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The University Training and Research (UTR) program research portfolio supports novel, early-stage research at U.S. colleges
and universities that advances the Office of Fossil Energy and Carbon Management (FECM) mission of delivering integrated
solutions to support the achievement of net-zero or net-negative greenhouse gas emissions.

By investing in the education and training of America’s future scientists and engineers, this program highlights the key
role technology plays in addressing America’s energy challenges, promotes the development of innovative and disruptive
technologies, and reinforces workforce development as a part of our nation’s continued economic prosperity. With a special
emphasis on diversity and inclusion, the UTR program provides opportunities for traditionally underrepresented communities
in STEM fields

The University Training and Research program supports the Historically Black Colleges and Universities and Minority Serving
Institutions (HBCU-MSI) and the University Carbon Research (UCR) programs. The core mission of both programs is the
following:

e To educate and train the next generation of engineers and scientists to help develop and contribute to a highly skilled,
inclusive, and competitive U.S. workforce and economy

e To support novel, early-stage research at U.S. colleges and universities that advances the Office of Fossil Energy and
Carbon Management’s mission of delivering integrated solutions related to fossil energy and carbon management and
enable transformation to a sustainable, low-carbon energy future

e To increase research and development (R&D) opportunities for traditionally underrepresented communities within the
United States and tap into the innovative and diverse thinking of student researchers at minority-serving institutions

e To ensure that students are being equipped with cutting-edge, translatable skill sets that will allow them to contribute to
the U.S. workforce and greater economy over the course of a long and enduring career.

Between fiscal years 2010 and 2022, the UTR program made 140 R&D awards valued at more than $47.6 million and helped
to support 455 students at various stages in their academic careers, including undergraduate, master’s, and PhD levels.

The UTR program conducts a nationwide competitive solicitation each year. Research and development projects are
awarded as grants ($250-750K) with a typical duration of 2-3 years. This educational outreach initiative enhances DOE’s
ability to develop and sustain a national program of university research that seeks technology development to reduce carbon
emissions and also train the workforce of the future that is prepared to address the global challenge of climate change.

FUNDAMENTAL AND APPLIED RESEARCH

The program provides a mechanism for cooperative research among minority-serving institutions, the private sector, and
Federal agencies. The central thrust of the program is to generate fresh ideas and tap unique talent, define applicable
fundamental scientific principles, and develop advanced concepts for generating new and improved technologies across
the full spectrum of fossil energy and carbon management R&D programs. Since its inception, the program has emphasized
improving the capabilities of next-generation environmentally sustainable energy systems. The program supports FECM’s
strategic vision of advancing justice, labor and engagement, carbon management approaches toward deep decarbonization,
and technologies that lead to sustainable energy resources.

ADVANCING JUSTICE, LABOR, AND ENGAGEMENT

A common thread running through all FECM programs, and a key focus of UTR is a commitment to incorporating justice
principles throughout, including a just distribution of benefits and an emphasis on remediating legacy harms while mitigating
new impacts. FECM will also implement, support, and expand robust labor engagement in disadvantaged communities,
empowering them to implement place-based solutions that address their unique resources and needs.

CURRENT RESEARCH THRUSTS
e The University Training and Research program develops a wide array of technologies. Current development efforts are
aligned with the FECM Strategic Vision:



¢ Point-Source Carbon Capture (PSC): reduce the cost, increase the efficacy, and advance deployment of commercial-
scale PSC technologies in the power and industrial sectors

e CO, Conversion: accelerate capabilities for large-scale conversion of CO, into products advancing net-zero and justice
goals, facilitated by markets for CO, as a feedstock

e Carbon Dioxide Removal (CDR): diverse approaches supporting DOE’s Carbon Negative Shot, addressing emissions
from hard-to-decarbonize sectors and eventually legacy emissions

¢ Reliable Carbon Storage and Transport: advance storage technologies and transport mechanisms and support
large-scale transport and storage facilities and regional hubs

e Hydrogen with Carbon Management: develop hydrogen production from sustainably sourced carbon-based
feedstocks coupled with carbon capture and storage; hydrogen storage; reversible solid oxide fuel cells; and hydrogen-
fired generating turbines

e Domestic Critical Minerals (CM) Production: develop and demonstrate technologies for extraction and remediation
to processing and refining CM for a strong supply chain and good jobs

e Methane Mitigation: minimize the environmental impacts of fossil energy extraction with a focus on methane emissions

