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Director’s Letter

In 2023, advanced computing saw the arrival of
Kestrel, the National Renewable Energy Laboratory’s
(NRELs) newest high-performance computing (HPC)
system. Kestrel will accelerate clean energy research
at a pace and scale more than five times greater than
Eagle, with approximately 44 petaflops of computing
power. Kestrel's heterogeneous architecture—which
includes both CPU-only and GPU-accelerated nodes—
is designed to bring a much greater GPU capacity to
EERE workloads compared to Eagle, enabling rapidly
advancing applications in artificial intelligence and
expanding research in new directions for computing.

In Fiscal Year (FY) 2023, 333 projects utilized NRELs HPC
system, advancing the U.S. Department of Energy’s
(DOE's) Office of Energy Efficiency and Renewable
Energy (EERE) mission across 13 funding areas.

Cross-disciplinary collaboration among researchers
yielded more than 800 technical outputs, including
177 peer-reviewed journal articles in FY 2023. All
this great work continues to advance the science of
energy efficiency and renewable energy.

A major upgrade in FY 2023 was the completion of

the 3D visualization capability in the Energy Systems
Integration Facility (ESIF) Insight Center—with a fourfold
increase in resolution, researchers now have the ability
to process and display data with exceptional clarity. The
2D upgrades completed in FY 2022 are now becoming
a critical and highly sought-after capability across many
research projects, enabling new methods of analyzing
huge and complex data sets to arrive at results and
insights not previously possible.

NREL continues to push the boundaries of efficient
data center operation, with warm water cooling,
optimization, and waste heat recovery enabling the
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facility to end the year with an average power usage
effectiveness rating of 1.031. The ESIF HPC Data
Center is nearing completion of a 2.5-megawatt
power and corresponding cooling upgrade to
support Kestrel, bringing the data center to a new
capacity of 7 megawatts. The addition of Kestrel
with higher return temperatures and greater heat
output enables further advances in demonstrating
the effective use of waste heat recovery at scale.

Looking to the future, NREL—with Sandia National
Laboratories and Georgia Tech—is leading the
testing protocols and testing capability for Cooling
Operations Optimized for Leaps in Energy, Reliability,
and Carbon Hyperefficiency for Information
Processing Systems, an Advanced Research Projects
Agency-Energy program focused on driving

supply temperatures much higher, enabling
transformational, highly efficient, and reliable
cooling technologies for data centers. Participants
will use a new testing facility within the ESIF to test
and validate new cooling approaches at the rack
and modular data center level.

We will highlight many exciting developments in the
following pages, and we expect many more to come.

i’

Ray Grout,
Director, Computational Science Center

KAHY

Kris Munch,
Laboratory Program Manager, Advanced Computing
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CAPABILITIES

& PROJECTS
ATAGUANGE W1 18

NREL hosts supercomputing systems and
visualization capabilities, providing EERE
researchers and industry partners with the
necessary technology, tools, and expertise to
tackle today’s toughest energy challenges.
In collaboration with scientists and
engineers, NREL HPC experts develop
crosscutting capabilities that provide the
critical foundation upon which rapid-
breakthrough science is built. Advanced
visualization technology helps researchers
explore and interact with data in new

ways that accelerate understanding and
innovation. With the arrival of Kestrel this
year, NREL researchers have access to even
greater computing power to tackle the
research challenges of a renewable and
sustainable future.




Supercomputing Supports Early Career

Award-Winning Research From Office of Science
New research investigating wurtzite-based nitride ferroelectric

KEY PERFORMANCE INDICATORS

materials garnered an Office of Science Early Career Award from DOE.

