DAC Hubs. Technologies developed from this grant may be
implemented in future DAC hubs that use CO, removed from the atmosphere for sustainable product markets.

Questions — Contact: Sai Gollakota sai.gollakota@netl.doe.gov

¢. Mineralization of Produced Water Cations Using Anthropogenic CO,

The Delaware and Midland Basins yield approximately four billion barrels of produced water annually, which
represent only 16% of the total U.S. volume of produced water. The sodium concentration in the produced
water of these basins is approximately 43,000 mg/|, which suggests up to 26 megatonnes of sodium could be
available for mineralization with over 50 megatonnes of CO, annually. In addition to sodium, produced waters
contain significant concentrations of magnesium, calcium, and other cations. These produced waters are
typically reinjected for enhanced oil recovery (EOR) or disposal, while smaller amounts are disposed offsite,
discharged to the surface, or evaporated (only a few percent are beneficially reused). If treated sufficiently,
this water could have significant co-benefits for irrigation, municipal demands, mining, livestock, power, and
manufacturing; thereby decreasing surface and groundwater demands.

Grant applications are sought for the research and development of technologies that utilize anthropogenic
CO, to economically mineralize cations in produced water from any U.S. source. Proposed technologies should
be capable of yielding products with a market value (including economic incentives such as 45Q) sufficient to
offset conversion costs. Target products could include but are not limited to, building materials, clean fill,
synthetic aggregates, soil amendments, and supplementary cementitious materials. Conversion approaches
must be designed to utilize anthropogenic sources of CO; (including point source emissions and direct air
capture), and a synthetic representative gas flow for the CO, source should be described. Proposed
technologies should, to the greatest extent practicable, utilize commercial off-the-shelf technology, and
should require no more than one scientific or technical breakthrough prior to commercialization. A specific
end-use application must be identified for the mineralization product, and technical properties (performance)
required for the end-use application must be quantified to an extent that would be expected by consumers of
that product. Applicants should describe any water pre-treatment or post-treatment requirements, identify
how the water effluent would be utilized or disposed, and describe a test campaign to determine whether the
water effluent meets the specifications required for utilization or disposal.

Applications should focus on:

e Describing the conversion process mass and energy flows, material inputs and outputs, chemistry, CO,
source, and process conditions in sufficient detail to allow for evaluation of the concept

e Outlining a preliminary life cycle analysis (LCA) on carbon emissions, including comparison to an
incumbent (business as usual) product

e |dentifying a specific end-use application for the mineralization product, including a preliminary
techno-economic analysis (TEA) characterizing the required selling price of the product relative to the
current state of the art

e Describing a test campaign that will determine whether the technology is ready to scale or requires
additional research and development at the lab scale

e Describing a test campaign to determine whether the mineralization product and water meet the
technical specifications (performance) required for their end-use applications

e Technologies that, to the greatest extent practicable, utilize commercial off the shelf technology and
require no more than one scientific or technical breakthrough prior to commercialization

e Technologies that have achieved TRL 3

Questions — Contact: Isaac (Andy) Aurelio isaac.aurelio@netl.doe.gov
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d. Development of Novel Sensors or System Components for Subsurface Electromagnetic (EM) Monitoring
Applications
The Carbon Transport & Storage Program is focused on developing novel sensors that can accurately and
affordably monitor carbon dioxide (CO,) injected into the subsurface during a commercial-scale carbon
capture and storage (CCS) operation (>1 million metric tons per year). Accurate monitoring at a carbon storage
site is necessary to track the movement of CO; and assure permanence for geologic storage. Seismic and
electrical geophysical methods are key methods for monitoring plume movement far from the injection wells.
Electromagnetic (EM) techniques are of particular interest because they have the potential to provide a more
precise measure of CO; saturation than seismic techniques. However, the spatial resolution of measurements
using currently available EM systems is much lower than that of seismic systems. EM monitoring systems
include frequency-dependent transmitters and receivers, which measure the elective and induced magnetic
fields in the subsurface. EM system configurations can include surface, borehole, or surface-to-borehole
configurations. It is not currently considered feasible to require that all wells in a storage project have non-
metallic casings. Therefore, the ability to produce high resolution EM data in deep reservoirs using EM system
configurations incorporating metallic well casing remains a significant research and development challenge.

Grant applications are sought for novel, reliable, rugged, high resolution, high precision EM sensors or system
components for monitoring the subsurface. The system should be capable of monitoring plume movement at
depths up to 15,000 feet for 20 years or more. System design should take into consideration the need for
critical component redundancy or replacement due to failure. Deployment and operation should minimally
interfere with other monitoring measurements and take into consideration the use of metallic casing versus
non-metallic casings.

Questions — Contact: James Gardiner james.gardiner@netl.doe.gov

e. "Turn-key" System for High Resolution, Long Term AZMI Pressure Monitoring

The Carbon Transport & Storage Program is focused on developing novel technologies that can accurately and
affordably monitor carbon dioxide (CO3) injected into the subsurface during a commercial-scale carbon
capture and storage (CCS) operation (>1 million metric tons per year). Accurate monitoring at a carbon storage
site is necessary to track the movement of CO; and assure permanence for geologic storage. Work to date
shows that monitoring fluid pressures in permeable rock layers above the main reservoir caprock or seal layer
can be effective for detecting significant leakage through the caprock or seal layer. Such monitoring has
sometimes been referred to as “Above Zone Monitoring Interval (AZMI) pressure monitoring” and can provide
detection of unintended fluid flow long before underground sources of drinking water or the ground surface
are affected, providing an opportunity to mitigate the problem before environmental impacts occur. The
method involves placement of fluid pressure sensors at strategic locations in a porous and permeable rock
formation above the reservoir seal, monitoring the fluid pressure changes over long periods of time (perhaps
30 to 80 years), and recording the data. It is highly desirable for the monitoring system to be co-deployable in
monitoring wells along with other monitoring systems for things such as fluid sampling, periodic wireline
logging, temperature monitoring, and geophysical (e.g., seismic or electromagnetic) measurements. Detection
of a small leak can require high resolution and precise pressure measurements. System robustness and/or
easy component replacement and calibration along with minimal sensor “drift” are highly desirable since
commercial geologic storage projects may require that these measurements be made continuously for
decades under the extremely harsh environmental conditions (high pressure, high temperature, high salinity)
found deep in the subsurface.

Grant applications are sought for a reliable, rugged, high resolution turnkey AZMI pressure monitoring system.
The system includes the sensors, components needed for deployment, power, data acquisition, data analysis,
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and reporting. “Turnkey” refers to full service in terms of site-specific system design, installation, initialization
and debugging, and, if desired by the storage site operator, monitoring services. The system should be
expandable in the future as more monitoring wells may become available. Data analysis needs to differentiate
leakage pressure signals from other pressure signals such as those caused by earth tides or geomechanical
effects of injection. The system should be capable of continuous operation at depths up to 15,000 feet for 20
years or more. System design should take into consideration the potential re-use of existing wells, in addition
to the need for critical component redundancy or replacement due to failure. Ideally, AZMI pressure
monitoring system wells can also serve other monitoring or measurement systems.

Questions — Contact: James Gardiner james.gardiner@netl.doe.gov

f. Other
In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Isaac (Andy) Aurelio isaac.aurelio@netl.doe.gov
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Hydrogen is a versatile fuel that can be produced using diverse clean domestic energy resources, including
wind, solar, and nuclear energy. Feedstocks include methane, biomass, coal, and carbonaceous waste (e.g.,
plastics, coal wastes, municipal solid waste) with carbon capture, or water with no capture needed. Hydrogen
can fuel electricity generation by combustion in a gas turbine or conversion in a fuel cell, with water as the
sole effluent. As the lightest gas, hydrogen has extremely high gravimetric energy density, making it an
efficient and lightweight energy carrier. However, hydrogen’s volumetric energy density at atmospheric
pressure is lower than that of natural gas or gasoline. Hydrogen is generally compressed or liquified for
transport and storage to increase its volumetric energy density.

These characteristics make hydrogen a strong option to decarbonize energy-intensive heavy industry and
support heavy-duty transportation. Hydrogen’s flexibility makes it an important component of President
Biden’s strategy to achieve a carbon-free grid by 2035 and net-zero emissions by 2050.

Hydrogen Technologies research explores a diverse set of technologies required to implement a transition to
clean hydrogen energy systems. These range from efficient hydrogen production with carbon capture if
needed, through secure hydrogen transport and storage, to hydrogen fueled electricity generation. This
solicitation’s subtopics include technologies needed for producing hydrogen cleanly from waste materials and
biomass and manufacturing advances to enable efficient use of hydrogen as fuel in gas turbines and new
approaches for transport and storage technology.

For this topic, the National Energy Technology Laboratory is not eligible to act as a subawardee.
Grant applications are sought in the following subtopics:
a. Smart Manufacture of Ceramic Matrix Composite (CMC) Substrates

CMC coatings are applied to surfaces operating at elevated temperatures, such as gas turbine or aero-engine
parts, as a form of exhaust heat management. CMCs allow for higher operating temperatures and extending
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hydrogen turbine part life by reducing excessive metallic oxidation and thermal fatigue. Ceramic matrix
composites reinforced with long fibers are commonly fabricated by infiltration. In this fabrication techniques
the ceramic matrix is formed from a fluid (gaseous or liquid) infiltrated into the fiber structure (either woven
or non-woven). In this regard, chemical vapor deposition (CVD) is well suited for this purpose but is known to
be time-consuming. In the presence of a fiber preform, CVD takes place in between the fibers and their
individual filaments and therefore is called chemical vapor infiltration (CVI). One example is the manufacture
of C/C composites: a C-fiber preform is exposed to a mixture of argon and a hydrocarbon gas (methane,
propane, etc.) at a pressure of around or below 100 kPa and a temperature above 1000 °C. The gas
decomposes depositing carbon on and between the fibers. Such fabrication and manufacture of CMC
substrates for use in Hydrogen Turbine applications may be currently slow and labor intensive. DOE is
interested in reducing their manufacturing cost through smart manufacturing fabrication and robotic
automation. Applications are sought for research and development that develops improved, automated, and
innovative low-cost CMC manufacturing processes.

Questions — Contact: Andrew Downs, andrew.downs@netl.doe.gov

b. Advanced Thermal Barrier Coatings (TBC) and Environmental Barrier Coatings (EBC) for Ceramic Matrix
Composites (CMC)
Higher operating temperature materials are clearly tied to advancing hydrogen turbines technology. DOE is
interested in advancing the Hydrogen Turbine technology through increased operating temperatures and
efficiencies. Of particular interest is in advancing EBC and TBC to protect Ceramic Matrix Composites (CMC)
for use at elevated operating temperatures which would be applicable to Hydrogen Turbines operating on
100% hydrogen. These 2 -100 um thick coatings of environmentally isolating and thermally insulating
materials serve to protect CMCs from high water and hydrogen content gases and large and prolonged heat
loads and can sustain an appreciable environmental and temperature differences between the load-bearing
alloys and the coating surface. In doing so, these coatings can allow for higher operating temperatures while
limiting the environmental and thermal exposure of CMC'’s, extending hydrogen turbine part life by reducing
excessive oxidation and thermal fatigue. Due to increasing demand for more efficient engines running at
higher temperatures with better durability/lifetime and thinner coatings to reduce parasitic mass for
rotating/moving components, there is significant motivation to develop new and advanced EBC’s and TBCs
especially suitable for CMC’s. Applications are sought for research and development that develops improved,
innovative, and low-cost EBC’s and TBCs for CMC's.

Questions — Contact: Adam Payne adam.payne@netl.doe.gov

¢. Advanced Manufacturing Concepts for Hydrogen Transportation and Storage

Technical challenges associated with transporting and storing hydrogen include metal component degradation
and increased energy requirements for transportation and storage as compared to natural gas due to
hydrogen’s relative smaller molecule size. With only 1,600 miles of dedicated hydrogen pipelines and a
handful of long-term hydrogen storage locations in the United States, research is necessary to advance
technologies to provide a reliable, flexible, and robust hydrogen transportation and storage supply chain. One
such area of research that could assist in the development of novel materials and technologies includes
advanced manufacturing.

Advanced manufacturing typically refers to the use of 3D printing technology. Technical advances have shown
that hydrogen can be stored through physisorption onto the surfaces of metal hydrides and carbon
nanostructures which reduces the energy requirements for storage of gaseous hydrogen. In general, there are
seven categories of advanced manufacturing that are used to describe methods of 3D printing. Specifically,
metal hydrides have shown the ability to absorb and desorb hydrogen more efficiently than other liquid or
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solid phase storage techniques. Carbon nanostructures have demonstrated the ability to provide a cheaper
physisorption storage option by storing between 3.0-7.0 weight percent hydrogen depending on the carbon
structure at ambient temperatures. It appears to be possible that the use of advanced manufacturing could be
applied to hydrogen transportation and storage by developing improved components that will reduce
hydrogen embrittlement and increase storage potential.3

Grant applications are sought for technologies that will improve advanced manufacturing technologies for
transportation and storage of hydrogen in gaseous, liquid, or solid states. Components of interest that are
expected to have the potential to be improved by advanced manufacturing technologies include:
e Pipeline Materials
o These materials are expected to include metals, fittings, or any other components that are
affected by hydrogen embrittlement.
e Compressor or Gathering Station Components
o These components are expected to include all facets of compressor or engine designs such as
mechanical parts, O-rings, and gaskets.
e Storage Tanks
o These components are expected to include novel methods to reduce energy requirements for
storage (and removal) of hydrogen by incorporating the use of physisorption technologies.
e Wellbore or Injection Well Components
o These components are expected to improve reliability and operational integrity of wellbores
and injection wells that are used to assist in the storage of hydrogen in the subsurface. These
components would be required to withstand the differing chemical and physical interactions at
both the surface and subsurface.

Questions — Contact: Stephen Henry stephen.henry@netl.doe.gov

d. Feedstock Dechlorination Technologies of Mixed-Plastics and MSW for Downstream Gasifier Use to
Produce Clean Hydrogen
Applications are sought for the development of novel technologies for removal of chlorine from solid
feedstocks intended for gasification for production of clean decarbonized hydrogen. Since clean hydrogen
would likely require the use of pre-combustion carbon capture technology, it would be beneficial to develop
methods to reduce the chlorine loading of incoming solid fuel feedstocks when sourcing them from waste
streams. The desired fuel pre-treatment technologies would provide cost, efficiency, and/or performance
benefits over the alternate approaches of post-gasification capture of chlorine or chlorine species from syngas.
Likewise, the desired pre-treatment technology would also offer benefits over in situ capture of chlorine in the
gasifier.

Technology development to reduce chlorine loading in solid feedstocks intended for gasification input should
focus on mixed plastics containing a representative amount of high chlorine-content plastic types (e.g. PVC) as
is often found in residential and commercial waste. As DOE continues to develop clean hydrogen producing
technologies from MSW and other wastes, the proper handling of chlorine-containing fractions is essential.
Development of raw syngas dechlorination and other post-gasification, including in situ capture technologies,
are not of interest in this funding mechanism.