Table 1: UTR Key Technologies—AOIs (Active Projects as of October 1, 2022)

Key Technologies Areas of Interest # of Projects
5G Wireless 1
Advanced Energy Materials Hydrogen Production 1
Supply Chain 2
Algae for Agricultural Applications 2?23;;?&?;?;25;;3;:;8 Algae 2
Carbon Utilization Techno-Economic Analysis/Life Cycle Analysis 5
Energy Asset Transformation Energy Asset Transformation 1
Emissions Control Phytotechnology for Metals-Contaminated Soil 2
Gasification Systems Hydrogen Production 4
5G Wireless 3
Cyber-Physical Systems 1
Cybersecurity for Fossil Power Generation 3
Sensors, Controls, and Emissions Control 5
Other Novel Concepts
Flexible Fossil Power Generation 4
Quantum Energy Systems and Technologies 2
Robotics Automated Inspection 2
Computational Fluid Dynamics 4
Simulation-Based Engineering Hydrogen Production 1
Plant Modeling 4
Storage Infrastructure Infrastructure Self-Assessment 5
Hydrogen Production 1
Water Management , —
Waste-water Contaminants Partitioning 1




HBCU-MSI

For more than 30 years, NETL has supported the HBCU-MSI program, making it one of the longest-running university training
initiatives within FECM. The key objective for HBCU-MSI program includes providing R&D opportunities for traditionally
underrepresented populations in STEM fields. These activities align with the Biden Administration’s Justice40 Initiative,
which seeks to advance environmental justice and revitalize the economies of disadvantaged communities.
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Table 2: HBCU-MSI Key Technologies—AOls (Active Projects as of October 1, 2022)

Key Technologies Areas of Interest # of Projects
Algae for Agricultural Applications g?fgﬂiﬂ&fﬁﬁ)gﬁ;ﬁé:ﬁ Algae 2
Emissions Control Phytotechnology for Metals-Contaminated Soil 2
Gasification Systems Hydrogen Production 3

5G Wireless 2
Sensors, Controls, and Cybersecurity for Fossil Power Generation 1
Other Novel Concepts Flexible Fossil Power Generation 1
Quantum Energy Systems and Technologies 2
Simulation-Based Engineering Plant Modeling 2
Infrastructure Self-Assessment 5
Water Management Hydrogen Production 1
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ALGAE FOR AGRICULTURAL APPLICATIONS

HBCU-MSI

Producing Algal Biomass from Wastewater as Cotton Plant
Fertilizer to Reduce Carbon Footprint

Performer Prairie View A&M University
FE0032203

01/01/2023 - 12/31/2024

Award Number
Project Duration
Total Project Value $ 399,680

Collaborator DE-FOA-0002598

Technology Area

This project aims to investigate and develop how chemical
fertilizer can be displaced with algal biomass for growing
cotton plants to reduce carbon footprint. For this purpose,
we will (i) add essential components in water to maximize
the growth of algae in wastewater using RAB reactor
system; (i) use different spectroscopy and advanced
imaging techniques to measure the carbon uptake and
composition of algal biomass; (iii) evaluate the algal biomass
as biofertilizer for cotton plant growth under varying
environmental conditions to reduce carbon footprint and (iv)
carry out cotton plant growth trials in test plots using varying
amounts of algal biomass and evaluate the environmental
and economic benefits. The project will also carry out

Biological Uptake of CO, Via Algae for Agricultural Applications

a detailed life cycle analysis (LCA) and technoeconomic
analysis (TEA) for the entire process as per the guidelines
of Bioenergy with Carbon Capture and Storage (BECCS).