Read more on page 27 61 9 TOtal USers

) HPC availabilit
HPC-Powered Energy Transmission and Distribution 9 5 /o y
Simulation Platform Selected for R&D 100 Award 9 5 0/ ilizati
o HPCutilization

NREL's Simulation and Emulation for Advanced Systems (SEAS) simulates

and validates energy transmission and distribution solutions across the d | . d
buildings, transportation, and renewables sectors and the grid. 3 3 3 Modeli ng an
Read more on page 9 simulation projects

MODELING AND SIMULATION PROJECTS

Advanced Manufacturing
NRELs HPC user facilities

supported 333 modeling and
simulation projects, advancing the
U.S. Department of Energy (DOE)
mission across the spectrum of
energy efficiency and renewable
energy technologies.

Vehicles HPC Usage ¢ Geothermal
Percentage by iq Buildings

Funding Area ——@ Strategic Analysis
—— O Water

~— Energy Systems Integration

Computational Science/Exascale (. Bioenergy
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Supercomputer Kestrel
Takes Flight With
Substantial Increase

in Computing Power

Spring and summer were a busy time in ESIF's
Data Center, as the NREL and Hewlett Packard
Enterprise teams installed and tested Kestrel,
NRELs third-generation supercomputer dedicated
to driving advancements in energy efficiency,
sustainable transportation, renewable power,

and energy systems integration research. The

first phase of Kestrel, consisting of Intel Sapphire
Rapids central processing unit-based nodes,

was fully operational for the start of the fiscal

year in October. In its final configuration with
added graphics processing unit capability
coming in winter 2024, Kestrel will provide

more than five times the computing power of

its predecessor, Eagle. Kestrel will play a critical
role in computing for computational materials,
continuum mechanics, and large-scale simulation
and planning for future energy systems. Rapidly
advancing applications and technologies in
artificial intelligence and machine learning are
fostering innovation and expansion of research
into new directions for computing. These
workflows drive complementary physics and
data-driven approaches by fusing simulation with
new sensor data sources. Kestrel's heterogeneous
architecture—which includes both central
processing unit--only and graphics processing
unit-accelerated nodes—is designed to enable
these emerging workflows, providing partners
with the ability to tackle the energy challenges for
moving into a renewable and sustainable future.
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New 3D Capabilities
Support Visual Analysis
of 30x Larger Data

In 2023, NREL completed upgrades to the i \
3D capabilities of the ESIF Insight Center,

bringing the Insight Center to the forefront

of immersive visualization technology.

This transformative upgrade provides a

fourfold increase in resolution, empowering

researchers to process and display data with

exceptional clarity.

With higher-resolution outputs and vastly
larger data sets, these capabilities increase
the scale of data researchers can explore
immersively. In a recent benchmark, NREL
visualized data from the latest ExaWind
run, representing a remarkable increase in
data scale. This visualization benchmark
won the 2023 Supercomputing Scientific
Visualization & Data Analytics Showcase
award in November.

Integrating these state-of-the-art
visualization capabilities is pivotal as we
transition toward supporting the Kestrel
HPC infrastructure. The visualization
capabilities are scaling with NREL increase
in compute power, supporting insight and
knowledge discovery in our most extensive,
complex data sets.



NRELSs Insight Center
Visualization Helps
Validate Resilient
Power System Controls

This year, 2D data visualization at NREL helped
unravel and address oscillations triggered by a
generator fault in the Kaua'i power system. The
incident in question, which occurred on Nov. 21,
2021, after the disconnection of an oil power
plant on the Hawaiian island, led to significant
oscillatory instability in the broader system
stemming from inverter-based resources (IBRs).

Analysis pinpointed the cause of the oscillations,
identifying IBRs as the source. Leveraging the
visualization capabilities of the Insight Center,
researchers examined and tested hypotheses

regarding how inverter settings influenced the
system’s oscillatory behavior. The high-resolution
displays provided a unique vantage point,
enabling power system engineers to concurrently
observe the time evolution of four key state
variables across six generators. This visualization
also emphasized the interplay between

dynamic variables, network structure, and the
geographic locations of the generators. Notably,
visualizations revealed how a subset of inverter-
based generators drove oscillations throughout
the system, uncovering dynamic nuances not
readily apparent in standard time-series or
geographic views. Building on these insights,
researchers implemented changes to the inverter
settings. When a similar fault occurred in April, the
system demonstrated a smooth recovery without
the previously observed oscillatory behavior.