Questions — Contact: Evelyn Lopez evelyn.lopez@netl.doe.gov

e. Contaminant Filter for Clean Hydrogen Production and Separation from Coal Waste, Biomass, MSW and
Plastics
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Applications are sought for the development of a contaminant capture device that is integrated into a
hydrogen separation device for syngas produced by the gasification of mixtures containing two or more of the
following: (1) coal, (2) biomass, (3) waste plastics as a portion of MSW, and/or (4) industrial waste. The desired
catalyst product would address the removal of mercury (Hg), ammonia (NH3), selenium (Se), cadmium (Cd),
metal hydrides (e.g. AsH3, H2Se, SbH3...) particulates, arsenic (As), phosphorous (P), antimony (Sb), chlorine
(Cl) and/or other impurities from the syngas. The resulting product should have the potential of being
integrated into an existing syngas process, such as water gas shift. Improvements in such catalysts are
expected to reduce the cost of producing hydrogen from gasification of such mixtures. Development of sulfur
and mercury removal technologies is not of interest under this funding mechanism because of the
department’s prior investment in those technologies. Development of integrated water gas shift (WGS)
technologies are also not of interest for the same reason.

Questions — Contact: Sarah Michalik sarah.michalik@netl.doe.gov

f. Other
In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Adam Payne adam.payne@netl.doe.gov
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According to the International Energy Agency, methane is responsible for around 30% of the rise in global
temperatures since the Industrial Revolution, and rapid and sustained reductions in methane emissions are
key to limiting near-term global warming and improving air quality. The oil and natural gas industry is the
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largest source of methane emissions in the United States, responsible for about 30% of total emissions.
Approximately 211 million metric tonnes of methane are emitted across the oil and natural gas value chain,
which consists of more than two million miles of pipelines; more than two million actively producing,
abandoned, or repurposed oil and natural gas wells; and more than 100,000 unit operations consisting of
natural gas processing plants, compressor stations, and gathering stations.

FECM’s Methane Mitigation Technologies program aims to eliminate non-trivial methane emissions from the
oil and gas supply chain by 2030. The program is focused on developing accurate, cost-effective, and efficient
technology solutions and best practices to identify, measure, monitor, and eliminate methane emissions from
these sources. Methane mitigation research and development (R&D) efforts include advanced materials of
pipeline construction, monitoring sensors, data management systems, and more efficient and flexible
compressor stations. Research efforts for methane emissions quantification focus on developing technologies
to detect, locate, and measure emissions. This includes the development and validation of measurement
sensor technologies for the collection, dissemination, and analysis of emissions data, which will inform efforts
such as the Greenhouse Gas Inventory and orphan well remediation programs of the U.S. Environmental
Protection Agency (EPA) and Department of the Interior (DOI), respectively.

The Office is also working on creating innovative solutions to reduce associated gas flaring and venting,
including alternative uses for the “stranded” natural gas, through modular technologies designed to convert
the gas to higher-value solid and liquid products that can be transported efficiently. In addition, modular
conversion technologies designed to generate hydrogen as a clean, distributed energy carrier is also being
pursued.

For this topic, the National Energy Technology Laboratory is not eligible to act as a subawardee.
Grant applications are sought for the following subtopic:

a. Mitigation of Emissions of Methane and Other Gases Through the Monitoring and Maintaining
Combustion and Destruction Efficiency in Gas Flares
One of the objectives of the DOE Methane Mitigation Technologies Program includes a focus on the
measurement, estimation, and tracking of gaseous emissions (methane, hydrogen sulfide, volatile organic
compounds, and other gases) to support Administration goals for a “net-zero” carbon economy by 2050. The
gases noted above are released when natural gas associated with oil production is flared but the combustion
efficiency in the flare is not maintained. The decision to flare natural gas rather than monetize it may be
related to safety, economics, a lack of takeaway capacity, operational expediency, or a combination of all
three., Individual state regulations are meant to control the volume of associated gas flaring that is
permitted, while the U.S. Environmental Protection Agency (EPA) sets parameters for flaring system elements
that affect combustion to ensure proper operation.

However, flameouts, intermittent periods of non-safety related venting, and incomplete combustion in the
flare can still occur, as there no monitoring requirements to ensure flare stability and efficiency. This results in
undesired emissions such as non-combusted methane, carbon monoxide, and other gases such as sulfur
dioxide and nitrous oxides (SOx and NOx) being emitted to the atmosphere. Incomplete combustion in the
flare also means that chemicals that are intended to be destroyed may instead be released, such as polycyclic
aromatic hydrocarbons (PAH) like naphthalene and volatile organic compounds (VOCs) like formaldehyde.
Inefficient combustion in the flare can also produce a sooty flame resulting in solid particulate matter (black
carbon) settling out of the air and depositing on surrounding lands, which further impacts the environment.
Grant applications could be sought for technologies that will support:
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e Development of sensors, feedback systems, and algorithms related to maintaining a high flare
combustion efficiency over variable conditions and changing gas composition and flow rates,

e Development and integration of advanced supervisory control and data acquisition (SCADA)-
supported systems for continual monitoring and operation of flares,

e Simulation and additive manufacturing concepts to be developed related to burner design and
flame stability concepts,

e Development of supplemental utilization technologies that fully leverage the energy from the flare,

e Low-cost catalysts and catalytic systems suitable for flares

Questions — Contact: Stephen Henry stephen.henry@netl.doe.gov

b. Other
In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited.

Questions — Contact: Stephen Henry stephen.henry@netl.doe.gov
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Energy,
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outlook to 2023, Crude Oil Markets Strategic Report,
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3. U.S. Department of Energy, 2022, State-Level Natural Gas Flaring and Venting Regulations, U.S.
Department of Energy, Office of Fossil Energy and Carbon Management,
https://www.energy.gov/fecm/state-level-natural-gas-flaring-and-venting-regulations (November 1,
2022)

4. U.S. EPA Office of Air Quality Planning and Standards (OAQPS), 2012, Parameters for Properly Designed
and Operated Flares, Report for Flare Review Panel, April 2012,
https://www3.epa.gov/ttn/atw/flare/2012flaretechreport.pdf (November 1, 2022)

C56-28. ADVANCED REMEDIATION

Maximum Phase | Award Amount: $250,000 Maximum Phase Il Award Amount: $1,600,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Advanced Remediation Technologies Program develops technologies to be applied to the remediation and
prevention of environmental impacts from the recovery of fossil energy resources. The program conducts
research, development, demonstration, and deployment of technologies to address wellbore integrity,
induced seismicity, water use, produced water treatment, and offshore safety and spill prevention. Research
efforts lead to solutions that address the environmental impacts of oil and natural gas development.

The advanced remediation technologies program focuses on:
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e Produced Water treatment and reuse technologies and water management research and
development.

e Addressing Environmental Impacts of Unconventional Oil and Gas Resources

e Gas Hydrate R&D

For this topic, the National Energy Technology Laboratory is not eligible to act as a subawardee.
Grant applications are sought for the following subtopics:

a. Produced Water Management

Produced water is by far the largest volume byproduct stream associated with oil and gas exploration and
production. Approximately 21 billion bbl or 57.4 million bbl/day (barrels; 1 bbl = 42 U.S. gallons) of produced
water are generated each year in the United States onshore and offshore from the nearly 1 million wells in the
United States. The cost of efficiently and effectively managing such a large volume of water is a key
consideration to oil and gas producers and could be a beneficial source of water.
(https://doi.org/10.2172/1007397).

The physical and chemical properties of produced water vary considerably depending on the geographic
location of the field, the geological formation from which it comes, and the type of hydrocarbon product being
produced. Produced water properties and volume can even vary throughout the lifetime of a reservoir.

Two general water management themes have been followed by most U.S. operators. More than 98% of
produced water from onshore wells is injected underground. Approximately 59% is injected into producing
formations to maintain formation pressure and increase the output of production wells. Another ~40% of
produced water from onshore wells is injected into nonproducing formations for disposal. This has caused
other problems such as seismic events. The remaining 2% of onshore produced water volume is managed
through evaporation ponds, offsite commercial disposal, beneficial reuse, and other management methods.
More than 91% of offshore produced water, including the water from inshore platforms in Cook Inlet, Alaska,
is discharged to the ocean.

Currently onshore produced water treatment facilities and disposal sites take grab samples from tanks or
trucks at irregular intervals for lab diagnosis or simple IR type color analysis. Chemicals are adjusted based on
analysis hours if not days old. This creates slow and inaccurate response to changing operation conditions.

The major constituents of interest in produced water are:

e Salt content can be expressed as salinity, total dissolved solids, or electrical conductivity. The salt
content in produced water varies widely, from nearly freshwater to salt levels up to ten times higher
than seawater.

e Qil and grease though not an individual chemical but rather, the term "oil and grease" refers to a
common test method that measures many types of organic chemicals that collectively lend an "oily"
property to the water.

e Various inorganic and organic chemicals are found naturally in the formation, are transferred to the
water through long-term contact with the hydrocarbon, or are chemical additives used during drilling
and operation of the well. The presence of specific chemicals and the concentrations of those
chemicals vary widely among different produced water samples.

e Naturally occurring radioactive material (NORM) from some oil and gas formations. Low levels of the
radioactivity can be transferred into produced water. Generally, the radiation levels in produced water
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are very low and pose no risk. However, scale from pipes and sludge from tanks holding produced
water can concentrate NORM.

Grant applications are sought for digital twin type concepts that provide real time monitoring and control of
chemical feed and treatment of produced water systems. The intent would be to create an internet of things
to optimize produced water management operations integrating digital solutions with sensors. Concepts
should combine sensors with artificial intelligence (Al) and/or machine learning (ML) computing software to
monitor and, analyze water characteristics and predict optimal operating conditions of produced water system
treatment facilities.

1. Sensors: Physical to digital advanced real time sensors for water quality and composition that can
provide real time data on water quality and composition (salinity, TDS etc.)

2. Al and ML computing Software: Cognitive and high-performance computing that can analyze large
volumes of data in real time from sophisticated water chemistry sensors and accurately diagnose
issues and make recommendations to operator and/or an automated decision-making system, i.e.,
real-time, Al-assisted autonomous operation and maintenance monitoring and control.

Proposed concepts must describe their potential to promote the environmental sustainability of produced
water treatment by: reducing costs of water treatment, improving or enabling predictive maintenance for
treatment and disposal sites, reducing asset failure, maintaining optimal operating conditions, minimizing
chemical use, reducing energy use, reduce impacts to environment and ecology, and reduce risks of seismic
events or other adverse impacts to the environment or ecology, and/or increasing possible beneficial use of
produced water. Techniques optimizing waterflooding or EOR techniques are not part of this request.

Questions — Contact: Stephen Henry stephen.henry@netl.doe.gov

b. Other

In addition to the specific subtopics listed above, grant applications in other areas relevant to this topic are
invited. Applications regarding Environmental Impacts of Unconventional Qil and Gas Resources or Gas
Hydrates are not of interest for this subtopic.

Questions — Contact: Stephen Henry stephen.henry@netl.doe.gov

References:
1. Wenbin, J,, et al., 2021, Analysis and prediction of produced water quantity and quality in the Permian
Basin using machine learning techniques, Science of The Total Environment, Volume 801, 2021,
https://www.sciencedirect.com/science/article/abs/pii/S0048969721047689 (November 1, 2022)
2. Wang, D, etal., 2021, A machine learning framework to improve effluent quality control in wastewater
treatment plants, Science of The Total Environment, Volume 784, 2021,
https://www.sciencedirect.com/science/article/pii/S0048969721022087 (November 1, 2022)
Bernardelli, A., et al., 2020, Real-time model predictive control of a wastewater
4. treatment plant based on machine learning, Water Science and Technology, 81.11,
https://pubmed.ncbi.nlm.nih.gov/32784282/ (November 1, 2022)

5. Doorn, N., 2021, Artificial intelligence in the water domain: Opportunities for responsible use, Science of
the Total Environment, 755, 2021,
https://www.sciencedirect.com/science/article/pii/S0048969720360903 (November 1, 2022)
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PROGRAM AREA OVERVIEW: OFFICE OF FUSION ENERGY SCIENCES

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 accomplished through the study of plasma, the fourth state of matter, and how
it interacts with its surroundings. FES has four strategic goals:

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

e Support of enabling technologies in plasma heating, fueling, and operations and maintenance for
future fusion reactors, which enhances economic competitiveness, energy diversity, and climate
change resilience.

e 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;

¢ Increase the fundamental understanding of basic plasma science, including both burning plasma and
low temperature plasma science and engineering, to enhance economic competitiveness and to
create opportunities for a broader range of science-based applications.

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

To achieve its research goals, FES invests in flexible U.S. experimental facilities of various scales,
international partnerships leveraging U.S. expertise, large-scale numerical simulations based on
experimentally validated theoretical models, development of advanced fusion-relevant materials, and
invention of new measurement techniques.

FES also supports discovery plasma science, including research in laboratory plasma astrophysics,
low- temperature plasmas, small-scale magnetized plasma experimental platforms, and high-energy-
density laboratory plasmas.

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

The following topics are restricted to advanced technologies and materials for fusion energy systems,
fusion science, technology relevant to magnetically confined plasma, and high energy density laboratory

plasmas.

For additional information regarding the Office of Fusion Energy Sciences priorities, click here.
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C56-29. ENABLING TECHNOLOGIES IN PLASMA HEATING, FUELING, AND DISTRUPTION

MITIGATION
Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The Enabling Research and Development program supports R&D required to produce, support, and
maintain a burning plasma environment within a fusion reactor. Specifically, this program is looking to
support research that enables advanced plasma heating, vacuum pumping systems, fusion component
system design, and remote maintenance systems. The goal of this program is to support the future
fueling, operation, and maintenance of a fusion reactor.

a. Advanced Plasma Heating and Current Drive
Such techniques are open to any plasma heating and current drive technology, but should include at
least one of the following:
e Develop a novel physics design to enable stable operation in a higher order operating mode
e Design and implementation of a current drive technologies that improve energy recovery
e Use advanced Additive Manufacturing techniques using high-strength materials to reduce the cost and
fabrication time while increasing reliability and lifetime

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

b. Advanced Vacuum Pumping Systems

Fusion plants require specific technologies that account for the specific challenges of tritium operation.
Even the pumps in a tritium facility are specialized for use with tritium, to prevent exchange with
hydrogen into materials such as oils and polymers, which creates tritiated waste and increases
permeation losses. Areas of interest are on vacuum pumping system technologies specific to fusion
reactor operation.

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

c. Fusion Engineering Component Modeling or Tool Development
Fusion components such as the blanket, fuel cycle, or other fusion components require engineering
system analysis, modeling, and simulation to inform design and development but also as a way reduce
risk of future fusion reactors. This program is interested in the following research areas:

e Multiphysics modeling of fusion materials

e Fusion neutronic analysis

e Multiphysics modeling of fusion blanket systems

e Tritium process modeling of the fusion fuel cycle

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

d. Remote Maintenance

A fusion reactor will need efficient methods for periodic maintenance and inspection of neutron
irradiated components. The importance of Reliability, Availability, Maintainability and Inspectability
(RAMI) was recognized in the reports to be able to construct and operate a fusion nuclear facility like the
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Fusion Pilot Plant. Such areas of interest are the following: Remote Materials and Measurements
Development, Tritium Contamination Control, and Advanced Maintenance Development.

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

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

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

C56-30. SUPERCONDUCTING MAGNETS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

New or advanced superconducting magnet concepts are needed for plasma fusion confinement systems.
Fusion specific magnetic confinement devices operate at higher magnetic fields (14T-20T), in higher nuclear
irradiation environments, and require provide access/maintenance or allow for wider operating ranges in
temperature or pulsed magnetic fields. Of particular interest are the following:

a. Superconducting Magnetic Technology

Innovative and advanced superconducting materials manufacturing processes that have a high potential for
improved conductor performance and low fabrication costs. Specifically addressing manufacturing capacity
(>500 km/yr) while maintaining quality assurance and quality control.