If the project successfully demonstrates the benefits of
using algal biomass as a biofertilizer to grow cotton plants,
it will increase the TRL from 3 to 5. Additionally, the algal
biomass biofertilizer could reduce root-knot nematode,
alleviate drought stress to cotton plants, improve nutrient
and carbon uptake and increase productivity, benefiting
farmers. Lastly, this project will support graduate and
undergraduate students to develop the skills of minority
students in STEM disciplines.
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HBCU-MSI

ALGAE FOR AGRICULTURAL APPLICATIONS

An Experimental and Computational Approach to
Investigating CO, Uptake of Cellulose-Producing Algae

from Cellulosic Ethanol Product

Performer

Award Number FEO032207

Project Duration 10/01/2022 — 09/30/2024

Total Project Value $ 400,000

Collaborator DE-FOA-0002598

Technology Area

The overall goal of this project is to combine experimental
algal cultures with predictive quantum calculations to
evaluate system-level CO, uptake and conversion efficiency
of cellulose-producing Nannochloropsis sp. Algae. This
project will (1) optimize Nannochloropsis salina (N. salina)
cultures on effluent gas produced directly from cellulosic
ethanol fermentation, (2) characterize the fermentation
products, quantify cellulose production, and calculate CO,
uptake efficiency with predictive quantum calculations, (3)
conduct a life cycle and techno-economic analysis of the
proposed integration, and (4) provide training opportunities

University of California - Riverside

Biological Uptake of CO, Via Algae for Agricultural Applications

to the diverse body of minority students attending UC
Riverside.

If successful, this approach could improve the
understanding of a novel way to capture waste CO, from
ethanol fermentation using algal cultures to produce
microcrystalline cellulose. This project will enable a holistic
educational experience for the researchers and students in
this project to investigate algae-based agricultural benefits
that serve as tangible examples of “real-life” research on
clean energy processes and technologies.
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EMISSIONS CONTROL

HBCU-MSI

Innovative Biomonitoring and Remediation of Heavy Metals
Using Phytotechnologies at the Savannah River Site Coal
Combustion Product Impoundment Sites

Performer Florida A&M University

Award Number FEO032198
Project Duration 01/25/2023 — 01/24/2025
$ 399,528

DE-FOA-0002598

Total Project Value
Collaborator

Technology Area

The objective of the work by Florida A&M University is to
utilize algal- and cyanobacterial-based phycotechnologies
to address pervasive heavy metal contamination from coal
combustion product (CCP) impoundments at the Savannah
River Site. Novel bioindicators will be developed to gauge
the potential for phytoremediation to restore legacy
impoundment sites. This will be achieved by conducting
an environmental diagnostic assessment of ash pond sites,
using metagenomics to identify taxonomic composition
and gene functions of algal communities in sites with
heavy metal contamination, developing an environmental
health index of ash pond sites to predict the success of

Phytotechnology for Metals-Contaminated Soil

remediation strategies, isolating algal-cyanobacterial taxa
and screening them against heavy metals to confirm heavy
metal resistance and/or hyperaccumulation, and populating
artificial intelligence models to develop an
remediation strategy.

iterative

Phytotechnology could be a low-technology solution to
remediate legacy coal ash impoundments. If the project
demonstrates their effectiveness, algae and cyanobacteria
could be applied to reduce the heavy metals concentration
at other impoundments and reduce the risk of metals
exposure for nearby communities and ecosystems.
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HBCU-MSI

EMISSIONS CONTROL

Mapping Soil Contamination from Coal Ash with Remote
Sensing Analysis to Determine the Spatial Distribution and
Impact on Soil Chemisiry of Hyperaccumulator Plant Species

Performer Kentucky State University

Award Number FEO032197

Project Duration 02/01/2023 - 01/31/2026

Total Project Value $ 399,197

Collaborator DE-FOA-0002598

Technology Area

Kentucky State University, in collaboration with Lincoln
University of Missouri and the University of lllinois, propose
a project to map the distribution of soil contamination,
groundwater composition, and spatial distribution
of hyperaccumulator plant species by combining a
comprehensive soil sampling program with GIS remote
sensing methods to image and map changes in contaminant
contents in the plants and soil.