This work underscores the power of advanced
visualization tools in comprehending complex
power system dynamics and implementing
targeted solutions for enhanced stability.

Catalyzer Leading Path to
Greener Computing

The Joint Institute for Strategic Energy Analysis at NREL
launched the Green Computing Catalyzer in 2022 to
cultivate and scale the green computing capabilities at
NREL. Now in its second year, the catalyzer is focused

on bringing efficiency and accountability to computing-
based research around the globe.

To better understand the magnitude and intricacies
of energy usage in supercomputing, NREL researchers
instrumented the lab's supercomputers, used

by researchers for projects spanning the EERE
technology offices as well as partner institutions,

with node-level sensors that provide granular,
streaming metrics of the compute system'’s energy
and power statistics. In addition to developing
approaches for more energy-efficient computing

at NREL, the Green Computing Catalyzer is working
to equip researchers around the world with the

tools needed for energy-efficient algorithm design.

In FY 2023, the team compiled a public data set of
real-world algorithmic performance metrics and

ran millions of computational experiments, providing
data on the performance of various configurations of
algorithms, input data, and hardware. The Green
Computing catalyzer is now working to augment the
first-of-its-kind BUTTER Empirical Deep Learning
Framework data set with energy efficiency data.
Making this type of data available can help researchers
determine how to spend their computational energy
wisely and what energy costs they might incur when
training large models.
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R&‘D 100 Researchers

e Build Virtual
Communities Using SEAS To
Model Clean Energy Solutions

Winner of a 2023 R&D 100 Award, the Simulation and
Emulation for Advanced Systems (SEAS) open-source
software will serve six communities that were selected to
receive in-depth analysis with multistakeholder inputs.
SEAS is used to build a virtual community using modeling
and Advanced Research on Integrated Energy Systems
(ARIES)-related hardware to validate and de-risk different
clean energy solutions before implementing in the field.
The software simulates and validates energy transmission
and distribution solutions across buildings, transportation,
and renewables sectors as well as the grid. Supporting
DOE's Clean Energy to Communities (C2C) program, SEAS
was deployed to support a pilot project in Fairbanks,
Alaska, where it was used to plan a more reliable and
affordable power system by replacing a coal plant with
wind and storage. Through C2C and using SEAS, Golden
Valley Electric Association worked with NREL to provide
detailed, high-fidelity analysis of the generation plan

and determine how wind power could be added to the
grid without affecting performance. The SEAS framework
can also be used to connect to ARIES assets, such as ESIF
hardware, or to data analysis and visualization resources
for streaming data. C2C engages with communities in
multiyear projects with technical assistance collaborations
aiming to bridge clean energy ambitions and real-world
deployment. In 2023, C2C supported 77 communities in
six-month peer-learning cohorts and provided no-cost
technical assistance to 50 communities.
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National Study Aims
To Optimize Electrical
Transmission

DOE—in partnership with Pacific Northwest National
Laboratory and NREL—has directed the National
Transmission Planning Study to analyze methods for
optimizing electrical transmission. The work identifies
the role of transmission in accelerating cost-effective
decarbonization, informing regional and interregional
transmission planning processes, and exploring specific
high-opportunity transmission pathways.