Innovative and advanced superconducting materials manufacturing processes focusing on increasing
deposition area (>0.5 m”2)

Radiation-resistant electrical 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 flexibility in shear.

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

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

Questions — Contact: Guinevere Shaw, guinevere.shaw@science.doe.gov

C56-31. LOW TEMPERATURE PLASMAS

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO
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Low-temperature plasmas (LTPs) have continued to play a major role in breathtaking technological advances,
ranging from the development of cost-effective lighting to advanced microelectronics, that have improved the
quality of our lives in many ways. LTPs are continuing to enable technological advances in new fields, such as
deactivation of antibiotic resistant bacteria, disinfection of viruses, water treatment, and cancer therapy in
plasma medicine. All of these advances are enabled by the unique properties of low-temperature, non-
equilibrium plasma and the chemistry they drive. Building upon fundamental plasma science, further
developments are sought in plasma sources, plasma-surface interactions, and plasma control science that can
enable new plasma technologies, marketable product, or impact in other areas or disciplines leading to even
greater societal benefit. The focus of this topic is utilizing fundamental plasma science knowledge and turning
it into new applications.

LTP science and engineering addresses research and development in partially ionized gases with electron
temperatures typically below 10 eV. This is a field that accounts for an enormous range of practical
applications, from light sources and lasers to surgery and making computer chips, among many others. The
commercial and technical value of LTP is well established where much of this benefit has resulted from
empirical development. As the technology becomes more complex and addresses new fields, such as
advanced microelectronics and biotechnology, empiricism rapidly becomes inadequate to advance the state of
the art. Predictive capability and improved understanding of the plasma state becomes crucial to address
many of the intellectually exciting scientific challenges of this field.

All low-temperature plasma applications must have a strong commercialization potential. Grant applications
are sought in the specific areas listed under the following subtopics:

a. LTP Science and Technology for Biomedical Applications

This subtopic is focused on improving our current understanding and scientific knowledge in the area of
plasma chemistry, plasma-liquid and plasma-biomatter interactions related to plasma medicine. Current
challenges include: development of efficient plasma sources, discharges, and/or jets for biomedical
applications; improving the control of plasma produced reactive species, charged particles, photons, and fields
and understanding of how these agents impact or destroy cancer cells, antibiotic resistant bacteria, COVID-19
viruses, and/or wound healing.

Note: The two subtopics: (i) LTP Science and Technology for Biomedical Applications and (ii) LTP Science and
Engineering for Microelectronics and Nanotechnology are planned to be rotated subsequently.

Questions — Contact: Nirmol Podder, Nirmol.Podder@science.doe.gov

b. Other

In addition to the specific subtopic listed above, the Department invites grant applications that can enhance
the understanding of other emerging areas of plasma applications, including plasma-based water treatment,
sterilization, food sanitation, and/or agriculture.

Questions — Contact: Nirmol Podder, Nirmol.Podder@science.doe.gov

References:

1. U.S. Department of Energy Office of Science, Basic Research Needs Workshop for Microelectronics,
October 23-24, 2018, https://science.osti.gov/-
/media/bes/pdf/reports/2018/Microelectronics Brochure.pdf?la=en&hash=5FEFD0131FA3DA1CC8C3196
452D1AFB5558DE720 (October 26, 2022)
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2. U.S. Department of Energy Office of Fusion Energy Science, 2016, Plasma: At The Frontier of Scientific
Discovery, Report of the Panel on Frontiers of Plasma Science, chapter 5, pp. 85-96,
https://science.osti.gov/-/media/fes/pdf/program-
news/Frontiers of Plasma Science Final Report.pdf?la=en&hash=85B22EBF1CF773FFC969622524D603D
755881999 (October 26, 2022)

3. National Academies of Sciences, Engineering, and Medicine, 2020, Plasma Science: Enabling Technology,
Sustainability, Security, and Exploration, Washington, DC: The National Academies Press,
https://doi.org/10.17226/25802 (October 26, 2022)

4. 2020, Powering the Future Fusion & Plasmas, A Report of the Fusion Energy Sciences Advisory Committee,
https://science.osti.gov/-

/media/fes/fesac/pdf/2020/202012/FESAC Report 2020 Powering the Future.pdf (October 26, 2022)

C56-32. INERTIAL FUSION ENERGY (IFE)

Maximum Phase | Award Amount: $200,000 Maximum Phase 1l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Substantial scientific and technical progress in inertial confinement fusion has been made during the past
decade. Recently, the National Ignition Facility achieved a record yield of more than 1.3 megajoules (MJ) from
fusion reactions. However, many of the technologies required for an integrated inertial fusion energy system
are still at an early stage of technological maturity. For example, optical components such as high-reflection
(HR) and anti-reflection (AR) coatings for optics in high-energy, high-power lasers consistent with Inertial
Confinement Fusion drivers must withstand fluences beyond typical industrial operation limits.

a. High Damage Threshold Optics for Inertial Fusion Energy Laser Drivers

Laser-initiated defects accumulate and grow during prolonged operation and ultimately lead to laser
performance reduction, coating and optic component failure. Developing commercially viable laser drivers for
an IFE powerplant will require engineered beam transport and focusing optics systems capable of operating
robustly 24/7 at high energy, high average power, and MTTFs in the multi-Gigashot Regime. While
comprehensive economic models will determine the requirements, optic components for a laser driven IFE plant
will likely have the following nominal performance:

e Transmissive UV optics on Fused Silica or other appropriate materials: operating wavelength <355 nm;
nominal pulse duration <10 nsec; Fluence >10 J/cm?, average power >200 W/cm?, T~99.7%, operating
environment vacuum, Number of shots >10° shots where these parameters are maintained at a level for
commercial viability.

e Transmissive UV optics on nonlinear crystals such as LBO or DKDP: operating tri-wavelength <355 nm
(>10 J/cm?), 525nm (>15 J/cm?), 1053nm (>30 J/cm?); nominal pulse duration <10 nsec, average power
>200 W/cm?, T~99.7%, Number of shots >10° shots where these parameters are maintained at a level
for commercial viability.

e Reflective UV optics on Fused Silica, Ultra-low-expansion glass or other appropriate materials, and
nonlinear crystals such as LBO or DKDP: operating wavelength <355 nm; pulse duration <10 nsec;
Fluence >10 J/cm? (fluence in beam normal), average power >200 W/cm?, R~99.5%, Number of shots
>10° shots where these parameters are maintained at a level for commercial viability.

Therefore, we invite applications in development of high-damage threshold optics with a focus on:
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1. Investigation of new coating materials and/or design.

Investigation of damage mechanisms and environment effects on coating performance.

3. Development of more sophisticated models that will quantitatively predict the laser induced damage
threshold (LIDT) to realistically guide experimental efforts.

4. ldentifying and parameterizing coating degradation in different environmental conditions and in the
presence of neutron, ion, and x-ray flux and debris deposition.

N

Questions — Contact: Kramer Akli, kramer.akli@science.doe.gov

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

Questions — Contact: Kramer Akli, kramer.akli@science.doe.gov

References:

1. National Research Council, 2013, An Assessment of the Prospects for Inertial Fusion Energy, Washington
DC: The National Academies Press, https://nap.nationalacademies.org/catalog/18289/an-assessment-of-
the-prospects-for-inertial-fusion-energy
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PROGRAM AREA OVERVIEW: OFFICE OF HIGH ENERGY PHYSICS

The goal of the Department of Energy’s (DOE or the Department) Office of High Energy Physics (HEP) is to
provide mankind with new insights into the fundamental nature of energy and matter and the forces that
control them. This program is a major component of the Department's basic research mission. Such
foundational research enables the nation to advance its scientific knowledge and technological 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 and
national laboratory scientists, using particle accelerators as well as telescopes and underground detectors
located at major facilities in the U.S. and abroad. Under the HEP program, the Department operates the Fermi
National Accelerator Laboratory (Fermilab) near Chicago, IL. The Department also has a significant role in the
Large Hadron Collider (LHC) at the CERN laboratory in Switzerland. The Fermilab complex includes the Main
Injector (which formerly fed the now dormant Tevatron ring), which is used to create high-energy particle
beams for physics experiments, including the world’s most intense neutrino beam. The Main Injector is
undergoing upgrades to support the operation of Fermilab's present and planned suite of neutrino and muon
experiments at the intensity frontier. Another Fermilab upgrade project called PIP-Il (Proton Improvement
Plan I1) will greatly increase the intensity of proton beams sent to the Main Injector. The SLAC National
Accelerator Laboratory and the Lawrence Berkeley National Laboratory are involved in the design of state-of-
the-art accelerators and related facilities for use in high-energy physics, condensed matter research, and
related fields. SLAC facilities include the two-kilometer-long Stanford Linear Accelerator capable of generating
high energy, high intensity electron beams. The first kilometer of the linear accelerator are used for the
Facility for Advanced Accelerator Experimental Tests (FACET-Il). At Argonne National Laboratory resides the
Argonne Wakefield Accelerator (AWA) facility, which houses two test electron accelerators, one for 15 MeV
electrons, and the other for 70 MeV electrons. Experiments focus on two-beam and collinear wakefield
acceleration as well as tests of novel accelerator structures and beam-line components. Brookhaven National
Laboratory operates the Accelerator Test Facility, which supports accelerator science and technology
demonstrations with electron and laser beams. While much progress has been made during the past five
decades in our understanding of particle physics, future progress depends on the availability of new state-of-
the-art technology 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 rapidly-developing area that both benefits from expertise in the HEP
community and offers novel approaches for extending HEP science. The DOE SBIR program provides a focused
opportunity and mechanism for small businesses to contribute new ideas and new technologies to the pool of
knowledge and technical capabilities required for continued progress in HEP research, and to turn these novel
ideas and technologies into new business ventures.

Grant applications must be informed by the state of the art in High Energy Physics applications, commercially
available products, and emerging technologies. An application based on merely incremental improvements or
little innovation will be considered non-responsive unless context is supplied that convincingly 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 security, the environment and industry.

For additional information regarding the Office of High Energy Physics priorities, click here.
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C56-33. ADVANCED CONCEPTS AND TECHNOLOGY FOR PARTICLE ACCELERATORS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

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 for
HEP includes initiatives in the energy and intensity frontiers that rely on accelerators capable of delivering
beams with the required energy and intensity. As high energy physics facilities get bigger and more costly, the
DOE HEP program seeks to develop advanced technologies that can be used to reduce the overall machine
size and cost, and also to develop new concepts and capabilities that further scientific and commercial needs
beyond HEP’s discovery science mission.

In many cases the technology sought is closely tied to a specific machine concept which sets the specifications
(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 considered non- responsive. For subtopics that are not machine-specific,
applicants are strongly advised to understand the state-of- the-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. Non-Destructive Electron Beam Position Monitors

Advancements in RF-driven and plasma-driven accelerators have resulted in the production of femtosecond-
duration electron beams in an environment potentially subject to strong background EMP radiation. In order
to integrate active stabilization, machine learning and artificial intelligence, as well as shot-tagged correlation
studies, it is desirable to develop shot-correlated non-perturbative diagnostics for the electron beam position
and pointing angle. Challenges related to the shortness of the electron beam and noisy chamber environment
have frustrated conventional BPMs (beam position monitors). Applications are sought for either
improvements to BPMs or for novel technologies such as fiber-integrated electro-optic sampling components
and/or near-field imaging of aperture-based coherent diffraction radiation. These diagnostics should provide a
path for robust, reliable, and operation-friendly passive centroid and pointing monitors for high-current ultra-
short electron beams in noisy environments.

Questions — Contact: Derun Li, Derun.Li@science.doe.gov

b. Beam Control Systems for Future HEP Advanced Accelerator Facilities

Advanced accelerator applications (e.g. SWFA) call for precise control over the beam distribution [2], such as
requiring specific shapes of the beams projected along one coordinate —i.e. bunch shaping. Applications are
sought to develop novel systems for controlling the beam phase space that are capable of efficiently and
precisely shaping the bunch at a variety of charge levels and bunch lengths including, but not limited to (i)
high-charge bunches (>10 nC) with (<1 ps) resolution, (ii) multiple bunches (i.e. bunch trains) with accurate
time separation (<100 fs) with minimal charge losses (<10%). Beam control methods include, but are not
limited to, emittance exchange, flat beam generation with low-emittance dilution, longitudinal beam shaping
using deflecting cavities or 3D laser bunch shaping for photocathode guns, control of microbunching
instabilities for ultrabright electron beams, and improved understanding of CSR. Contributions can include
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experiments, computational studies, and algorithmic developments. Applications that emphasize combined
approaches are encouraged.

Questions — Contact: Derun Li, Derun.Li@science.doe.gov

c. High Fidelity Modeling of Advanced Accelerator Structures

Technologies leveraging structured plasmas are increasingly central to next generation particle accelerators.
The application of controlled plasma channels shows promise for improving electron and positron beam
energy and quality from plasma-based accelerator concepts, while plasma lens and dechirper systems can
enhance beam control and diagnostics for a diverse set of high-brightness accelerator applications. The
design, modeling, and optimization of structured plasma systems remain obstacles to their adoption [2,3].
Applications are sought for the development of modeling tools in support of plasma shaping technologies.
Solutions capable of integrating across related systems and accelerator components are of particular interest.

Questions — Contact: Derun Li, Derun.Li@science.doe.gov

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

Questions — Contact: Derun Li, Derun.Li@science.doe.gov
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C56-34. RADIO FREQUENCY ACCELERATOR 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
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Radio frequency (RF) technology is a key technology common to all high energy accelerators. RF sources with
improved efficiency and accelerating structures with increased accelerating gradient are important for keeping
the cost down for future machines. DOE-HEP seeks advances directly relevant to HEP applications and new
concepts and capabilities that further scientific and commercial needs beyond HEP’s discovery science
mission.

In many cases the technology sought is closely tied to a specific machine concept which sets the specifications
(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 considered non- responsive.
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For subtopics that are not machine-specific, applicants are strongly advised to understand the state-of- the-art
and to clearly describe in the application what quantitative advances in the technology will result.

a. Low-Cost Radio Frequency Power Sources for Accelerator Application

Low cost, highly efficient RF power sources are needed to power accelerators. Achieving power efficiencies of
70% or better and decreasing capital costs below $2/Watt of average power output is 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. Priority will
be given to applications that develop RF power sources operating at frequencies that are in widespread use at
the large Office of Science accelerators.

Sources may be either vacuum tube or solid state, however: (1) if the proposed source is a vacuum tube,
priority will be given to applications for tubes with operating voltages below 100kV, and (2) if the proposed
source is a solid-state power amplifier, strong evidence and arguments must be presented as to how the R&D
will enable the cost metric above to be met. Innovative cost-reduction engineering and the application of
advanced manufacturing techniques, where appropriate, are encouraged.

Warm Accelerators Cold Accelerators

Capital cost metric $2/watt of average power $2/watt of average power

Wall-plug-to-RF-power 70% minimum 70% minimum

efficiency

Phase jitter <1 degree RMS <1 degree RMS

Power jitter <1% RMS <1% RMS

Device lifetime >10,000 hours >10,000 hours

RF Frequency L-band or higher UHF or L-band

Size Consistent with delivering Consistent with delivering
100 MW peak every meter of 100 kW average every meter
the accelerator of the accelerator

Duty Factor >0.1% >5%, CW preferred

Other Requirements If source is a tube, beam voltage <100 kV preferred

If source is an SSPA, application must discuss
development path to meeting $2/W metric

Applications must clearly articulate how the proposed technology will meet all metrics listed in this section.