This project will collect a large dataset on how certain plant
species adapted and thrive on highly, polluted reclaimed

Phytotechnology for Metals-Contaminated Soil

sites. The dataset collected will be useful in establishing
relationships between bioaccumulation and plant tolerance.
Second, this project will generate high resolution (field-scale)
and long-term (2023-2026) PPC maps for the target states
(Iinois, Kentucky, and Missouri) using advanced drone and
multi-satellite fusion data and deep learning algorithms for
bioaccumulators. Third, once we fully identify, characterize
the dominant trees, shrubs and grass species at each
contaminated sites, the information derived can be used to
help formulate best management practices for the large-
scale coverage at other similar affected areas elsewhere.
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GASIFICATION SYSTEMS

HBCU-MSI

Multiphysics and Multiscale Simulation Methods
for Electromagnetic Energy Assisted Fossil Fuel to

Hydrogen Conversion

Performer Howard University
FE0032092

09/01/2021 - 08/31/2024

Award Number
Project Duration
Total Project Value $ 399,935

FOA Number DE-FOA-0002398

Area of Interest Hydrogen Production

This project will develop and apply multiphysics and
multiscale simulation methods for efficient electromagnetic
(EM) energy assisted conversion from fossil fuel to low-cost
hydrogen. This will entail the development and investigation
of computational methods in two major thrust areas:

1. Modeling and simulation methods for coupled
multiphysics phenomena involving EM, plasma physics,
thermal and fluid dynamics, and quantum chemistry
across multiple spatial scales from macro, meso,
to microscopic scales and temporal scales from
nanoseconds to minutes.

2. Simulation-guided designs for EM energy assisted
high-throughput, high-yield, and low-cost hydrogen

L %10% nm %10 nm

generation from fossil fuels such as methane and
methanol.

Together, these will be used to target four specific
objectives: (1) understanding 3D structures of catalysts and
their supports; (2) characterization of EM hotspots within
heterogeneous catalysis; (3) multiphysics investigation of
EM energy assisted catalytic active sites enhancement; and
(4) system design and optimization for high-yield and low-
cost hydrogen generation

By developing advanced multiphysics and multiscale
simulation methods, the fossil fuel-to-hydrogen conversion
process can be optimized for both higher yields and lower
costs.

o
x1o7am x10" nm

Example of a successful multiphysics simulation of solid-state battery performed by the PIl. The same type of simulation will
be performed for EM assisted conversion of fossil fuels to hydrogen through the use of a solid-state catalyst. The size of the
simulated battery is 1 ym cubic. a. mesh. b-c. potential and current distribution. d-g. the state of charge at different potentials.

UNIVERSITY TRAINING AND RESEARCH PROJECT PORTFOLIO



HBCU-MSI

GASIFICATION SYSTEMS

Harnessing Plasma Experiments with Quantum Calculation
for Low-Cost Hydrogen Production

Performer
Award Number FEOO032091
Project Duration 08/18/2021 — 08/17/2024
$ 400,000

DE-FOA-0002398

Total Project Value
FOA Number

Area of Interest Hydrogen Production

In response to the pressing need for improved technologies
for clean hydrogen generation, this project will combine
experiment and ab-initio quantum calculations in order to
understand the interaction between methane-containing
plasma and a carbon-based catalyst. Predictive quantum
calculations for the case of a methane plasma impinging
onto a carbon surface will be performed, in addition to in-
situ diagnostic techniques to experimentally characterize
the interaction between the plasma and the carbon surface.
These results of both computation and experiment will be

plasma

hydrogen
evolution

GSitu Plasma Experiments on Hydrogen Productio}

R w M

spectroscopic
characterization

interactions
with surfaces

\ minority participation in computation & experiment /J

4,
)

{({{{

University of California - Riverside

used to leverage the design of an improved process for the
plasma-driven pyrolysis of methane for low-cost hydrogen
production.

The prospect of activating graphite as a catalyst for the
decomposition of methane into hydrogen would open the
possibility of leveraging a readily available resource such as
coal to enable a cost-effective process for the production
of hydrogen from natural gas which is cost competitive with
water electrolysis.