In FY 2023, the team completed analysis of more than 200
scenarios and presented the results to the public, produced
nodal transmission plans for the Eastern Interconnection
electrical grid, and built a nodal production model of the
whole contiguous United States. The use of HPC for this
study enables NRELs grid experts to run grid simulations
that are some of the largest undertaken in the world.
Stakeholder engagement is also a key component of the
study, and numerous meetings with system planners,
regulators, operators, and others in the power system
industry in the United States have helped socialize the
lessons learned thus far and strengthen the study through
input from across the country. The study will continue

to help identify pathways for necessary large-scale
transmission system build-outs that meet regional and
national interests.
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Scenarios Show Paths to Puerto
Rico’s Resilient, Equitable 100%
Renewable Energy Goals

Unprecedented multi-laboratory collaboration on analysis of pathways to
meet Puerto Rico's energy goals is concluding with the Puerto Rico Grid
Resilience and Transitions to 100% Renewable Energy Study (PR100). This
two-year effort—led by DOE's Grid Deployment Ofiice and funded by

the Federal Emergency Management Agency —relied on an integrated
analysis process (coordinated by NREL across six national laboratories) to
identify pathways forward that achieve Puerto Rico's goals for renewable
energy integration, resilience against extreme weather events, and energy
justice. Renewable energy data sets were needed to generate scenarios that
incorporated these targets. To inform comprehensive options for Puerto
Rico, the team relied on HPC to develop 14-year, high-resolution historical
and future projections of renewable energy resources. This included a
20-year wind resource data set that used 11 different planetary boundary
layer models to capture more nuanced local and regional variations in wind
resources. These resource data helped determine the technical potential

of renewable resources in Puerto Rico. HPC resources allowed the PR100
team to simulate high levels of distributed solar and storage adoption
across scenarios. Additionally, the PR100 team simulated the economic
buildout, resource adequacy, and least-cost operation of the Puerto Rico
power system of the three scenarios under different sensitivities for demand
projections and land use availability. Ultimately, HPC resources allowed

the PR100 team to rapidly execute the expansion and impact analysis
workflows under extremely tight deadlines to help inform the Puerto Rico
energy transition. The PR100 results findings were presented in a public
event in February 2024 and the complete technical report will be published
in March 2024.
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Integrated Framework Targets
Resilience of Power Systems
to Cyberattacks

With cyberattack frequency growing and threatening the
energy grid, the Cyber Resilient Distributed Autonomous
Energy Grid project’s integrated framework leverages a hybrid
approach focusing on enhancing cyber resilience of the

grid through design and autonomous response. The project
seeks to address how to prepare, defend, and adapt power
and communication systems against cyberattacks in an
environment with a highly distributed attack surface and risk
of cascading failures. Through Eagle’s advanced computing
capabilities, the research team aims to advance fundamental
science and engineering approaches to cyber-resilient design
and control, zero-trust architecture for autonomous grids, and
autonomy to enhance cyberresilience.

Supported by the Laboratory Directed Research and
Development Program at NREL, researchers this year have
built a reinforcement learning framework that enables
cyber-physical controls in response to cyberattacks by

learning optimal policies and enabling faster system recovery.

Additional work examined the use of graph neural network
models for scalable modeling and analysis for power grids,
enabling future cyber-physical power systems design
planning to support a resilient distributed energy grid. The
team has also developed a zero-trust cyberattack detection
method for hierarchical power system architectures and
assessed the vulnerabilities of a hierarchical control system
in different types of cyberattacks. The suite of artificial
intelligence/machine learning approaches developed under
this effort will advance the science of cyber resilience for
power grids and provide system operators with advanced
tools to enable faster and accurate response and recovery of
the system after a cyberattack.
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Computational Speedup
of Simulations Could
Help Future Power
System Reliability

The Intelligent Phasor-EMT Partitioning project, funded

by the EERE Solar Energy Technologies Office, aims to
improve the modeling accuracy and computational speed
when simulating transient dynamics of power grids with
extensive IBRs. As power systems move toward high levels

of IBRs, conventional phasor-domain dynamic modeling

may miss IBR-related interactions that can destabilize
systems. In FY 2023, the project team worked toward
developing and validating the individual components of

an advanced systematic, HPC-compatible framework for
hybrid electromechanical-electromagnetic transient (EMT)
simulation intended for large-scale power grids, including

up to 100,000 transmission- and distribution-connected

IBRs. The NREL-led team includes the University of Texas

at San Antonio; the University of Tennessee, Knoxville;

