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Research Focus by Site
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Multiple Sites Operating as One Lab System
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Process Systems Engineering
DecisionScience

Functional Materials
Environmental Sciences
Energy Systems Optimization

Energy Conversion Devices
Simulation-Based Engineering
In-Situ Materials Characterization
Supercomputer Infrastructure
Microwave Reactors
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EFFECTIVE RESOURCE DEVELOPMENT ° EFFICIENT ENERGY CONVERSION * ENVIRONMENTAL SUSTAINABILITY
. R - N B §

COMPUTATIONAL MATERIALS GEOLOGICAL & ENERGY STRATEGIC SYSTEMS RESEARCH
SCIENCE & ENGINEERING ENVIRONMENTAL CONVERSION ANALYSIS & PLANNING &
ENGINEERING & MANUFACTURING SYSTEMS ENGINEERING ENGINEERING DELIVERY
High Performance Structural & Functional Geo-Analysis & Reaction Engineering Energy Process & System  Technical Project
Computing Materials Monitoring Engineering Management
Design & Validation
Multi-Scale Modeling Design, Synthesis, & Reservoir Multi-scale Modeling, Business Management
Atomistic to Device Performance Engineering Thermal Sciences Simulafions & & Agreements
Oplimization
Artificial Intelligence Characterization Geochemistry Advanced System
& Machine Learning Engineering Energy Markets Analysis
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Technology Development Pathway N =|NATIONAL
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An Active Porifolio from Concept to Market Readiness

RIC
projects
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Technology available
for wide-scale marketuse

DEMONSTRATION

System demonstrated
in operational environment

SYSTEM TESTING

System performance
confirmed at pilot-scale

DEVELOPMENT

Technology component
validated/integrated

DISCOVERY

Conceptidentified/proven at
— laboratory-scale
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1 Scale

1% Technology Confidence
1 Investment

% Private Sector Cost Share
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Geftting to a Net-Zero Carbon Future N =] ATONAL

Executive Order 14008 set a goal of a carbon
pollution-free power sector by 2035

FECM 2022 Strategic Vision
« Focus on the future (2050)

« Role in ensuring graceful tfransition from fossil-fuel
based system

Net-zero carbon power
« NG turbineswith Point-Source Capture
« Hydrogen as bulk clean energy storage

« Hydrogen production from carbon-based.
fuels with carbon capture - support transition

« Hydrogen utilization
Hydrogen/NG blend turbines
Hydrogen hybrid systems
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Sensors & Controls R&D Activities

« Sensors for hydrogen blend systems

* Dynamic controls for Integrated
Energy Systems

« Optimized power plant and grid
control strategies

« Sensors to assure environmental
safety of carbon storage and
hydrogen systems

Zero-net carbon, flexible and integrated energy
systems are needed to complement renewables
to provide reliable and resilient power and
sharply reduce CO, emissions.
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Technology Challenges for Sensors and Controls for

Hydrogen and Carbon Management

|

Carbon Storage and

Subterranean

chemistry

« Assure CO, storage
stability

« At the Wellhead

« Downhole

« High pressure water
or brine
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Hydrogen Production and
Utilization
* Modular gasification
« waste plastics /
MSW
« Sustainable biomass
« Coalwastedeposits
* Microwave fuel
reforming
Chemical Looping
Hydrogen/Blend GT
SOEC
Ammoniasystems

SOFC
} Fuel
ANODE
CATHODE > %
1 GT
—>
Hybrid NG/Hydrogen
Systems
« 800°CinSOFC
1500°Cin GT

Transient controls
+ CO, storage
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Novel Systems