/ Predictive Quantum Calculations \

static DFT ab initia dynam/cs

{({(

Plasma-initiated Processes & Dynamics \

Overall scope and approach for utilizing plasma experiments and quantum
calculations for low-cost hydrogen production from fossil fuels.
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GASIFICATION SYSTEMS

HBCU-MSI

Microwave-Assisted Dehydrogenation of Fossil Fuels Using
Iron-Based Alumina Nanocomposites

Performer University of Texas at El Paso
FEO032086

08/15/2021 — 08/14/2024

Award Number
Project Duration
Total Project Value $ 400,000

FOA Number DE-FOA-0002398

Area of Interest Hydrogen Production

The primary goal of this research is to develop a microwave-
assisted technology for low-cost production of hydrogen
from fossil fuels. The research objectives are: (1) to determine
optimal parameters of solution combustion synthesis for
the fabrication of iron-based alumina nanocomposites
with superior catalytic activity, microwave absorptivity, and
ferrimagnetic properties; (2) to determine the effectiveness of
the iron-based alumina nanocomposites in the microwave-
assisted catalytic decomposition of coal tar, crude oil, diesel
fuel, and gasoline in terms of hydrogen selectivity and yield;
and (3) to investigate regeneration of the iron-based alumina
nanocomposites by microwave-assisted gasification of the
formed carbon and by magnetic separation of the catalyst
particles from the carbon byproducts.

The work will include fabrication of iron-based alumina
nanocomposites by solution combustion synthesis using
nitrates of iron and aluminum as the precursors and
oxidizers. Citric acid will be used as the fuel. For optimization
of the composition, morphology, and properties of the
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nanocomposites, the Fe-Al and oxidizer-fuel ratios will be
varied. For comparison, iron-based catalysts supported on
silicon carbide (Fe/SiC) will be prepared by incipient wetness
impregnation. There will be a study of microwave-assisted
dehydrogenation of coal tar, crude oil, diesel fuel, and gasoline
using the fabricated materials as microwave susceptors and
catalysts, and the effectiveness of the iron-based alumina
nanocomposites in terms of hydrogen selectivity and hydrogen
yield will be determined and compared with that of the Fe/SiC
catalysts.

The laboratory-scale studies will physically validate the
effectiveness of the SCS-fabricated iron-based alumina
nanocomposites in the main components of the proposed
technology, namely, the microwave absorption, the catalytic
effect, and the magnetic separation from carbon. Since the
involved materials are abundant, inexpensive, and not toxic, the
proposed method has the potential to become a competitive
technology for hydrogen production from fossil fuels.
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The effects of (a) different metal catalysts and (b) various supported iron
catalysts and carbons on the H; yield and hydrogen efficiency.
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SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

5G Integrated Edge Computing Platform for Efficient
Component Monitoring in Coal-Fired Power Plants

Performer University of Texas at El Paso
FEO032089

08/23/2021 — 08/22/2024

Award Number
Project Duration
$ 400,000
DE-FOA-0002398

Total Project Value
FOA Number

Area of Interest 5G Wireless

The goal of this project is to develop a 5G integrated
distributed edge computing framework that facilitates real-
time monitoring of critical components in coal-fired power
plants (CFPPs). The objectives are as follows:

1. Distributed Edge Computing Service (DECS) Orches-
tration for CFPP Component Monitoring — Develop an
on-demand distributed edge computing platform to
gather, process, and efficiently analyze the component
health data in the CFPPs.

2. Deploy and Integrate 5G networking to enable QoS
(Quality of Service)-Aware Network Slicing — Leverage
software-defined networking and network function
virtualization mechanisms of 5G to instantiate a logically
separated component monitoring network slice that will
be integrated with DECS for time-sensitive and efficient
transfer of CFPP component health data.

3. Prototype Development and Empirical Evaluation -
Develop a customizable 5G-capable distributed edge
computing prototype with a separate network slice
for efficient plant component monitoring. In addition,
extensive performance evaluation of the developed
platform will be conducted by measuring several critical
metrics.

The project will involve development of a reconfigurable
prototype for efficient component monitoring in CFPPs
using cutting-edge 5G and edge computing technology.
This technology could be used to monitor the health of the
components of any power plant in real time allowing for
quicker detection and replacement of worn components

with reduced downtime and a reduced need for manual
monitoring, The proposed system is an improvement over
current solutions due to its underlying resource virtualization
and reconfigurability characteristics. This will allow plant
operators to dynamically instantiate and manage the QoS
needs of the component monitoring traffic in real time. This
platform would inherently enhance resiliency of the SCADA
network because of the network slicing functionality.
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SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

HBCU-MSI

5G-Time Sensitive Networking Architecture Capable of
Providing Real-Time Situational Awareness to Fossil-Energy