Questions — Contact: Eric Colby, Eric.Colby@science.doe.gov

b. Automation of SRF Cavity String Assembly

SRF cavities and other highly reflective metallic components are assembled together in a cleanroom
environment. At present the largest impact on the quality of the assembly is the human factor. In order to
minimize this impact and also to decrease touch labor and cost, vision-assisted assembly technology is of great
interest. Full digitalization of the assembly area, contactless measurement of the component positions,
assisted positioning and alignment are some of the steps that could be implemented. The ultimate goal is to
develop a contactless technology to reconstruct the pose of highly reflective metallic components to enable a
machine assisted assembly of SRF components in a cleanroom environment.

Questions — Contact: Ken Marken, ken.marken@science.doe.gov
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New Superconducting RF Cavity Design

Grant applications are sought to develop:

e New SRF cavity designs with reduced RF frequency sensitivity to Lorentz-force detuning (<0.5
Hz/(MV/m)? for elliptical cavities and (<0.5 Hz/(MV/m)? for QWR, HWR and SSR) and helium bath
pressure fluctuations (<10 Hz/mbar) for use in future accelerators requiring narrow-bandwidth
systems, e.g., upgrade of PIP-Il linac at FNAL or energy recovery linacs.

e New tunable SRF cavity designs for operation with high current beams (up to 1 A) The tuning range
is to be up to 1072. The cavity should provide efficient high-order mode extraction while not
sacrificing good SRF performance.

e New fabrication and processing techniques for niobium cavities to reduce the cost and improve
quality factor and accelerating gradient (e.g., improved welding technique, hydroforming, doping,
NbsSn coating, etc.) along with new materials for SRF cavity manufacturing.

e Improved SRF low-beta cavity designs with mitigated multipacting compared to existing QWR,
HWR, and SSR cavities, reduced field emission, and reduced losses.

e Development of the universal data interface for data exchange between the different commercial
codes used for SRF cavity design. For example, the data interface between EM codes — CST, HFSS,
COMSOL, and mechanical — ANSYS. For example, an interface between EM codes — CST and beam
dynamics code MICHELLE.

Questions — Contact: Ken Marken, ken.marken@science.doe.gov

d.

Other

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

Questions — Contact: Ken Marken, ken.marken@science.doe.gov
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C56-35. LASER TECHNOLOGY R&D FOR ACCELERATORS
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Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Lasers are used or proposed for use in many areas of accelerator applications: as drivers for novel accelerator
concepts for future colliders; in the generation, manipulation, and x-ray seeding of electron 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 excellent stability, reliability, and beam quality. With applications demanding ever higher fluxes
of particles and radiation, the driving laser technology must also increase in repetition rate—and hence
average power—to meet the demand. Please note that applications submitted in this topic should clearly
articulate the relevance of the proposed R&D to HEP’s mission.

This topic area is aimed at developing technologies for (1) ultrafast lasers capable of high average power
(kilowatt-class) operating at the high electrical-to-optical efficiency (>20%) needed for advanced accelerator
applications, and (2) high average power custom-pulse-structure lasers for proton and ion beam manipulation
and diagnosis.

Accelerator applications of ultrafast lasers call for one of the following four basic specifications:

Type | Type Il Type lll Type IV
Wavelength (micron) | 1.5-2.0 0.8-2.0 2.0-5.0 2.0-10.0
Pulse Energy 3 microl 3) 0.03-1) 300
Pulse Length 300 fs 30-100fs | 50fs 100-500 fs
Repetition Rate 1-1300 MHz | 1 kHz 1 MHz 100 Hz
Average Power Upto3kW | 3kW 3kWand | 30 kW

up

Energy Stability <1% <0.1% <1% <1%
Beam Quiality M?<1.1 Strehl>0.95 | M%<1.1 M2<1.1
Wall-plug Efficiency >30% >20% >20% >20%
Pre-Pulse Contrast N/A >10-° N/A >10°
CEP-capable 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

In category (2), longer-pulse lasers are finding increasing application in the control and diagnosis of proton and
H-minus beams. Near IR lasers are used in a variety of applications ranging from partial neutralization of H-
minus beams (0.75 eV binding energy) for diagnostics to total neutralization (for notching and phase space
sculpting). UV lasers are used for stripping neutral hydrogen beams (13.6 eV binding energy) by resonantly
exciting the atom, then Lorentz stripping the more loosely bound electron in a strong magnetic field. As
proton machines move steadily into the megawatt beam power range, the need for non-intercepting
techniques to control and diagnose such beams will motivate increased use of lasers, and the increased duty
factor of such machines will motivate increases in the average power of lasers used for this purpose.

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

a. High Energy and Broadband Components for Fiber Lasers and Arrays
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Due to their high average power capability and high wall-plug efficiency, ultrafast fiber lasers are promising for
driving high rep-rate laser-plasma accelerators, generating radiation from THz to gamma rays, and as
important tools for material processing. Realizing this requires pulse energies and durations not now
achievable from fiber lasers. Coherent combination of ultrafast fiber lasers, in spatial and temporal domains,
potentially provides a path to pulse energies up to Joules, with high average powers and efficiencies well
beyond the current generation of lasers. Pulse duration limitation of fiber lasers can be overcome using
spectral combining of multi-band fiber lasers, which has the potential to achieve tens of femtosecond
durations.

The practicality of aggregating a large number of fiber amplifiers requires that each is implemented as a
compact and robust module. However, current state-of-the-art specialty fibers with 50—-100 micron core
diameters, which produce the highest pulse energies in diffraction-limited beams, lack fiber-optic components
which can be fusion-spliced into monolithically-integrated subsystems.

Spectral combining of ultrafast fiber lasers (Yb-doped) will need fiber components optimized at different
bands within the Yb gain spectrum. However, most fiber components in the current market are optimized with
a central wavelength only in the range of 1040-1065 nm, and a bandwidth up to ~¥30 nm.

Grant applications are sought to demonstrate and develop fiber laser components for module integration
(monolithic pump combiners, mode adapters, optical interconnects, residual-pump-power strippers, etc.), as
well as complete integrated amplifier subsystems using 50—100 micron core specialty fibers with diffraction-
limited output. These components and subsystems should sustain multi-mJ pulse energies and average
powers in the 100 W — 1 kW range, when operating within the ~1 micron gain spectrum of Yb-doped fibers. In
addition, applications are sought to develop and demonstrate fiber components for spectral combination
(WDMs, isolators, etc.), both single-mode and large-mode-area, with spectral boundaries extended to <1010
nm OR >1090 nm and covering a broad band (>30-40 nm bandwidth). Cost-effective solutions are particularly
encouraged.

Questions — Contact: Eric Colby, eric.colby@science.doe.gov

b. High Damage Threshold Large Area Spatial Light Modulators

The size and damage tolerance of active laser optics are a key limit in the compactness, performance, and
durability of lasers. Realizing compact, high efficiency lasers combining high peak and average powers strongly
motivates improved damage threshold for active optics.

Active shaping of the laser mode is key to many applications, and active elements such as spatial light
modulators currently suffer from low intensity and fluence tolerance which limits their application.

Applications are sought to develop larger area SLMs (30mm width up to 100mm) to allow for (chirped) Joule-
class lasers to be spatially manipulated. Increasing the active aperture, power density tolerance, and damage
fluence by applying high reflectance dielectric coatings, active cooling, and stabilization mechanisms is
needed. SLMs may be optimized for 0.8- or 1-micron lasers and must be designed with minimal GVD to
support ultrafast pulses (>10% bandwidth). A finished large-area SLM that can tolerate incident average power
densities of >300 W/cm”2 and incident fluences of >0.25 J/cm”2 per pulse in 30 fsec (stretched) pulses is the
goal.

Questions — Contact: Eric Colby, eric.colby@science.doe.gov

c. Feedback Systems for Control of High Intensity Laser Mode and Delivery
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Reduction of shot-to-shot variations in high-power lasers is a key driver to allowing increased control of the
physics mechanisms at play, and hence dramatically reducing the variations in applications such as
accelerators and machining. The environmental factors (resulting from environmental factors such as
fluctuations in temperature, sound, vibration, and humidity) are typically dominated by <100Hz spectral
components (for example, a specific mirror mount might have a vibration resonance at 40.6Hz) and are thus
well suited to be compensated with fast feedback systems. Of interest is stabilization wavefront, amplitude,
and phase of the laser, and potentially pointing of high peak power (10’s TW) systems which use
approximately 4"-12” optics. Such systems in the long term are envisioned at kHz rates, and at present when
only Hz-class rates are available could use high-rate pilot lasers for correction.

Applications are sought on the development of fast feedback systems to correct laser parameters such as a
spectral-phase, wavefront, amplitude, and transverse mode content. For large optics only (i.e., 2100mm
diameter), correction of transverse position of the final focus, pointing angle of the focused beam are also of
interest (Commercial systems exist for pointing control of 50mm diameter optics and are not covered here).
Systems should be capable of mitigation of frequencies up to ~100Hz. Such systems would include diagnostics
(preferably non-perturbative), correcting hardware, and a fast feedback control system. Ability to correct
systems requiring large optics 2100mm in size (piezo mirrors, deformable mirrors, etc.) is of particular interest.

Questions — Contact: Eric Colby, eric.colby@science.doe.gov

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

Questions — Contact: Eric Colby, eric.colby@science.doe.gov
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C56-36. HIGH FIELD SUPERCONDUCTING MAGNET TECHNOLOGY
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Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

Superconducting magnets are widely used in particle accelerators for beam steering and focusing. Advanced
R&D is needed in support of this research in high-field superconductor and superconducting magnet
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technologies. This topic addresses only those superconducting magnet development technologies that support
accelerators, storage rings, and charged particle beam transport systems and only those superconducting wire
technologies that support long strand lengths suitable for winding magnets without splices. For referral to lab
and university scientists in your area of interest contact: Ken Marken, ken.marken@science.doe.gov.

Grant applications are sought only in the following subtopics:

a. High-Field HTS Wire and Cable Technologies for Magnets

Grant applications are sought to develop improved High Temperature Superconducting (HTS) wire for magnets
that operate above 18 Tesla (T). Applications should address demonstration scale (>1 km lengths) and/or
production scale (> 3 km continuous lengths) wire technologies. Current densities should be at least 400
amperes per square millimeter of strand cross-section (often called the engineering current density) at 20 T
and 4.2 K temperature. Tooling and handling requirements restrict wire cross-sectional area to the range 0.4
to 2.0 square millimeters, with transverse dimension not less than 0.25 mm. Of specific interest are the HTS
materials Bi2Sr2CaCu208 (Bi-2212) and (RE) Ba2Cu307 (ReBCO) that are engineered for high field magnet
applications. 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 minimum continuous length) for winding and testing cables and subscale coils.

New or improved wire or cable technologies must demonstrate at least one of the following criteria in
comparison to present art:

e property improvement, such as higher current density at fields above 18 T;

e improved tolerance to property degradation as a function of applied strain;

e reduced transverse dimensions of the superconducting filaments (sometimes called the effective
filament diameter), in particular to less than 30 micrometers at 1 mm wire diameter, with minimal
concurrent reduction of the thermal conductivity of the stabilizer or strand critical current density;

e HTS cables supporting 10 to 30 kA currents with engineering current density above 600 A/mm~2,
lower losses under changing transverse magnetic fields, and/or improved tolerance to transverse
stress;

e significant cost reduction for equal performance in all regards, especially current density and length.

Questions — Contact: Ken Marken, ken.marken@science.doe.gov

b. Cryogenic Power Electronics for Distributed Powering and Quench Protection of HTS and Hybrid
Magnets
Powering and protection of high-field superconducting magnets are traditionally accomplished with current
control and energy extraction systems operating at ambient temperature. These systems are costly, have low
energy efficiency and put significant limitations on the powering and depowering profiles that can be
executed. Recent advances in power electronics have enabled a new class of MOSFET devices that exhibit
extremely low resistance in the “closed” state and allow for cryogenic operation. Implementation of these
devices with superconducting magnets would significantly reduce cost and complexity of magnet powering
infrastructure and enable novel capabilities such as independent current control for hybrid HTS/LTS magnet
coils from a single power supply and generation of special AC current waveforms for clearing remnant
magnetization or boosting protection through ac loss mechanisms.

Applications for practical implementation of a viable cryogenic power control system for superconducting
magnets are sought.
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Questions — Contact: Ken Marken, ken.marken@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.

Questions — Contact: Ken Marken, ken.marken@science.doe.gov
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C56-37. HIGH ENERGY PHYSICS ELECTRONICS

Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

High Energy Physics experiments require advanced electronics and systems for the acquisition and processing
of experimental data. As an example, high-priority future experiments in the DOE Office of High Energy Physics
(HEP) portfolio need advances that can benefit from small business contributions. These experiments include
potential upgrades to the High Luminosity Large Hadron Collider (HL-LHC) detectors currently under
construction (see https://home.cern/science/accelerators/large-hadron-collider) or other potential future
High Energy Colliders, neutrino experiments including those sited deep underground (e.g.,
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https://www.dunescience.org), next-generation direct searches for dark matter, and astrophysical surveys to
understand dark energy, including cosmic microwave background experiments.

We seek small business industrial partners to advance the state of the art and/or increase cost effectiveness of
electronics needed for the above experiments and for the wider HEP community. Specific technical areas are
given in the subtopics below. These are areas where experimental needs have been defined and shortcomings
of existing technology identified. R&D seeking new technology will typically be in progress at DOE national
laboratories and/or DOE-funded universities. 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 therefore urged to make early contact
with lab and university scientists in order to develop germane applications. Clear and specific relevance to HEP
programmatic needs is required and supporting letters from lab and university scientists are an excellent way
to show such relevance. Direct collaboration between small businesses and national labs and universities is
strongly encouraged. For referral to lab and university scientists in your area of interest contact:

Helmut Marsiske, helmut.marsiske@science.doe.gov.

Grant applications are sought in the following subtopics:

a. Radiation-Hard Sensors and Engineered Substrates for Detectors at High Energy Colliders

Silicon detectors for high energy particle physics are currently based on hybrid technology, with separately
fabricated diode strip or pixel sensors and bump-bonded Complementary Metal Oxide Semiconductor (CMOS)
readout chips. As larger area detectors are required for tracking, and for new applications such as high-
granularity calorimetry, new sensor concepts and lower manufacturing cost are needed. Sensors must
withstand both ionizing and displacement damage radiation, and they must have fast signal collection and fast
readout, as well as radiation tolerance in the range 100 to 1000 Mrad and 1E14 to 2E16 neutron-equivalent
fluence.