Pacific Northwest National Laboratory; the Electric Power
Research Institute; and Arizona State University. Using Eagle,
they demonstrated 25x computational speedup of EMT
simulations with large penetrations of IBRs for a 10,000-bus
power system. The project additionally includes development
of hybrid phasor-EMT simulations combining Grid PACK,

a phasor domain simulator, and NREL's ParaEMT, an EMT
simulator, via Hierarchical Engine for Large-scale Infrastructure
Co-Simulation. This research will enable grid operators and
planners to capture the complex transient dynamics of large,
IBR-dominated power systems in tractable simulation times,
which will maintain reliability of the renewable power system
of the future. ParaEMT, developed under this project, is the
world’s first publicly available open-source tool for power
system EMT simulation.
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Simulation Framework
Predicts Performance of
Commercial-Scale Reactors
To Reduce Energy Inputs
and Emissions

Ethylene and propylene are petrochemical compounds
needed to create the most widely used plastics in the world:
polypropylene and polyethylene. Their versatility makes
them valuable commodities, but producing them creates
approximately 220 megatons of greenhouse gas emissions
annually. To support the decarbonization objectives of

the DOE Industrial Efficiency and Decarbonization Office’s
Chemical Manufacturing program, NREL and industry
partners Clariant and Bechtel are developing catalytic
systems that reduce the energy inputs and carbon dioxide
emissions for these two chemical products. This year, the
research team made a landmark achievement in its catalytic
systems modeling by developing a multiscale simulation
framework that can predict the performance of commercial-
scale reactors for timescales surpassing one year.
Understanding the long-term performance of commercial-
scale reactors helps industry understand sustainability and
efficiency of its chemical production processes and predict
how these might change as new catalysts and processes
are developed. Additionally, the team developed new,
atomic-scale simulation tools that are being used to guide
more precise material development for efficient inductive
catalytic systems. This project leveraged NRELs Eagle
supercomputer, as well as chemical conversion data from
Savannah River National Laboratory and Idaho National
Laboratory, catalyst synthesis capabilities of University of
South Carolina, and kinetic model development by Georgia
Institute of Technology and the University of Houston.
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New Multiscale Modeling
Method Helps Industry
De-Risk and Deploy
Emerging Bioenergy
Technologies

As the industrial sector seeks to decarbonize and become
more energy efficient, transitioning to biomass conversion
and catalytic upgrading processes is a viable solution. The
performance of biomass conversion and catalytic upgrading
processes must be optimized to reduce the cost, time,

and risk associated with this transition. The outcome of
these processes is determined by an interplay of chemical
and physical phenomena that occur across many scales
(e.g. length and time); this requires a robust, multiscale
computational framework. Working with EERE's Bioenergy
Technologies Office, the NREL research team used the
Eagle supercomputer to develop new fast-solving methods
to simulate these phenomena simultaneously through
mesoscale (particle-scale) and reactor-scale simulations.
This new multiscale coupling method captures microscale,
intraparticle transport phenomena in macroscale reactor
simulations, enabling simultaneous optimization of
feedstock attributes, catalyst characteristics, and reactor
operating conditions. These methods are being used to
help ExxonMobil scale up and deploy biomass pyrolysis, a
process related to bioenergy and biofuel production.
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Dynamic Modeling of
Polyester Decrystallization
for Polymer Upcycling
Strategies

The Biochemical Process Modeling and Simulation project,
supported by the Bioenergy Technologies Office, deploys
modeling and simulation tools at length scales ranging
from atomic to reactor, with an overarching objective to
streamline experimental and engineering efforts to reduce
the cost of bioderived materials and products by addressing
process bottlenecks.