(FE) Generation Systems

Performer University of Texas at El Paso
FEO032090

09/23/2021 - 09/22/2024

Award Number
Project Duration
$ 400,000
DE-FOA-0002398

Total Project Value
FOA Number

Area of Interest 5G Wireless

The overall goal of the project is the delivery of an
integrated  fifth-generation  time-sensitive  networking
architecture (5G-TSN) capable of supporting coal-fired
power generation systems’ operational data while providing
the required deterministic quality of service. Requirements
formulation and design will be based on a thorough network
performance and emitted electromagnetic interference (EMI)
characterization of the University of Texas at El Paso (UTEP)
Center for Space Exploration and Technology Research
(cSETR) pressurized oxy-coal combustion system and the
high-pressure oxy-natural-gas combustor. Recorded data
and EMI profiles will then be played back into an end-to-
end (E2E) simulation of the 5G-TSN network. The proposed
research will demonstrate the ability to design a 5G-TSN
network capable of providing the necessary quality of
service and security for measurement and control of an
oxy-coal and oxy-natural gas combustor systems. The
UTEP team will advance this technology by simulating end
to end, live combustor data through a 5G-TSN network.
The goal will be fulfilled by the following specific objectives:

Characterization of Pressurized 5G-TSN Integration Requirements E2E Simulation of Oxy-Coal
0xy-Coal Combustion System & Conceptual Design Combustion SCADA onto-TSN
= ~noB &
=, T y oyl
O] L SN
. —— =] “.“. w i ji=]
|
— T
@

(i) operational characterization of the pressurized oxy-coal
combustion system, (i) 5G-TSN integration Requirements
and conceptual design, and (iii) E2E simulation of oxy-coal
combustion SCADA onto 5G-TSN ontology.

As power plants evolve, the ability to monitor them in real
time is critical to increasing their efficiency and minimizing
down time due to maintenance and repairs. Fifth-generation
networks established in the harsh operating conditions
can give operators a way to monitor equipment that have
needed to be shut down for inspection and pro-active
response to maintenance issues. The effort undertaken in
this body of work will aim to characterize and deliver a novel
5G-TSN architecture capable of critical control and real-
time measurement. The proposed design will be validated
not only through industry-standard simulation but through
the characterization of a pilot-scale oxy-coal combustor
system during the course of this project. The introduction
of a physical system to an otherwise simulated environment
paves the way to practical implementation of 5G-TSN
networks.

OBJECTIVE 2

1 Feedback & Improvement I

Schematic flowchart showing the overarching objectives of the project.
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HBCU-MSI

SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

Secure Data Logging and Processing with Blockchain

and Machine Learning

Performer Florida International University
Award Number FEOO031745

Project Duration  09/01/2019 — 04/30/2023

Total Project Value $ 400,000

FOA Number DE-FOA-0001991

Area of Interest

The scope of work of this project includes (1) secure data
logging for ‘smart’ sensors and wireless communications;
(2) authentication and identity verification of sensor nodes,
actuators, and other equipment within a network; and (3)
decentralized data storage. Florida International University
will develop a novel platform that integrates two emerging
technologies, namely blockchain and machine learning.
This platform will incorporate a mechanism that ensures
that only data sent by legitimate sensors are accepted and
stored in the data repository, a suite of data aggregation

Summative
Data Block

Cybersecurity for Fossil Power Generation

methodologies using machine learning/deep learning
algorithms to minimize noise and faulty data, and a two-
level secure logging mechanism supported by an energy-
aware blockchain solution.

If the project is successful, the fossil energy community
will be able to develop a better understanding of how to
securely store sensor data from various equipment in the
power generating infrastructure. It will reduce data theft
while increasing data logging efficiency.
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The two-level secure logging mechanism.
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SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