Of interest are applications in the following focus areas:

e We seek monolithic CMOS-based sensors with moderate depth (5—-20 micron) high resistivity substrates
that can be fully depleted and can achieve charge collection times of 20 ns or less. Technologies of
interest include deep n- and p-wells to avoid parasitic charge collection in CMOS circuitry and geometries
with low-capacitance charge collection nodes. We aim for stitched, large-area arrays of sensors with
sensor thickness less than 50 microns and pixel pitch of less than 25 microns.

e We also seek low to moderate gain (x10-50) reach-through silicon avalanche diodes (LGADs) as a
proposed sensor type to achieve ~10 ps time resolution for collider experiments. The current generation
of reach-through 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 reach-
through implant can address some of these problems. We seek substrate fabrication 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 techniques to arrange internal doping of detectors by multiple thick epitaxial layers or
other methods to allow engineering of the internal fields and resulting pulse shape.

e Development of sensors fabricated in materials other than silicon and with enhanced performance was
identified as a priority research direction in [1]. A promising development is with ultrafast sensors using
Silicon Carbide (SiC), a large bandgap material for which industry is currently focused mainly on power
electronics applications. We seek development of thick epitaxially grown SiC with low n-type doping as
a new substrate material for the development of ultrafast, radiation-hard, high-temperature SiC-based
sensors.
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Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

b. High-Density Chip Interconnect Technology

With the large channel counts and fine granularity of HEP detectors, there is an ever-increasing need for new
technologies for higher-density interconnects. Applications are sought for the development of new
technologies for reducing cost while increasing the density of interconnection of pixelated sensors to readout
electronics by enhancing or replacing solder bump-based technologies. Development of cost-effective
technologies to connect arrays of thinned integrated circuits (<50 microns with areas of ~2x2 cm?) to high-
resistivity silicon sensors with interconnect pitch of 50 microns or less are of interest. Technologies are sought
that can minimize dead regions at device edges and/or enable wafer-to-wafer interconnection, by utilizing 3D
integration with through-Si vias or other methods. Present commercial chip packaging and mounting
technologies can, at cryogenic temperatures, put mechanical stress on the silicon die which distorts the
operation of the circuit. Low-cost and robust packaging and/or interconnect solutions that do not introduce
such stresses would be of advantage—especially in the case of large-area circuit boards (>0.5 m on each
edge).

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

c. Electronics Systems for Ultra-Low-Temperature Experiments

Many HEP experiments are operated in the deep cryogenic regime (10-100 mK) with large numbers of
readout channels required. Data acquisition and control signals from the mK stage out to room temperature
require high-fidelity RF signals, extremely low noise, and low thermal load on the cryogenic systems.
Applications range from future CMB experiments that will have large focal plane arrays with ~500,000
superconducting detector elements, to axion dark matter searches with similar channel counts to reach to
high axion masses, to large-scale phonon-based particle-like dark matter searches.

Specific areas of interest include: low-noise cryogenic amplifiers (HEMT, SQUID, parametric, etc.); high-density
cryogenic interconnects for mK to LHe to room temperature stages; low-power (<100 mW per channel), high-
resolution (14 bits or more), high-sampling rate (200 kHz or more) ADCs operating at 4 K or below; scalable
high-density superconducting interconnects for micro-fabricated superconducting devices; high-frequency
superconducting flex circuits; specialized electronics for processing large numbers of frequency-domain
multiplexed RF signals; wafer processing combining niobium metal and MEMS; fabrication of miniature, ultra-
low loss, superconducting resonator arrays; and electronic frequency tuning mechanisms for microwave
resonators.

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

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

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov
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(November 2, 2022)
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2. TWEPP 2022 Topical Workshop on Electronics for Particle Physics, Indico, CERN,
Bergen, Norway, Sep 19-23, 2022, https://indico.cern.ch/event/1127562/ (November 2, 2022)

3. 25th International Conference on Computing in High Energy and Nuclear Physics (VCHEP), Indico, CERN,
Online, May 17-21, 2021, https://indico.cern.ch/event/948465/ (November 2, 2022)

4. PM2021 - 15th Pisa Meeting on Advanced Detectors, Indico, La Biodola, Isola d'Elba, Italy, May 22-28,
2022, https://agenda.infn.it/event/22092/ (November 2, 2022)

5. International Conference on Technology and Instrumentation in Particle Physics (TIPP2021), Indico, CERN,
Online, May 24-28, 2021; https://indico.cern.ch/event/981823/ (November 2, 2022)

6. 23rd IEEE Real-Time Conference, Indico, CERN, Online, Aug 1-5, 2022,
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7. VCI2022 - The 16th Vienna Conference on Instrumentation, Indico, CERN, Online,
Feb 21-25, 2022, https://indico.cern.ch/event/1044975/ (November 2, 2022)

8. Braga, D., Li, S., and Fahim, F., 2021, Cryogenic Electronics Development for High-Energy Physics: An
Overview of Design Considerations, Benefits, and Unique Challenges, IEEE Solid-State Circuits Magazine 13
(2021) 36-45, https:/doi.org/10.1109/mssc.2021.3072804 (November 2, 2022)

C56-38. HIGH ENERGY PHYSICS DETECTORS AND INSTRUMENTATION

Maximum Phase | Award Amount: $200,000 Maximum Phase |l Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

High Energy Physics experiments require specialized detectors for particle and radiation detection. As an
example, high-priority future experiments in the DOE Office of High Energy Physics (HEP) portfolio need
advances that can benefit from small business contributions. These experiments include potential upgrades to
the High Luminosity Large Hadron Collider (HL-LHC) detectors currently under construction (see
https://home.cern/science/accelerators/large-hadron-collider) or other potential future High Energy Colliders,
neutrino experiments including those sited deep underground (e.g., https://www.dunescience.org), next-
generation direct searches for dark matter, and astrophysical surveys to understand dark energy, including
cosmic microwave background experiments.

We seek small businesses to advance the state of the art and/or increase cost effectiveness of detectors
needed for the above experiments and for the wider HEP community. Specific technical areas are given in the
subtopics below. These are areas where experimental needs have been defined and shortcomings of existing
technology identified. Improvements in the sensitivity, robustness, and cost effectiveness are sought. R&D
towards these ends will typically be in progress at DOE national laboratories and/or DOE-funded universities.
While the subtopics offer initial guidance about specific detector areas, the scientists involved are the best
source of detailed information about requirements and relevance to the experimental programs listed above.
Applicants are therefore urged to make early contact with lab and university scientists in order to develop
germane applications. Clear and specific relevance to HEP programmatic needs is required and supporting
letters from lab and university scientists are an excellent way to show such relevance. Direct collaboration
between small businesses and national labs and universities is strongly encouraged. For referral to lab and
university scientists in your area of interest contact: Helmut Marsiske, helmut.marsiske@science.doe.gov.

Grant applications are sought in the following subtopics:

a. Low-Cost, High-Performance (V)UV/Visible/Near-IR Photon Detection
Particle physics detectors need to cover large areas with high-sensitivity photodetectors. Requirements
include combinations of the following: 1) Wavelength sensitivity in the range 100-1100 nm over large
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photosensitive areas; 2) Fast response, radiation hardness, magnetic field compatibility, and high quantum
efficiency for collider and intensity frontier experiments; 3) Compatibility with cryogenic operation and built
with low-radioactivity materials for neutrino and dark matter experiments; and 4) Low cost and high reliability.
Technologies using modern manufacturing processes and low-cost materials are of interest. These include use
of semiconductor-based avalanche photodiodes (APD) and Geiger mode APD arrays, SiPM arrays, large-area
microchannel plate-based systems (highly pixilated, fast readback with position resolution of less than 0.3 mm
and time resolution of less than 100 ps), new alkali and non-alkali photocathode materials, and high-volume
manufacturing of large-area, ultra-clean, sealed vacuum assemblies.

For collider and intensity frontier experiments, grant applications are sought to develop and advance wide-
bandgap solid-state photodetector technology with internal gain that has low dark current, good radiation

hardness, and reduced gain sensitivity to temperature.

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

b. Scintillating Detector Materials and Wavelength Shifters

HEP utilizes scintillating materials for large calorimeters in colliding beam and intensity frontier experiments as
well as for the active medium in some neutrino and dark matter detectors. Development of radiation-hard
(tens of Mrad), fast (tens of ns) scintillators and wavelength shifting materials is of particular interest for
colliding beam experiments. Development of fast (tens of ns), wavelength-matched shifting materials is of
interest for liquid-argon and liquid-xenon detectors for neutrinos and dark matter. Large (>100 cm3), bright
(>10,000 ph/MeV), fast (tens of ns), radiation-hard (tens to hundreds of Mrad) ceramics or glasses with high
density (>6 g/cm?) are of interest for intensity frontier experiments as well as colliding beam experiments if
high-volume (multi-m3), cost-effective (few $/cm?3) production methods can be developed.

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

c. Low Radioactivity Integration Solutions for Cryogenic Detectors

Cryogenic detectors used to search for rare dark matter and neutrino interactions, as well as some quantum
devices, are sensitive to radioactive backgrounds (see, e.g., [13—16]). As future experiments aim to achieve
unprecedented sensitivities, material radiopurity requirements are becoming ever more stringent. The most
concerning contaminants are the primordial radionuclides %°K, 232Th, 238U, and their decay progeny.
Radioactive impurities in materials located close to active detector components have a disproportionately
large impact, resulting in the need for new integration solutions for the packaging and wiring of cryogenic
detectors.

Applications are sought in the following areas:

e Animportant challenge is the electronic packaging of several thousand silicon sensors (e.g., CCDs,
CMOS) for cryogenic operation at 140 K (as in [17]). This packaging connects the sensors to their front-
end electronics. Current solutions typically include hand assembly of ceramic based packages, which
are expensive (5100/sensor) and have a radiation background 100x larger than the requirements. We
seek development of alternative packaging techniques for a large volume of sensors in low-radioactive-
background cryogenic experiments, with the goal of producing systems capable packaging ten
thousand silicon sensors with a radiation-background rate below 1 event/kg/day/keV and sub-electron
readout noise.

e A common element in the packaging of superconducting devices (e.g., qubits or advanced sensors) for
operation at mK temperatures is an interconnect board: a printed circuit board (PCB) laminate to
which active elements are wire bonded and to which RF coax connectors are attached. The laminate
must have low dielectric loss to avoid negatively impacting device performance and often has a
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thermal expansion coefficient close to that of copper to avoid delamination of traces. Common
materials (e.g., alumina, and advanced laminates such as Rogers TMM and RO4000) typically include
ceramics, which are often high in natural radioactivity that can negatively impact device performance
or sensitivity. We seek identification of a new material or process improvement to reduce the laminate
radioactivity to less than ~100 mBq/kg, while maintaining the desired electrical and physical
properties.

e Radiopure superconducting cables are needed for next-generation dark matter detectors and possibly
guantum sensors. The cables must achieve ppt levels of U and Th and a ppb level of K. Non-
superconducting radiopure flexible cables have been developed [18], but additional R&D is required
for superconducting materials. Cables must satisfy thermal and electrical requirements for HEP
instrumentation; general considerations include operation at mK temperatures, traces with an
appropriate superconducting transition temperature (7. > 2 K with > 4 K preferred), low thermal
conductivity (example heat loads are available in the literature; see, e.g., [19] and Table 2 in [20]), low
parasitic resistance (*“mOhm/trace), and possibly low inductance (~100 nH/trace).

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov

d.

Other

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

Questions — Contact: Helmut Marsiske, helmut.marsiske@science.doe.gov
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C56-39. ARTIFICIAL INTELLIGENCE/MACHINE LEARNING FOR ACCELERATORS
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Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

High Energy Physics accelerators provide access to the some of the world’s most advanced research
instruments and produce increasingly larger quantities of data. Reaching the full potential of the rapidly
growing data streams requires new innovations to solve a variety of technical challenges in data acquisition,
control, modeling, and analysis. Artificial intelligence and machine learning (Al/ML) have opened
corresponding new avenues in optimization, efficient surrogate models, data analytics, and inverse problems.
These intriguing capabilities suggest that Al/ML can greatly accelerate the quest to probe and understand
fundamental phenomena across a vast range of lengths and timescales, potentially leading to transformative
advances across scientific disciplines.

Al/ML approaches can have a significant impact on increasing the operational efficiencies of large, complex
scientific facilities and instrumentation. Al/ML approaches, for example, can be used to predict detector and
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accelerator component performance which can result in improved performance and higher beam availability
for research.

We seek small business industrial partners to advance the state of the art and/or increase cost effectiveness of
implementation of data science techniques such as Al/ML to improve operations of large accelerator
complexes, including development of tools and techniques that enable guided optimization, semi-autonomous
operations, de-noising and data mining, digital twins (e.g., virtual laboratories), and failure anticipation.

Grant applications are sought in the following subtopics:

a. Machine Learning, Diagnostics, Controls and Digital Twins for Particle Accelerators

Machine learning (ML) promises significant enhancements for particle accelerator operations, including
applications in diagnostics, controls, and modeling. However, it is essential that as these promising ML
methods are experimentally demonstrated before being deployed at user facilities. The ability to generalize
the training and deployment of ML algorithms to different operating configurations for the same beamline, or
between facilities, remains a challenge. Applications are sought to develop novel algorithms and associated
software to support the training and deployment of ML tools at accelerator facilities. Developments, which
facilitate domain transfer between facilities and diagnostic types, are highly encouraged. Applications for ML
based high fidelity surrogate models, or digital twins, that improve the accuracy of accelerator simulation or
reduce the computing time needed to simulate accelerators are sought. Successful applications must include
plans for experimental demonstration and validation.

Questions — Contact: Jeremy Love, Jeremy.Love@science.doe.gov

b. Adaptive Online Machine Learning for Dynamic Beam Diagnostics

Particle accelerators are large complex systems composed of hundreds to thousands of interconnected
electro-magnetic components including radio frequency (RF) resonant accelerating structures for beam
acceleration and longitudinal focusing and various magnets for beam steering and transverse focusing.
Charged particle beams are themselves complex objects living in a six-dimensional phase space. They undergo
complex collective effects such as coherent synchrotron radiation and vary with time in unpredictable ways.
Sources of variation include accelerator RF phase and amplitude jitter, and magnet current jitter, and time-
varying laser intensities and photoemission at the beam source. As bunches become shorter and more
intense, the effects of intra-bunch collective interactions such as space charge forces and bunch-to-bunch
influences such as wakefields also increase. Short, intense bunches are extremely difficult to accurately image
because their dimensions are beyond the resolution of existing diagnostics and they may be destructive to
intercepting diagnostics.

Applications are sought for the design and implementation of adaptive machine learning methods as applied
to time-varying systems since they have the potential to aid in the diagnostics and control of high-intensity,
ultrashort beams by interfacing online models with real time non-invasive beam data, and thereby provide a
detailed virtual view of intense bunch dynamics. The goal is to enable beam prediction and control, and to
develop new diagnostics in order to increase beam phase-space density by at least an order of magnitude than
currently achievable.

(See References 1 through 7 for further information.)

Questions — Contact: Jeremy Love, Jeremy.Love@science.doe.gov

c. Other
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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: Jeremy Love, Jeremy.Love@science.doe.gov
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PROGRAM AREA OVERVIEW: OFFICE OF NUCLEAR ENERGY

The primary mission of the Office of Nuclear Energy (NE) is to advance science and technology to meet
U.S. energy, environmental, and economic needs.

NE has identified the following four goals to address challenges in the nuclear energy sector, help realize
the potential of advanced technology, and leverage the unique role of the government in spurring
innovation:

(1) Enable continued operation of existing U.S. nuclear reactors;

(2) Enable deployment of advanced nuclear reactors;

(3) Develop advanced nuclear fuel cycles; and

(4) Maintain U.S. leadership in nuclear energy technology.

Each goal includes supporting objectives to ensure progress and performance indicators to measure success.