NREL researchers are successfully deploying a
computational approach to tackle plastic waste, using
molecular dynamics simulations to study decrystallization
in widely used synthetic polyesters. Recently, the team has
developed crystalline molecular models of five widely used
polyesters, including polyethylene terephthalate (PET),

the world’s most consumed polyester, and other high-
volume synthetic polyesters (polybutylene terephthalate,
polytrimethylene terephthalate, polyethylene naphthalate,
polyethylene furanoate). These simulations help quantify
the free energy required to remove a single polymer chain
from its crystalline structure, providing valuable insight into
the energy barriers that need to be overcome during the
decrystallization process. This knowledge offers a direction
to experimental scientists for the development of more
efficient plastic recycling strategies such as introducing
catalysts that lower these energy barriers, fine-tuning
conditions during the recycling process, guiding enzyme
and chemical selections, and designing new materials.
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Unveiling Molecular Insights of
Plant Structure CanYield More
Efficient, Sustainable Bioenergy
and Biofuel Production

Plant secondary cell walls are significant carbon and energy repositories.
Their material and energy are stored as a composite of three major
biopolymers: cellulose, hemicellulose, and lignin. A better understanding
of the interactions between—and assembly of—these biopolymers in
the architecture of the secondary cell wall is crucial for the development
of more efficient and sustainable processes for bioenergy and biomaterial
production, as well as biotechnological efforts to improve biomass

yield and resistance to pests and pathogens. However, details regarding
specific intermolecular interactions and higher-order architecture of

the secondary cell wall have remained elusive. Guided and validated

by solid-state nuclear magnetic resonance spectroscopy experiments,
molecular modeling and dynamics simulations of representative atomistic
secondary cell wall models were built and analyzed using NRELs Eagle
supercomputer. The solid-state nuclear magnetic resonance experiments
enabled quantitative validations of the atomistic models as they provided
refined details about the structural configuration, intermolecular
interactions, and relative proximity of all three major biopolymers. The
study revealed that a priori knowledge of biopolymer placement relative
to each other is key for building accurate atomistic models of plant cell
walls. This study lays the foundation for creating more detailed models

of plant cell walls with different compositions and arrangements,

which could be subjected to further physics-based simulations to gain
insight into the complex relationship between biomass composition, its
architecture, and its ultimate material properties.

This is the second year of NRELs projects supporting the Center for
Bioenergy Innovation (funded by the DOE Office of Science's Biological
and Environmental Research program).
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Molecular Dynamic
Simulations for Efficient,
Stable, and High-Performing
Inverted Perovskite Solar Cells

Perovskite solar cells with an inverted structure (the p-i-n
architecture) are attractive for future commercialization due
to their easily scalable fabrication, reliable operation, and
compatibility with a wide range of perovskite-based tandem
device architectures. However, the power conversion
efficiency can still be improved to make the largest impact
on commercial applications. Further improvement in power
conversion efficiency will help commercialize the perovskite
solar cell technology. Given the remarkable advances in
perovskite bulk materials optimization over the past decade,
interface engineering has become the most important
strategy to push perovskite solar cell performance to its
limit. A team of researchers from NREL, University of Toledo,
University of California San Diego, and University of Colorado
Boulder found a reactive surface engineering approach
based on a simple postgrowth treatment of 3-(aminomethyl)
pyridine on top of a perovskite thin film. With this reactive
surface engineering, the resulting p—i—n perovskite solar cells
obtained a power conversion efficiency of over 25%, along
with retaining 87% of the initial power conversion efficiency
after more than 2,400 hours of 1-sun operation at about
55°C in air. This work was supported by NREL's Eagle and the
Center for Hybrid Organic Inorganic Semiconductors for
Energy, an Energy Frontier Research Center funded by the
DOE Office of Science's Basic Energy Science's program.
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New Chemical Simulation
Code for High-Fidelity
Theory Attracts
Experimental Groups
Worldwide