HBCU-MSI

Ceramic-Based Ultra-High Temperature Thermocouples

in Harsh Environments

Performer Morgan State University

Award Number FEO031906
Project Duration 08/01/2020 — 07/31/2023
$ 500,000

DE-FOA-0002193

Total Project Value
FOA Number

Area of Interest Flexible Fossil Power Generation

Researchers will develop novel, durable, low cost,
ceramic-based super high-temperature thermocouples
(up to 2000 °C) for use in high-temperature (750-
1800 °C) and 1000 PSI and above coal-based energy
systems under high corrosion and erosion conditions.
The materials, Zirconium diboride (ZrB,) and samarium
hexaboride (SmBg) thermoelectric refractory materials will
be employed as n- and p-type thermocouple legs. The
materials will be compacted into isotropic thermoelectric
nanocomposites as thermocouple legs with excellent
Seebeck coefficient. The legs will be fabricated into
ceramic-based thermocouples with p-n junctions. The
thermocouples will also have good oxidization and
sulfidization resistance, no protective outer layer, and cost
less than acoustic and optical devices. Thermocouple
performance will be evaluated in oxygen, carbon oxide, and
sulfide atmospheres at high pressure and temperature. In

50

addition, the effects of heat flow, flow rate, and mass flux
found in coal power generation on the performance of the
thermocouples will be investigated. Physical behaviors
and long-term stability will be evaluated.

Accurate and reliable temperature measurements and
controls are essential to operating coal-based energy
systems at high efficiency and optimal performance.
However, present thermosensors, utilizing expensive
acoustic and optical techniques, usually do not work
well under such harsh conditions. Development and
application of new kinds of thermocouples are essential
elements for low-cost maintenance and long-term stable
thermo-sensing devices. The proposed ceramic based
super-high thermocouples will lead to the development
of low-cost thermosensors and significant reduction in
maintenance costs.
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Expected emf of ZrB,-SmB, thermocouples.
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HBCU-MSI

SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

Harnessing Quantum Information Science For Enhancing
Sensors In Harsh Fossil Energy Environment

Performer

Award Number FEOO31896

Project Duration 09/20/2020 — 09/19/2023

Total Project Value $ 500,000

FOA Number DE-FOA-0002193

Area of Interest

The project plans to utilize real-time quantum dynamics
simulations and quantum optimal control algorithms to (1)
harness near-surface nitrogen vacancy (NV) centers to
detect chemical analytes in harsh fossil energy environments
and (2) design optimally constructed electromagnetic
fields for initializing these near-surface NV center spins
for efficient sensor performance and detection. Together,
these objectives will leverage quantum information science

¥ chemical analytes
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NV-center

sensor material

University of California - Riverside

Quantum Energy Systems and Technologies

to enable new sensing modalities for the extremely
sensitive monitoring (i.e., below classical measurement
limits) of critical operating parameters of fossil energy
infrastructures in harsh environments. Quantum information
science is leveraged to enable new sensing modalities for
the extremely sensitive monitoring (i.e., below classical
measurement limits) of critical operating parameters of fossil
energy infrastructures in harsh environments.

NV-center in
diamond lattice

Improving sensing modalities in fossil energy infrastructures.
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SENSORS, CONTROLS, AND OTHER NOVEL CONCEPTS

HBCU-MSI

Ulira-Low Disorder Graphene Quantum Dot-Based Spin Qubits
for Cyber Secure Fossil Energy Infrastructure

Performer University of Texas at El Paso

Award Number FEO031908
Project Duration 09/01/2020 - 08/31/2023
$ 499,546

DE-FOA-0002193

Total Project Value
FOA Number

Area of Interest

The specific research objectives of the project will be to define
graphene quantum dots (GQDs) ongraphene nanoribbon (GNR)
with ultralow local defects and characterize the edge roughness
and local disorder by diverse microscopic and spectroscopic
techniques; conduct low-temperature characterization of
quantum transport and spin relaxation times in GQDs to
evaluate the effect of lower local disorder; and develop a
multi-GQD-based qubit platform and analyze coupling effects
and performance improvements achieved through the new
synthetic protocols for quantum communication applications.
To achieve the objectives, the team will first leverage the
nanotomy technique to prepare GNRs of various widths and
characterize its superiority by comparing their structural and
disorder status with lithographically prepared GNRs (which will
function as the baseline in the project). Subsequently, scanning
probe microscopy-based oxidation lithography (SPM-OL) will
be used to fabricate geometrically confined GQDs with tunnel
barriers on the GNRs. Then the team will fabricate electrode
patterns that connect the quantum dots to source and drain
electrodes.