Collectively, all NE-sponsored activities support the Department’s priorities to combat the climate crisis,
create clean energy jobs with the free and fair chance to join a union and bargain collectively, and
promote equity and environmental justice by delivering innovative clean energy technologies for
nuclear energy systems.

All applications submitted under this Small Business Innovative Research (SBIR)/Small Business
Technology Transfer (STTR) Funding Opportunity Announcement (FOA) must demonstrate a strong tie to
at least one of the four NE goals and highlight how it supports the Department of Energy (DOE)
priorities.

NE’s SBIR/STTR work scopes also support the DOE Gateway for Accelerated Innovation in Nuclear (GAIN)
initiative (see https://gain.inl.gov), which provides the nuclear 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 operation of the
existing nuclear fleet.

For additional information regarding the Office of Nuclear Energy goals and priorities, click here.

C56-40. ADVANCED TECHNOLOGIES FOR 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
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

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
of nuclear proliferation. This topic addresses several 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 Modeling and Simulation

Computational modeling of nuclear reactors for design and operation is becoming increasingly predictive and
able to leverage high-performance computing architectures. While these tools perform similarly to legacy
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tools for simple problems, utilizing the advanced features of these tools requires more in-depth training, skills,
and knowledge. Furthermore, to integrate robust multi-physics capabilities and current production tools for
ease-of-use and deployment to end users, and for enabling the use of high-fidelity simulations to inform
lower-order models 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.

Applications are sought that apply Office of Nuclear Energy’s (NE) advanced modeling and simulation tools
(https://neams.inl.gov/code-descriptions/) to industry problems for increased use by industry, either light-
water reactor (LWR) or non-LWR reactor industry.

This can include:

e Facilitate access to Office of Nuclear Energy’s (NE) advanced modeling and simulation tools for
inexperienced users;

e Apply the results of high-fidelity simulations to inform the improved use of lower-order models for
improved use of fast-running design tools;

e Provide capabilities for automated verification of numerical solutions, including mesh refinement
studies; or

e Use of the tools with existing plant operational data to demonstrate the value for real-world
industry applications.

Questions — Contact: David Henderson, David.Henderson@nuclear.energy.gov

b. Component Development to Support Liquid Metal Reactors — Electromagnetic Pumps

Liquid metal reactors have been demonstrated in a number of countries. Advanced versions of these first-
generation reactors attempt to simplify the large pumps by utilization of electromagnetic pumps that have the
ability to operate submerged at high temperature, and under irradiation.

DOE is seeking applications for collaborative small business partnerships from a U.S. company or companies to
advance liquid metal reactors and foster growth for U.S. industry.

Potential areas of collaboration include but are not limited to:
e Development of insulation technology for electromagnetic pumps that can withstand high
temperatures and gamma and neutron radiation during liquid metal reactor operations
e Development of a small electromagnetic pump that could be tested in a high temperature
prototypic sodium environment.

Questions — Contact: Kat Abbott, Kaatrin.Abbott@nuclear.energy.gov

c. Roller Bearings for High Temperature Sodium Applications

Liquid metal reactors have been demonstrated in a number of countries. Advanced versions of these first-
generation reactors attempt to reduce the cost of the primary heat transport system by utilization of
advanced robotic refueling systems. Advanced robotic refueling systems allow for the reduction in the reactor
vessel size and thus a reduction in overall costs of the reactor plant. A number of these advanced refueling
systems use mechanisms such as gears, roller bearings, ball screws, universal joints and other mechanical
components in liquid metals at high temperatures.

DOE is seeking applications for collaborative small business partnerships from a U.S. company or companies to
advance liquid metal reactors and foster growth for U.S. industry.
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Potential areas of collaboration include but are not limited to:
e Development of roller bearings for use in high temperature sodium applications — both radial,
thrust, and combined radial and thrust bearings are of interest.

Questions — Contact: Kat Abbott, Kaatrin.Abbott@nuclear.energy.gov

d. Rapid, Inexpensive Molten Salt Property Measurement

Developing adequate understanding of the behavior of molten salt reactors under both normal and accident
conditions is dependent on adequate understanding of molten salt properties. DOE-NE is in the process of
populating a molten salt thermophysical and thermochemical property database. Measuring molten salt
properties is currently expensive and time-consuming. Molten salts are hot, can be corrosive, may include
volatile components, are frequently hydroscopic, and can be both toxic and intensively radioactive,
substantially increasing the difficulty of each of the steps in performing adequate quality measurements.
Moreover, the measurements can be significantly impacted by sample purity at levels resulting from
environmental contamination.

DOE is seeking applications for collaborative small business partnerships from a U.S. company or companies to
advance molten salt property measurement technology and foster growth for U.S. industry.

Development of innovative property measurement tools and techniques that decrease the time and expense
of conventional measurement methods are encouraged. Potential areas for sensor development and
candidates for collaboration include but are not limited to:

e Oxygen concentration

e Moisture content

e Viscosity

e Thermal diffusivity

e Phase development and precipitation
e Heat capacity

e Density

e Vapor pressure

e Surface tension

Questions — Contact: Janelle Eddins, Janelle.Eddins@nuclear.energy.gov

e. National Reactor Innovation Center (NRIC)

The National Reactor Innovation Center (NRIC) is charged with accelerating the demonstration and
commercialization of new reactor concepts and technologies, effectively advancing U.S. nuclear energy
leadership. In support of successful demonstration and economic deployment of advanced nuclear energy,
grant applications are sought in the following areas:

1. Advanced Construction Technology (ACT) Initiative

Various studies of nuclear energy economics have identified the major role of construction costs
and schedule risks in driving up the costs of nuclear power plants. (e.g. The Future of Nuclear
Energy in a Carbon-Constrained World, Massachusetts Institute of Technology 2018; The ETI
Nuclear Cost Drivers Project: Summary Report, Energy Technologies Institute (ETI), 2018;
Advanced Nuclear Technology: Economic-Based Research and Development Roadmap for Nuclear
Power Plant Construction, Electric Power Research Institute (EPRI), 2019.) Through its ACT
Initiative, NRIC seeks to develop and demonstrate technologies, processes, and approaches that
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would mitigate construction risks and improve construction outcomes through improved project
management, advanced technologies, manufacturing approaches, and/or supply chain
improvements.

Applications are sought that identify, evaluate and/or develop methods, processes, or technologies
that can significantly improve advanced nuclear construction cost and schedule outcomes by
addressing key challenges identified in literature or projects. These could include approaches to
project management, digital engineering, open architecture design, construction technologies,
manufacturing approaches, etc. Proposed activities should not be duplicative of activities currently
being pursued through the NRIC ACT Initiative. For more information on the ACT Initiative please
visit: https://nric.inl.gov/advanced-construction-technologies-initiative/

2. Robotics for Advanced Nuclear Facilities

NRIC seeks to develop and demonstrate mobile robotic technologies that will provide for more
economical and safer advanced reactor plants including fuel handling systems. Robotic systems
have the potential to reduce human exposure to radiological and industrial hazards, improve
quality, improve efficiency and aid in emergency response.

Grant applications are requested for modifying existing robotic platforms or developing
and demonstrating robotic systems that can:
e Support operations and inspections by automating daily plant rounds, performing
inspections in confined space or other hazardous areas, performing general inspections, etc.
e Support fuel management such as providing fueling and defueling capability for advanced
reactors
e Assist in emergency response to avoid endangering humans
e Perform maintenance tasks such as filter replacements or liquid metal valve replacements

In addition, grant applications are requested for modifying existing or developing new robotics
that can withstand:
e Radiation levels in and around advanced nuclear reactors
e Temperature and pressure conditions present in nuclear plants including the conditions
found in helium cooled and liquid metal cooled reactors.

The application should clearly outline the benefits of the proposed system such as new
capability not currently done by humans, improved safety, reduced costs, improved quality,
etc.

3. Supporting Technologies for Microreactor Operations

The Office of Nuclear Energy supports activities to enable the development, demonstration and
commercialization of a variety of microreactor concepts. Key to demonstrating and
commercializing these concepts, is development of supporting capabilities such as
transportation, defueling, and shielding technologies.

To help support advanced reactor demonstration and commercialization, NRIC is establishing the
Demonstration and Operation of Microreactor Experiments (DOME) test bed which will be capable
of hosting critical reactor experiments that operate at less than 20MW1t using High Assay Low
Enriched Uranium (HALEU) fuel. These tests and experiments will require many support systems.
Transporting fueled reactors, shielding reactors during shipping and testing, and fueling/defueling
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reactors pose unique problems during demonstration of these systems.

Applications are requested for developing and demonstrating fueling/defueling systems,
modular shielding, and transport options for microreactors that are fueled by HALEU fuel.

Questions — Contact: Janelle Eddins, Janelle.Eddins@nuclear.energy.gov

f. Advanced Methods and Manufacturing Technologies (AMMT) Program

Advances in nuclear energy technologies critically depend on high-performance materials that can withstand
harsh environmental conditions in nuclear reactors. The advances of new manufacturing technologies open up
new opportunities for the design of innovative materials with improved properties beyond what are
achievable with traditional manufacturing techniques. Applications are sought to develop new, high-
performance materials enabled by advanced manufacturing for nuclear energy applications. Of particular
interest is the design of new materials that exploit the unusual characteristics of additive manufacturing
processes to create materials with enhanced performance. A broad range of materials for nuclear energy
systems will be considered, including iron-based alloys, nickel-based alloys, high entropy alloys, refractory
alloys, composites, or functionally graded materials. The new materials must demonstrate one or more of
high-temperature properties, radiation, and corrosion resistance relative to existing reactor materials, in a
way that is significantly improved. The stability of microstructure and properties during long service life should
also be demonstrated through accelerated testing and/or model predictions. The goal is to strengthen the
pipeline of new materials that can make advanced nuclear reactors and the current fleet more resilient and
economically competitive.

Questions — Contact: Dirk Cairns-Gallimore, Dirk.Cairns-Gallimore@nuclear.energy.gov

g. Nuclear Science User Facilities (NSUF) Program

The NSUF program has strong interest in the development of new and advanced techniques that will enable
cutting edge and more cost-effective studies related to irradiation effects in nuclear fuels and materials.
Irradiation embrittlement due to long-term and high-energy neutrons is a major concern for reactor pressure
vessel (RPV) materials degradation in light water reactors (LWRs), causing mechanical property changes such
as increase of hardness, yield stress, and tensile strength, and decrease of toughness. Consequently, many
reactors include capsules containing representative steels that are located on the inside of the RPV for several
years before their fracture toughness is determined by destructive Charpy impact testing. Alternative, non-
destructive methods for directly assessing material embrittlement of in-situ RPV material under operating
service conditions due to irradiation are desirable. Applications are sought focused on developing in-situ
sensors and detectors and diagnostic equipment for embrittlement testing under extreme reactor
environments of high temperature, radiation, and pressure.

Questions — Contact: Christopher Barr, christopher.barr@nuclear.energy.gov For more information on the
NSUF program visit https://nsuf.inl.gov/

h. Cybersecurity Technologies for Protection of Nuclear Critical Systems

The Office of Nuclear Energy is seeking science and engineering solutions to prevent, detect, and mitigate
cyber threats to nuclear energy systems with specific emphasis on digital instrumentation, control, and
communication systems. Applications of interest will develop technologies and tools that will enable nuclear
energy system designers, operators, and researchers to characterize cybersecurity of instrumentation and
control (I&C) components and systems specific to the nuclear energy sector and identify and mitigate
cybersecurity vulnerabilities in such components and systems. Technologies of most relevance will: 1) Identify
and model the characteristics of a nuclear power plant I&C system under cyber-attack; 2) identify the cyber


mailto:Janelle.Eddins@nuclear.energy.gov
mailto:Dirk.Cairns-Gallimore@nuclear.energy.gov
mailto:christopher.barr@nuclear.energy.gov
https://nsuf.inl.gov/

Back to Table of Contents

risk impacts of upgrades and maintenance on such systems; and/or 3) facilitate the secure design of future
control systems for the existing fleet and advanced reactors.

Proposers’ product(s) of interest may provide designers, operators, and researchers with capability to:

e Develop and demonstrate technologies that enable cyber secure digital I&C system
architectures for use in nuclear facilities across a broad range of current reactors and future
reactors, including small modular reactors and microreactors.

e Prevent, detect, and respond to cyber-attacks in complex and interdependent I&C systems
relevant to nuclear facilities. Of particular interest are methods and tools that address
supply chain vulnerabilities, common cause and common access cyber-attacks, and response
and recovery to cyber-attack.

e Develop and demonstrate cyber secure wireless technology architectures that enable the
use of advanced sensors, actuators, controllers, etc. — architectures that are resilient to
cyber-attacks, jamming, and other man-made failure mechanisms.

Applications not of interest include general cybersecurity solutions for information technology, I&C
components and systems or wireless architectures, not specific to the nuclear power sector.

Questions — Contact: Rebecca Onuschak, rebecca.onuschak@nuclear.energy.gov

i. Envisioning Distributed Nuclear Generation and Reactor Siting Considerations for Integrated Energy
Systems
DOE is seeking applicants to develop concepts for integrating advanced nuclear reactors into both existing
sites and new construction or developments. Concepts will be developed taking into account generic design
requirements that require established regulations or make a case for updating regulations. The applicant
should develop design requirements, with consultation or review of available data from a variety of reactor
vendors, that account for physical space for equipment, installation, maintenance, control and operating
concepts, refueling (or core replacement), and safety; physical security; required setbacks; shielding; thermal
distribution and storage systems; electrical distribution components; and cooling components for normal
operation and loss of load. The applicant will select an application and assess the thermal and electrical
requirements, including thermal and electrical load operating schedule and dynamics. The applicant will
determine an appropriately sized/type of reactor and thermal distribution system if applicable. Utilizing
publicly available or calculated specifications for the reactor, the applicant will develop generic design
requirements for installing a reactor addressing installation, regulatory or suggested modified regulatory
requirements, safety, operations, control, and maintenance. The applicant will use existing plans and drawings
for an integrated industrial plant, neighborhood, and/or large building or campus to demonstrate the
feasibility of integrating an advanced reactor into these locations while meeting design requirements. Three
dimensional renderings will be used to demonstrate the final design concept, with views that highlight the
design aspects that address requirements. The final product will include rationale for any modifications
needed to regulatory requirements.

Potential applications include:
e residential / commercial cogeneration (new developments with district heating/cooling)
e scenarios accounting for great adoption of plug-in hybrid and electric vehicles.
e large building / campus cogeneration (with existing thermal distribution systems)
e data centers
e industrial parks and industrial applications including refining, minerals, paper/wood/biomass,
synfuel production
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e large-scale energy users such as automobile manufacturing, steel, aluminum, ammonia, chlor-alkali
plants

Questions — Contact: Jason Marcinkoski, Jason.Marcinkoski@nuclear.energy.gov

j. Small Modular Reactor Capabilities, Components, and Systems

Improvements and advancements are needed to address capabilities, components, and systems that might be
deployed in small modular reactor (SMR) designs. The economics of SMRs depend on fewer and smaller
components, smaller site footprints, and reduced operations and maintenance requirements as compared to
the existing fleet. Concepts that can potentially improve SMR plant capability and performance while reducing
capital, construction, operations, and maintenance costs are sought through this work scope. The proposed
technology or capability should demonstrate and support improved functionality and efficiencies in SMR-
specific plant operation and maintenance processes. Proposed technology improvements can be applicable to
any SMR design types (e.g., light water, liquid metal, gas, and molten salt cooled) and to both electrical or
non-electrical uses but should be available on a timeframe to support SMR deployments in the early 2030’s
and compatible with an SMR design currently under development. A wide range of technology areas may be
considered, but the associated improvement(s) should specifically support or enhance the benefits offered by
either a specific SMR or SMR type, or by SMRs as a class.