Quantum chemical simulation codes rely on HPC to solve
the underlying equations and simulate chemical processes
and phenomena without reference to models. Most

of today’s chemical simulation codes use accurate but
inefficient algorithms, creating a need to modify or replace
them. Using grant funding from the DOE Office of Science
program in Basic Energy Sciences in Computational
Chemical Sciences, NREL is adapting Questaal—an
electronic structure software package—to create a chemical
code, Questchem, for research on molecular systems and
materials used in solar photochemistry. The first principles
theoretical method employed in Questchem is uniquely
suited to investigating and predicting novel behavior

and response of many-atoms systems efficiently and with
high-fidelity. Moreover, it is designed to take advantage of
emerging leadership-class computing platforms. A new
quasi-1D system—chromium sulfur bromine—has been
found to combine many advantages of popular 2D systems
owing to unusual properties deriving from its effective one-
dimensional nature. NREL's high-fidelity theory was uniquely
able to describe several key experimental phenomena—
especially how excitons respond to light—and the observed
angle-resolved photoemission spectroscopy spectrum. This
unique ability has attracted the attention of some of the
world’s leading experimental groups seeking interpretation
of their data.
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Material Defect Discovery,
Properties, and Interactions
Improve Candidate Screening for
Water-Splitting Technologies

FY 2023 saw the HydroGEN theory team advancing the theoretical

and computational underpinnings for solar thermochemical hydrogen
production. The EERE Hydrogen and Fuel Cell Technologies Office funded
development of advanced methodologies for materials discovery and
targeted materials-specific studies to assess potential and limitations of
candidate materials. It is difficult to computationally study materials with
defects because it requires extensive calculations for each individual
defect site. After building a training model consisting of approximately
200 host oxide compounds and 1,500 unique defects, the NREL-led team
developed a model that can predict the impact of defects on a material's
properties directly from the ideal crystal structure, eliminating the need
for constructing and analyzing large supercells for each defect.

This graph neural network can predict the defect properties of ideal,
defect-free structures, enabling high-throughput screening of redox-
active oxides. The project also introduced an approach based on density
functional theory-supported sampling of defect configurations to create
an equation describing defect interaction. The team demonstrated the
capability and utility of the approach by simulating the water—splitting
redox processes for Sr1—xCexMnO3-6 alloys: a family of complex oxide
materials composed of strontium (Sr), cerium (Ce), manganese (Mn), and
oxygen (O). These alloys are of interest for applications like solid oxide fuel
cells, oxygen separation membranes, and catalysis, where they are used in
processes like water splitting for hydrogen production and other energy-
related applications. Solar thermochemical hydrogen production can
provide a promising solar energy storage pathway.
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High-Fidelity Calculations
Yield Nanoscale Insights for
Cost-Competitive Fuel Cell
Electrocatalysts

Precious metal electrocatalysts used in fuel cell and electrolyzer
systems are expensive and present a material barrier to cost-
competitive deployment. To explore viable catalyst design alternatives,
NREL is developing state-of-the-art computational techniques for
electrochemical modeling as a part of the ElectroCat Consortium:

a collaboration among researchers at NREL, Argonne National
Laboratory, Los Alamos National Laboratory, and Oak Ridge National
Laboratory aiming to increase U.S. competitiveness in manufacturing
fuel cells and hydrogen production water electrolyzers. The inability
to capture the intricacies of electrochemical reactions in catalysts

has historically led to discrepancies between computational
predictions and real-world experimental outcomes. Popular
computational techniques commonly ignore critical factors like
applied potential (i.e, the influence of externally applied voltages

on the electrochemical processes). To address this, NREL is adding
realism to atomistic electrocatalyst models, evaluating the impacts

of beyond-density functional theory methods on these catalysts,

and developing techniques that will enable general multi-scale
models of electrochemical systems. The core techniques include
grand canonical density functional theory, beyond-density functional
theory GW/random-phase approximation method, ab initio molecular
dynamics, classical molecular dynamics, and machine learning.