« Direct Air
Capture

« Supercritical
CO, cycles




Overview of Adv Sensors & Controls FWP (EY22) [N=]ranona
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Sensors & Instruments Controls Cybersecurity and
. High temperature + Cyber-physicalsystems Novel Concepts
optical fiber sensors as a zero-carpon - VLC- Alfernative to RF
* Crystalline fiber m’r?gro’red energy « Al forscreeningand
« Sensing materials ;ycs Ceerlne%eﬂ\genl?ggen’r design of functional
« Interrogation materials
e Real-fime gas *  Quantum sensors for
composition analysis FECM applications

of hydrogen blends

 LIBS for subterranean
sensing of fluid
migrafion




Optical Fiber Sensing for Harsh Environments N =|NATONAL
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Developing = Functional
materials and Q(-Jn's.f@g,‘e‘;‘::ﬁf nanomaterials
methods for fiber- =
based sensing
concepts to
provide spatially
resolved chemical
species and
temperature
measurements from
an opftical fiber at
harsh conditions
(>800°C)

Commercial and novel
multipoint interrogation

Material

modeling LHPG system

: ‘ Fossil energy relevant gases
Dr. Michael Buric to present later
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« Applicationstolow carbon power generation (e.g. hydrogen blend furbines)
Prototype tested in pilot scale laboratory applications

Fast - 1 second measurement time

Species concentrations measured to 0.1%

Opftical waveguide technology boosts Raman signal more than 1000X

No recalibrafion neededin normal operation

EY21: Rack mount design constructed

Fast Raman Gas Analyzer
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LIBS for Subterranean Sensing N=|NATIoNAL
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« Development, optimization and testing of a
deployable miniaturized LIBS system for
subterranean chemical sensing

R&D 100
Award
Winner (SRS

.~ Pumplaser

Pulse detector

LIBS spectrometer

control

Demultiplexer.
Power, data
Storage and
Processing,
Display, and

ABOVE GROUND CONTROL UNIT

Pump Beam Laser Pulse

Nd/Cr:YAG Pulsed Laser

N >

Returning LIBS
Emission

‘ 31 1Rl R
DOWNHOLE LASER MODULE f{ A "J"" A - b
MONITORING WELL “

P Dr. Dustin Mclntyre to present later
@) ENERGY B

OPTIC

sy
e o




Advanced Conftrols and Cyber-physical Systems  [N=|NTonaL
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Partner with Ames NL on design method and use

of cyber-physical systems for accelerating Model-Free Control (Agent-Based) N ey
development of Integrated Energy Systems and . Mult-agonts amulate ineligont control e
HYd rogen HYbndS + Agents can coordinate their behavior to achieve multiple objectives
* Load following was achieved w[:lle minimizing the transient impact on efficiency
Dev elop and demonstrate advanced control — I 3
methods such as online systemidentification, and S SRp—— A o § = _
agent-based conftrol forintegrated systems et | i) | o R 3
1| State 11| State ' M - = = s 5" . ]
' i I e
i i E E i N . u ',= range of cperation
S ;”L_ = Valve are saturated when
Two (2) agent controller | h fully closed making
conventional control

demonstrated on laboratory power

equipment in the Hyper facili e sec
R, US- DErARTMHERS P. Pexzini, D. Tucker, and .M. Bryden, Turbine speed controlina direct-fired fuel cell hybrid system,
':g.@‘j EN RGY SUstginable PolyEnergy generation and Haffvesting —LEAP 2015, Savena, Italy, September 5, 2019, 10 pp n

unstable

More in presentations by Dr. David
Tucker (NETL) and Harry Bonilla-
Alvarado (Ames Laboratory)
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More secure alternative to RF communication for sensors?

Transmitter and receiver in testing
« Eye-safe, power LED based system
* Mounted onto polesseparated by 100 yards on NETL site
« Battery powered with solar recharge

Data collection to evaluate weather impact
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Quantum Sensing and Machine Learning / Al [N=]ranoxa

TL TECHNOLOGY

LABORATORY
Machine Learning
. . Model
Quantum Sensing: R : .
Fonr Development Model ateria Sensing Properties
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This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express orimplied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views and opinions
of authors expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof.

U.S. DEPARTMENT OF