Applications that address the following technology development areas are NOT of interest for this subtopic
and will be declined: new small modular reactor design concepts, instrumentation and control capabilities
(unless the proposed technology is convincingly unique to SMRs), sensors, remote operations concepts, fuel
design & development, and spent fuel storage & handling.

Questions — Contact: Melissa Bates, Melissa.Bates@nuclear.energy.gov

k. Microreactor Applications, Unattended Operations, and Cost-Reduction Technologies

Improvements and advances are needed in support of novel applications, unattended operations, and cost
reduction technologies that support wide-spread deployment of microreactors. Microreactors are a
crosscutting class of very small reactors that are factory fabricated, transportable, and self-regulating.
Microreactors are not defined by power output, but in most cases produce on the order of ones to tens of
megawatts-electric. Given their size, they are ideal for novel applications that are “off-grid by circumstance”:
those which require substantial local power to areas where either there is no grid access or where fuel
transportation is challenging/ undesirable, such as remote communities, resource extraction sites, Electric
Vehicle charging stations, and disaster relief sites. Microreactors are ideal as well for applications which are
"off-grid by design”: those which require highly reliable power or local ownership/control of the power source,
such as hospitals, data centers, airports, shipping ports, desalination plants, manufacturing facilities, industrial
and district heating, and other critical infrastructure which may be vulnerable to natural or intentional
disruption.

There is a strong desire to improve integration with applications, reduce costs, and enable wider use of
microreactor technology. Therefore, this topic seeks new and innovative technologies that support
microreactor deployment or application integration in the following areas:

e Civilian applications requiring 100’s of kW to MW-scale power in the form of heat or electricity
to support remote or non-remote uses. These applications should specifically highlight the
need and value of having a reliable source of energy provided by microreactors and have
significant potential market opportunities. These applications should represent the utilization
of the energy, not generation.
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e Technologies that support unattended and remote operations of microreactors and minimize
on- site highly trained personnel, operators, and maintenance staff. The technologies should
not be microreactor design-specific but may need to consider the operational characteristics
of microreactors. Ultimately, the staffing targets for microreactors are 0.5-1.5 FTE/MW.

e Technologies that can result in significant reductions in microreactor costs that can expand
their applications by increasing their competitiveness with other energy sources. The
technologies should not be microreactor design-specific but should provide microreactor
hardware, system, and operation cost reductions.

Applications that address the following technology development areas are NOT of interest for this subtopic
and will be declined: new microreactor concepts, non-civilian applications of microreactors, radioisotope

power source applications.

Questions — Contact: Diani Li, Diana.Li@nuclear.energy.gov

I. Advanced and Small Reactor Physical Security Cost Reduction

Advanced and small nuclear reactors will not be competitive with other electrical generation sources unless
they are able to drastically reduce physical protection costs. Both intrinsic and extrinsic design features should
be considered that can significantly reduce either the up-front capital costs or the operational costs. For
example, advanced reactors may be able to rely more on local law enforcement than on-site security
personnel. Applications are sought for new ideas or revitalization of past work that has evaluated physical
security cost reductions, including new physical protection approaches and the use of new technologies.
Preparation of commercial modeling and simulation tools used for security performance assessments to
evaluate those approaches will help nuclear vendors with licensing efforts.

Questions — Contact: Savannah Fitzwater, savannah.fitzwater@nuclear.energy.gov

m. Materials Protection Accounting and Control for Domestic Fuel Cycles

The Materials Protection, Accounting, and Control Technologies (MPACT) program supports the U.S. advanced
nuclear fuel cycles technology developers to effectively and economically address nuclear materials control
and accounting (MC&A) requirements. MPACT is seeking grant applications that develop MC&A technologies
with application to the front and back-ends of the nuclear fuel cycle. Examples include technologies that can
guantitatively or qualitatively measure Special Nuclear Material (SNM) during fuel fabrication, reprocessing,
storage, and in waste forms. Applications for both discrete and continuous measurement capabilities are
sought.

Grant applications that address border security, nuclear forensics, nuclear medicine, personnel dose
monitoring, nuclear weapons related R&D, or remote monitoring are not sought.

Questions — Contact: Tansel Selekler, tansel.selekler@nuclear.energy.gov

n. Advanced and Small Reactor Material Control and Accounting Modernization

Material Control and Accounting will be a critical aspect of operations in future advanced and small nuclear
reactors, particularly given the variety of future types and forms under consideration. Applications are sought
for improved and modernized mass and material tracking software to reduce costs, improve usability, and
increase effectiveness associated with mass and material tracking systems to support material control and
accountability (MC&A) requirements for future advanced and small nuclear reactors. Additional information
on MC&A work already completed through the Office of Nuclear Energy’s Advanced Reactor Safeguards
Program can be found at energy.sandia.gov/ars.
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Questions — Contact: Savannah Fitzwater, savannah.fitzwater@nuclear.energy.gov

o. Risk Informed Licensing

The existing fleet of light water reactors (LWRs) were licensed for operation based on deterministic rules and
analyses which were intentionally conservative to overcome multiple uncertainties associated with
phenomenology of processes that nuclear systems would experience under accident conditions. Later, risk
considerations were introduced into the reactor oversight process, an important aspect that allowed better
understanding of nuclear safety risks and prioritization of risk-important aspects. However, metrics adopted to
measure LWR risks, such as core damage frequency (CDF) and large early release frequency (LERF), allow only
a partial understanding of potential consequences that could emerge from a nuclear incident. The actual
consequence is the potential harm to the surrounding population and environment which is expressed as a
radiation dose. Determination of radiation doses from a variety of potential nuclear accidents is a very
complex and lengthy process since it involves many deterministic and probabilistic analyses. Given such
complexity, the LWR fleet has not adopted “radiation dose” as the risk measure and continues to rely on
surrogate metrics, CDF and LERF, instead. Surrogates like LERF contain underlying conservatisms and gross
simplifications imbedded in the calculations because (1) it is derived indirectly from actual population safety
goals and (2) it was considered using models and computers from ~30 years ago. These conservatisms are
necessary because of the practice of “bounding assessments” where instead of evaluating the full spectrum of
scenarios, only a subset of scenarios is considered, and these selected scenarios are made intentionally
conservative to cover the rest of the spectrum.

While this approach served the commercial nuclear industry well over the past decades, advancements in
scientific understanding of phenomena and significant improvements in modeling and simulation capabilities
make it possible to progress from the simplified bounding phenomenology modeling to explicit analyses. It is
now possible to analyze the impact of consequences in a less conservative, more direct fashion using modern
computational approaches. This strategy is already embraced by the advanced nuclear reactor community as
part of the Licensing Modernization Project endorsed by the Nuclear Regulatory Commission (NRC) in RG-
1.233. The vision of the full spectrum risk assessment can be achieved with the support of novel
methodologies and approaches for modeling and simulation (M&S). These advanced M&S tools will allow for
the simplification of accident scenario modeling and evaluation by combining numerous assessments into an
integrated framework.

Applications are sought for M&S tools that will be capable of supporting one or multiple evaluations in the
following areas:
e Dynamic risk modeling with physics-based assessments integrated into the scenario progression
simulation
e Evaluation of a release of radiological constituents from nuclear fuel damaged during simulated
accidents (source terms analysis)
e Evaluation of phenomena of radiological material distribution from a nuclear facility to the
environment

Questions — Contact: William Walsh, william.walsh@nuclear.energy.gov

p. Software Development for Digital I&C System Risk Assessment and Design Optimization

Digital instrumentation and control (DI&C) systems at nuclear power plants (NPPs) have been proven to be
more reliable, cheaper, and easier to maintain given obsolescence of analog components. However, they also
pose new engineering and technical challenges including the potential common cause failures (CCFs) unique to
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safety-critical DI&C systems. Adding diversity within a system or components is the main means to eliminate
and mitigate CCFs, but diversity also increases plant complexity and errors and may not address all sources of
systematic failures. How to optimize the diversity and redundancy for safety-critical DI&C systems remains a
challenge.

The DI&C Assessment project within the Risk-Informed Systems Analysis (RISA) pathway of the Light Water
Reactor Sustainability (LWRS) program has developed an integrated risk assessment framework to support
vendors and utilities with optimization of design solutions from economical perspectives while still achieving
risk-informed safety requirements. This integrated risk assessment framework includes both qualitative

hazard analysis and quantitative reliability and consequence analysis for addressing software CCF in the safety-
critical DI&C system. It offers a capability of design architecture evaluation of various DI&C systems to support
system design decisions and diversity and redundancy applications.

Applications are sought for the development of a common and a modularized software platform for DI&C
designers, software developers, cybersecurity analysts, and plant engineers to efficiently predict risk and
reduce cost in the early design stage of DI&C systems. This software platform should be able to process and
transfer quantitative and qualitative data to realize the comprehensive capabilities of the integrated
framework including (1) identifying software failures in the unit-level interactions inside of a digitalsystem, (2)
qguantifying software failure probabilities based on suitable software reliability methods, and (3) integrating
with probabilistic risk assessment and cost analysis models. A user-friendly interface shouldbe designed to
reduce the difficulty and complexity in the application of the comprehensive framework. Sufficient and
concise information should be provided to users to support DI&C system risk assessment and design
optimization.

Questions — Contact: William Walsh, william.walsh@nuclear.energy.gov

g. Plant Modernization

Improvements and advancements are needed to address nuclear power plant economic viability in current
and future energy markets through innovation, efficiency gains, and business model transformation. This
includes transformative digital technologies that results in broad innovation and business process
improvement in the nuclear light water reactor fleet’s operating model. The modernization of plant systems
and processes will enable a technology-centric business model platform that supports improved performance
at lower cost, contributing to the long-term sustainability of the Light Water Reactor (LWR) fleet, which is vital
to the nation’s energy and environmental security. 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 modernization requires
improved process automation, machine 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:

e Artificial intelligence/machine learning technologies are sought for troubleshooting and
diagnosing nuclear plant operational problems to improve the timeliness and effectiveness of
response to emergent degraded conditions. These technologies should enable significant
savings in engineering and technical support costs while addressing model explainability
concerns. These technologies should be able to integrate into plant processes for automated
assessment and correction, including corrective action program, risk management, and work
management functions. Further, the technologies should enable third party outsourcing of
trouble shooting and diagnosis through data sharing and remote collaboration capabilities.
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e Digital twin technologies for operating nuclear plants are sought to reduce costs in plant
monitoring and performance deviation detection. These technologies are intended to enhance
operational monitoring by detecting anomalies much lower than instrument setpoints,
validating them as real plant phenomena verses sensor malfunctions, determining the deviation
trend rate, and identifying the degraded component. The technologies will differentiate cascade
effects in connected plant systems from the system with the degraded component. The logic of
the digital twin will be transparent and immediately available for rapid verification by plant
operators and support staff.

e Self-diagnosis and health monitoring technologies for nuclear plant components are sought for
elimination of plant surveillances and other forms of periodic testing, enabling exclusive use of
condition-based monitoring for applicable classes of plant components. For these components,
all credible failure modes will be addressed, with condition status transmitted on a user-
specified frequency. The condition information will support real-time risk monitoring and
operational determination. These technologies should be able to integrate into plant processes
for automated assessment and correction, including corrective action program, risk
management, and work management functions.

Questions — Contact: William Walsh, william.walsh@nuclear.energy.gov

r. Light Water Reactor Central Alarm Station Simulator Based Human Factors Studies

Simulators provide a platform to train and evaluate responses to a variety of scenarios to better prepare for
real world responses. The simulators created by Central Alarm System (CAS)/Secondary Alarm System (SAS)
vendors provide the opportunity for a new research area in human factors studies. Applications are sought for
CAS operators, in possible partnership with a company or university with a strong human factors’ component,
to integrate their CAS/SAS simulators with security modeling visualizations to engage in full-scope human
factor studies with the ultimate goal of moving force-on-force exercises to an augmented reality/simulated
environment.

Questions — Contact: Savannah Fitzwater, savannah.fitzwater@nuclear.energy.gov

s. Develop or Improve Small Scale Mechanical Testing Techniques to Provide Size-independent Material
Properties of Alloys in a Nuclear Power Plant Environment
Reactor metallic materials are subjected to a challenging core environment with complex mechanical loads,
corrosive coolant, and intensive neutron irradiation during operation. As a result, the mechanical properties
and service performance of reactor metals can degrade considerably over time. To assure the long-term
sustainability and reliability of light water reactors, the extent of materials degradation must be evaluated
guantitatively with well-designed tests and relevant materials. Currently, most mechanical tests require full-
scale, engineering-size samples to assure the adequate constraints and statistical significance. This imposes a
significant challenge for testing neutron-irradiated materials which are highly radioactive and difficult to
handle experimentally. Heavily shielded facilities with strict controls are often required for testing such
samples. Thus, mechanical test methods with small-scale samples are highly desirable from both economic
and technical stand points. With the rapid development of digital and sensor technologies in recent decades,
new opportunities have become available to minimize the test samples. Applications are sought to develop or
improve the mechanical testing techniques to provide tensile, creep, fatigue, impact toughness, fracture
toughness, and stress corrosion cracking properties with miniature specimens to provide size-independent
material properties. Coordinated effort with continuum models and simulations are encouraged.

Questions — Contact: Sue Lesica, Sue.Lesica@nuclear.energy.gov
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t. Cost of Construction and Installation of Advanced Reactor Technologies for Industrial Purposes

Nuclear reactors are an attractive technology to power multiple applications, particularly hydrogen, synthetic
fuels, polymers, chemicals, minerals production, refineries, and district heating, where clean, reliable energy,
or high-quality heat is needed with very high availability. Nuclear reactors offer the ability to provide heat and
electricity at the location where it is needed, greatly reducing the cost to transmit/distribute energy. For
commercial deployment in these areas, it is critical for nuclear reactors to provide a competitive cost of heat
and electricity with incumbent and advanced technologies with no compromise in durability and robustness of
designs. Cost is one of the fundamental drivers for enabling commercialization of technologies.

Proposed projects should define the current state-of-the-art in key areas, develop and refine system
configurations and designs over time, and identify technology gaps. Cost analysis should identify
manufacturing and construction efficiencies and economies of scale based on production rates ranging from 5
GW/year to 30 GW/year.

DOE recognizes that third party cost analysis will have limited access to proprietary information and cannot be
leading experts in all aspects of the work, thus applications should include opportunities and mechanisms to
obtain up to date information from commercial industry as a whole and subject matter experts in industry and
research communities.