An in-depth study will be conducted characterizing the local

Define GQDs in
GNRs with

smooth edges

Performance
evaluation of single
GQD devices

Quantum Energy Systems and Technologies

density of states and conductance of the GQDs with variable
widths. Cumulatively, these studies will help developing an
optimized GQD qubit system fabricated using nanotomy
and SPM-OL. Quantum transport and spin relaxation
measurements conducted at mK temperatures will reveal the
superiority of the present GQDs with ultralow defects. Further,
the optimized GQD fabrication process will be extended to
develop an array of GQDs integrated with local gate electrodes
and quantum point contact to study the inter-dot coupling
effects in the GQD arrays.

The primary benefit of the project is that it will result in a
significantly improved strategy to formulate GQD qubits
(individual and multi-GQDs) with ultralow local defects and
higher spin relaxation times (>p-seconds). The development
of such GQD platforms is expected to advance state-of-the-
art graphene quantum structure fabrication technologies and
semiconductor spin qubits. This project will also be beneficial
for ongoing research efforts to develop highly secured
communication systems and thus enable the implementation
of GQD spin qubits in quantum processors for cyber-resilient
grid infrastructure.

Fabrication &
Characterization of
double GQD devices

YR1

Nanotomy & SPM-AOL
GQD quality evaluation
(SPM, Raman, TEM, Etc.)

» GQD single electron transport
» Quantum point contact detector
« Charge relaxation studies

YR2 YR3

« Spin transport in double dot
o Interdot coupling studies
(tunable tunnel barriers)

Outline of the overall effort of the proposed project.
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HBCU-MSI

SIMULATION-BASED ENGINEERING

Development and Evaluation of a General Drag Model for
Gas-Solid Flows Via Physics-Informed Deep Machine Learning

Performer Florida International University

Award Number FEOO31904

Project Duration 08/01/2020 — 07/31/2023

Total Project Value $500,000

FOA Number DE-FOA-0002193

Area of Interest Computational Fluid Dynamics

The objective of this project is to develop, test, and validate
a general drag model for multiphase flows in assemblies of
non-spherical particles by aphysics-informed deep machine
learning approach using an artificial neural network (ANN).
Once implemented in computational fluid dynamics (CFD)
code, the model aims to accurately predict a particle’s
drag coefficient and flow fields in the simulation of gas-
particle flows, with a wide range of parameters including
Reynolds number, Stokes number, solid volume fractions,
particle densities, particle orientations, and particle aspect
ratios. The project will involve the following research and
development activities: (1) data collection and generation of
drag coefficients for non-spherical particles; (2) ANN-based
drag model development through deep learning neural
networks (DNN), algorithm identification and evaluation, and

model tests using different data sets; (3) integration of the
best DNN model into the open source CFD software MFiX-
DEM; and (4) validation of selected multiphase flows using
the new drag model. Completion of the project will result
in a deep machine learning-based general drag model
for non-spherical particles in gas-solid flow simulation by
CFD. The general drag model will overcome the limitations
of existing models, which are problem specific and work
only within narrow parameter ranges. This research project
provides the students and faculty at Florida International
University, a minority-serving institution, great opportunity
to work on cutting-edge research related to applications
of emerging machine learning technologies in gas-particle
multiphase flows.
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A physics-informed deep learning framework for a drag coefficient model.
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SIMULATION-BASED ENGINEERING

HBCU-MSI

A General Drag Model for Assemblies of Non-Spherical
Particles Created with Artificial Neural Networks

Performer
Award Number FEO031894
Project Duration 09/01/2020 - 08/31/2023
$499,982

DE-FOA-0002193

Total Project Value
FOA Number

Area of Interest Computational Fluid Dynamics

The project plans to develop a more accurate artificial neural
network (ANN)-based method for modeling the momentum
exchange in fluid-solid multiphase mixtures to significantly
improve the accuracy and reduce the uncertainty of
multiphase numerical codes and, in particular, of MFiX by
developing and providing a general and accurate method
for determining the drag coefficients of assemblies of
non-spherical particles for wide ranges of Reynolds
numbers, Stokes numbers, and fluid-solid properties and
characteristics. The research team will achieve this aim by
conducting numerical computations with a validated in-
hou