Applications are sought for the development of cost analysis focusing on either reactor and fuel
manufacturing cost, or reactor installation cost:

e Reactor and Auxiliary Component Costs—Proposed projects will develop a detailed reference
design that focuses on a single reactor type, based on an understanding of the design
requirements, and an engineering approach to meeting those requirements derived from open
literature, patents, and engineering analysis. Once a cost-representative design is established,
the methods for manufacturing the reactor and auxiliary components will be developed in detail
to establish the basis for a manufacturing cost estimate. Proposed projects should define the
current state-of-the-art in key areas, develop and refine system configurations and designs,
provide guidance on R&D gaps, and provide results that help direct future R&D priorities in the
implementation of nuclear technologies. The cost of the reference design will be based on
thorough understanding of manufacturing processes likely to be used in various production
rates. Manufacturing cost will include, but is not limited to: Equipment costs, Labor, Materials
(including reactor fuel), and Energy.

e Reactor Installation Costs—Proposed projects will develop a reference cost-representative plan
for the on-site construction and installation of advanced reactor technologies with connections
necessary for industrial applications. It is expected that proposed projects will develop a
detailed reference design that focuses on an industrial process heat application and installation
based on development of application requirement definitions addressing anticipated safety,
physical security, thermal and electrical demands, and operational and regulatory needs. Once
the reference design is established, the methods for construction and installation will be
developed in detail to establish the cost to install an integrated nuclear system for the chosen
application. The cost of the reference design will be based on thorough understanding the
installation process and parameters (e.g., to determine excavation time, equipment, labor,
energy) through the use of references, experience, and engineering judgement justifying the
underlying assumptions made. Cost of construction and installation of the coupled system will
include but is not limited to:

Site specific Architecture / Engineering, Equipment costs, Labor, Materials, Fuel, Licensing,
Management, Construction bonds / Insurance, and Financing.
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Questions — Contact: Jason Marcinkoski, Jason.Marcinkoski@nuclear.energy.gov

u. Process Models and Economics for Nuclear Power-Integrated Industrial Applications

A key strategy for economy-wide decarbonization is expanding the use of nuclear energy beyond the electric
grid. Several candidate industrial processes, such as refineries, polymers, minerals processing, ammonia, pulp
and paper, and industrial/district heating/combined heat and power, have been identified as having high
concentrated energy demand where nuclear plants could provide a direct, clean, reliable source of carbon-
free heat and/or electricity. Applications are being sought for the detailed analyses that are needed to model
the through-put of unit operations for these candidate processes and assess the capital equipment cost for
thermal and electrical distribution infrastructure and industrial plant integration. The desired outcome of this
work is at least one reference process models for integrating nuclear heat and electricity into industrial
applications.

Completion of this work will require a thorough understanding of the existing processes to determine which
combustion processes can be replaced with heat from nuclear reactors and/or nuclear generated electricity
(for upgrading heat), which electrical processes can use nuclear generated electricity, and which mechanical
processes can be electrified or otherwise driven with nuclear heat. Applications should identify the reactor
type that is best suited to supply energy for the application chosen, based on the size of the reactor, the
guality of heat required, ability to upgrade the heat, and the maturity of reactor technologies.

Questions — Contact: Jason Marcinkoski, Jason.Marcinkoski@nuclear.energy.gov

v. Advanced Technologies for the Fabrication, Characterization of Nuclear Reactor Fuel

Improvements and advances are wanted for the fabrication, characterization, and examination of nuclear
reactor fuel. Advanced technologies are sought for light water reactor fuels and for Advanced Reactor fuels for
sodium cooled fast reactors.

e Provide new innovative accident tolerant LWR fuel cladding/assembly concepts that have the
potential to support achieving very-high fuel burnups (viz. greater than 100,000 MWD/MTU peak
pin average burnup). Improvements to LWR fuel and cladding may include but not be limited to
fuel constituents or fabrication techniques to improve the overall performance or
characterization techniques to improve understanding of performance of the nuclear fuel
system. Cooperation is strongly encouraged with a national lab or other entity with fuel
fabrication capabilities, as production of a prototypic samples for irradiation would be required
for any follow-on phase.

e Develop and/or demonstrate improved fabrication methods for sodium fast reactor fuels and
cladding materials, especially for uranium and plutonium based metallic fuels. Manufacturing
features of interest include methods to eliminate sodium bonding, produce advanced cladding
compositions, methods to apply liners, and fuel slug production processes taking into account
retention of volatile constituents associated with reuse as well as special additives or “getters.”

e Provide improved fabrication techniques or characterization techniques for silicon carbide
accident tolerant LWR fuel cladding and fuel structures to improve the overall fuel performance.
Cooperation is encouraged with a national lab or other companies with fuel fabrication
capabilities, since the production of a prototypic sample for irradiation would be required for
any follow-on phase.

Grant applications may use non-fueled surrogate materials to simulate uranium, plutonium, and minor
actinide bearing fuel pellets.
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Questions — Contact: Frank Goldner, Frank.Goldner@nuclear.energy.gov

w. Advanced Sensors and Instrumentation (Crosscutting Research)

Applications are sought for the Advanced Sensors and Instrumentation (ASI) program regarding the
development of innovative technologies that support: the existing fleet of nuclear reactors, including
materials test reactors; the development of advanced reactor concepts and the acceleration of advanced fuel
cycle technology commercialization. The proposed sensors and instrumentation should demonstrate greater
accuracy, reliability, resilience, higher resolution, and ease of replacement/upgrade capability for applications
in the nuclear environment, while striving to reduce operations and maintenance (O&M) costs. The proposed
technology should be applicable to multiple reactor concepts or fuel cycle applications, i.e., crosscutting.

Applicants should focus on the following areas:

o Develop and demonstrate innovative sensors and instrumentation that can reliably operate in
the nuclear reactor core, primary and secondary coolant loop or other relevant plant systems.
All sensors/instrument technologies should be developed to be operable with consideration for
harsh environmental conditions (i.e., temperature, pressure, corrosion, radiation). Irradiation
experiments in Material Test Reactors should be considered as the preferred method for the
technology demonstration and the definition of design requirements for near term deployment.
The following are some examples of technical areas of interest: distributed or multi-point
measurement of operational conditions (neutron and gamma-ray flux, temperature, pressure,
fission gas products, fluid flow rate) or material behavior (stress/strain, deformation, thermal
conductivity).

e Advanced control systems that increase nuclear plant system reliability, availability, and
resilience including the ability to detect and manage faults in instrumentation and control (I1&C)
systems and plant components; state of the art control rooms, control systems, and plant
control technologies. The project outcomes must enable semi-autonomous and remote
operation, and advanced automation.

Applications that address the following areas are NOT of interest for this subtopic and will be declined unless
crosscutting capabilities are demonstrated as part of the submission: nuclear power plant security (e.g., cyber,
physical, etc.); homeland defense or security; reactor building/containment enhancements; radiation health
physics dosimeters (e.g., neutron or gamma detectors); radiation/contamination monitoring devices; U. S.
Nuclear Regulatory Commission (NRC) probabilistic risk assessments or reactor safety experiments, testing,
licensing, and site permit issues; special nuclear materials (SNM) monitoring and non-proliferation;
technologies that support nuclear weapons research & development.

Questions — Contact: Daniel Nichols, daniel.nichols@nuclear.energy.gov

For more information on the ASI program visit https://www.energy.gov/ne/nuclear-energy-enabling-
technologies & https://www.ASl.inl.gov

x. Other
In addition to the specific subtopics listed above, the Department invites grant applications in other areas that
fall outside the scope of the topic descriptions above.

Questions — Contact: JoAnne Hanners, joanne.hanners@nuclear.energy.gov

C56-41. ADVANCED TECHNOLOGIES FOR NUCLEAR WASTE
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Maximum Phase | Award Amount: $200,000 Maximum Phase Il Award Amount: $1,100,000
Accepting SBIR Phase | Applications: YES Accepting STTR Phase | Applications: YES
Accepting SBIR Fast-Track Applications: NO Accepting STTR Fast-Track Applications: NO

The US DOE-NE, Office of Spent Fuel and Waste Science and Technology, is conducting research in long-
term storage, transportation, and eventual disposal of spent 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. Disposal Research

Assessments 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 transport into and through the geosphere. Science, engineering, and
technology improvements may advance our understanding of waste isolation in generic deep geologic
environments and will facilitate the characterization of the natural system and the design of an effective
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 natural systems 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 and
R&D opportunities that focus on current technologies. DOE invites applications:

¢ 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 safety of a nuclear waste repository).

e Addressing applications of state-of-the-art uncertainty quantification and sensitivity analysis
approaches to coupled-process modeling and performance assessment which contribute to a better
assurance of barrier system performance and the optimization of repository performance.

e Reducing uncertainties in data and in models currently used in geologic repository performance
assessment programs.

Research applications are sought to support the development of materials, modeling tools, and data relevant
to permanent disposal of spent nuclear fuel and high-level radioactive waste for a variety of generic mined
disposal concepts in clay/shale, salt, crystalline rock, and tuff. Key research contributions for the disposal
portion of this activity may include one or more of the following:
¢ Improved understanding of waste package failure modes and material degradation processes (i.e.,
corrosion) for heat generating waste containers/packages considering direct interactions with
canister and buffer materials in a repository environment leading to the development of improved
models (including uncertainties) to represent the waste container/package long term performance.

¢ New concepts or approaches for alleviating potential post-closure criticality concerns related to the
disposal of high-capacity waste packages. Development of models and experimental approaches for
including burn-up credit in the assessment of the potential for criticality assessment for spent
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nuclear fuel permanently disposed in dual- purpose canisters that are designed and licensed for
storage and transportation only.

e Development of pertinent data and relevant understanding of agueous speciation, multiphase
barrier interactions, and surface sorption at elevated temperatures and geochemical conditions
(e.g., high ionic strength) relevant to deep geologic disposal environments.

¢ |dentification and assessment of innovative and novel buffer materials, new methods and tools for
multi- scale integration of relevant repository characterization data (including hydrological, thermal,
transport, mechanical, and chemical properties), new approaches for imaging and characterization
of low permeability materials, state-of-the-art tools and methods for passive and active
characterization and monitoring of engineered/natural system component properties and failure
modes and their capability to isolate and contain waste.

Questions — Contact: Prasad Nair, Prasad.Nair@nuclear.energy.gov

b. Storage & Transportation R&D

Spent nuclear fuel (SNF) will continue to be stored, typically in dry cask storage systems, until a determination
on final disposition is made. Over 90% of dry cask storage systems in the United States are welded dry storage
canisters (DSC), typically on the order of 5/8-inch thick (Type 304 or 316) stainless steel, emplaced in either
concrete or metal overpacks. The U.S. Nuclear Regulatory Commission has identified key safety functional
areas for storage, including retrievability, thermal performance, confinement, radiation protection, and
subcriticality. It is important to demonstrate that these safety functions are met during extended storage and
after transportation.

Accordingly, the Storage and Transportation division is tasked with developing the technical bases to
demonstrate spent fuel integrity for extended storage periods, to ensure fuel retrievability and transportation
after extended storage, and to transport high burnup fuel. The areas of highest priority for the mission are
described in the following document: Teague et al. 2019, ‘Gap Analysis to Guide DOE R&D in Supporting
Extended Storage and Transportation of Spent Nuclear Fuel: An FY2019 Assessment’, SAND2019- 15479R,
which can be found at https://www.osti.gov/servlets/purl/1592862. Applications are sought for developing
novel technologies that support our endeavors in the areas described therein, including i) Chlorine Induced
Stress Corrosion Cracking in the Canister Wall, ii) Canister Internal Environment Monitoring, iii) Fuel Cladding
Degradation, iv) Stresses and Strains on Fuel Bundle Components due to Transportation or Seismic Loads, or v)
other areas.

Questions — Contact: John Orchard, John.Orchard@nuclear.energy.gov

c. Salt Vapor Trap + Reversible Chlorine Gas Absorber Technology for Recovery and Recycle of Chlorine
Several molten chloride pyrochemical processes for recycling solid and molten chloride reactor fuels involve
the generation of chlorine gas such as electrolytic separations processes and conversion of fission product
metal chlorides to metal phosphates. When the evolved chlorine gas has been enriched in 3’Cl or contains 3°Cl
(formed from 3°Cl) it is essential to recover and recycle the chlorine to the molten chloride process salt or to
new molten chloride reactor fuel. Therefore, there is a need for a remotely handled turnkey chlorine gas
absorber system that can remove chlorine gas from an Ar/Cl, gas mixture that may also contain metal chloride
vapor such as LiCl, KCl, or NaCl. For gas streams that contain chloride salt vapor, a two-stage cartridge system
that traps salt vapor in the first stage and absorbs chlorine gas in the second stage. The chlorine gas absorber
cartridge must be able to store and later release the absorbed chlorine as chlorine gas into a gas stream and
regenerate the absorber material. One possible chlorine absorber is CuCl which reacts with Cl2at ambient
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temperature to form CuClz. At higher temperatures, the CuCl2 decomposes to give Clzand CuCl. This project
includes both the design of the cartridge-based system as well as development of the reversible chlorine
absorber material.

Questions — Contact James Wilit, james.willit@nuclear.energy.gov

d. High Durability, Low-Cost Sorbents and Waste Form for lodine Capture and Immobilization

To ensure the safe disposal of radioiodine nuclear wastes, a durable iodine wase form is required. The
development and performance of many different types of sorbents to capture iodine have been researched
for decades. Optimally, the path from the trap to the waste form should be simple and straight forward.

This application is seeking a highly durable, low-cost iodine waste form for iodine loaded materials. The
desired waste form should be environmentally stable with a disposition pathway for iodine-loaded materials.
Emphasis on maximizing iodine loading while minimizing the overall waste form volume should be considered.
Emphasis for materials concepts that provide options for recycling high-expense metals from sorbents should
also be considered. Specific scope items include:

e Develop metal-exchanged sorbents for iodine capture under prototypical off-gas conditions

e Develop and demonstrate chemical processes for recycle of iodine-loaded sorbents ((i.e., to remove
iodine and recycle the base sorbent)

e Characterize materials for both chemical durability and environmental stability

Questions — Contact: Kimberly Gray, Kimberly.Gray@nuclear.energy.gov

e. Crucible Materials for Phosphate Waste Glass Melts

The properties of phosphate glasses and melts vary with concentrations of chemical additives. Some
advantages of phosphate glasses over other nuclear waste glasses are the relatively high solubility of chemical
components that tend to be sparsely soluble in silicate melts and relatively low melting temperatures.
However, phosphate glasses tend to be less chemically durable, more susceptible to devitrification and more
corrosive to process materials. This corrosive nature of phosphate melts leads to significant interactions with
the crucible during the final processes of phosphate waste form development. Unwanted crystal formation
can occur and lead to a reduction in the waste form performance and processing issues. Evaluation of crucible
materials is needed to provide information for potential process equipment. Specific scope items include:

e Determine how the various crucible materials react with phosphate melts

e Evaluate corrosion resistance of various metal crucibles as well as high silica crucibles in phosphate
melts at high temperature

e Determine thermal properties and thermal limits for the phosphate glass

Questions — Contact: Kimberly Gray, Kimberly.Gray@nuclear.energy.gov

f. Optimize the Kr/Xe Capture Process to Reduce Cost for the Overall Process
The adsorption separation cycle for noble gases (Xe and Kr) requires a semi-batch process and relatively large
equipment. A continuous separation process could reduce equipment size substantially and simplify
operations. Ideas for maximizing noble gas capture, Xe/Kr separations efficiencies, and minimizing costs are
the goal of this call. Specific scope items include:

e Develop a process capable of Kr/Xe separation/concentration from air and complete proof of

concept testing.
e Develop and test bench scale continuous process to include simulation of stagewise concentration.
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e Demonstrate small pilot-scale with stable Kr gas mixtures, emulating expected used nuclear fuel
reprocessing conditions.

Questions — Contact: Kimberly Gray, Kimberly.Gray@nuclear.energy.gov
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