With funding from the Hydrogen and Fuel Cell Technologies Office,
NREL achievements this year include quantifying the effects of
applied potential on a promising electrocatalyst (and why NRELs
approach results in predictions different from the historical approach).
In addition, two studies have been carried out on bulk polymer
electrolytes and the polymer electrocatalyst interface. The interface
region has not been previously investigated using high-fidelity
computational methods.
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3D Model Identifies
Stress Points in Solar
Power Thermal Energy
Storage Tanks

Failures in molten nitrate salts thermal energy storage
tanks—which boast long storage times at low
cost—present consistent issues in concentrating
solar power plants. The thermal energy storage
technology is still in its infancy, and in-service tanks
are usually designed using standards for tanks

for the oil and gas industry that operate at lower
temperatures. NREL researchers—supported by

the Solar Energy Technologies Office—recruited
Eagle to develop and validate a 3D model of a
representative molten salt thermal energy storage
tank design that uses typical concentrating solar
power plant operation conditions to determine the
temperature and stress distribution in the tank. The
model identifies critical thermal gradients in the tank
floor and shell, and high-stress areas in the tank that
are potential failure points. Understanding failure
mechanics is critical for providing accurate guidance
for future tank designs, fabrication methodology,
and safe operating conditions. The model enables
researchers to pinpoint the critical operating
conditions that lead to excessive stress and provides
the necessary guidance on how to mitigate failures
in current tanks and build more reliable tanks in

the future. The model is an effective tool to address
reliability issues in current thermal energy storage
tanks, which is fundamental for the survivability of
the concentrating solar power industry and the
transition toward the decarbonization of multiple
industrial thermal processes.
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New Cathode
Coating Designs
Stabilize Lithium-lon
Battery Performance

Lithium-ion batteries play a significant role
in electric vehicles and renewable energy
systems. However, the instability of their
electrode surfaces and interfaces—which
facilitate the storage and release of electrical
energy—hinders the development of

safe, high-energy, long life cycle and
low-cost batteries. With support from the
EERE Vehicle Technologies Office’s Battery
Materials Research Program, NREL used the
Eagle and Swift HPC clusters to develop
materials design principles for amorphous
cathode coating selections to improve
stability. In addition to four experimentally
confirmed cathode coatings, the team
identified three new promising cathode
coatings as well as guidelines for selecting
amorphous cathode coatings. The team also
found a correlation between the diffusion
of lithium ions and oxygen ions, presenting
a formidable challenge in controlling the
spread of oxygen ions (which impacts
battery stability and performance). The
discovery of the coatings provides potential
options to stabilize surfaces and interfaces
in lithium-ion battery electrodes, which will
extend the lifetime and safety of current and
future high-voltage Li-ion batteries.
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A Database of Computed
Molecular Properties

Enables Explorations of
Battery Reactivity and Next-
Generation Machine Learning

Data science tools are a powerful way to accelerate
chemical studies, but they can only be applied when

large data sets are available. To date, most computational
chemistry data sets are heavily biased toward stable,
neutral molecules, which limits data science studies in
technologically important applications like electrochemical
energy storage. With funding support from the Vehicle
Technologies Office, researchers sought to address this
challenge. They applied density functional theory to
construct a database containing more than 170,000
molecules and more than 2 million molecular properties,
focusing on reactive charged molecules. This database is
incorporated in the Materials Project, a multi-institution
computational research effort centered at Lawrence
Berkeley National Laboratory. This new database is already
driving scientific discovery. Researchers are leveraging the
available data to construct chemical reaction networks—
exploring electrolyte decomposition to improve Li-ion
battery lifetime—and to train machine learning models

to rapidly predict reaction properties. Eagle's and Swift's
power enabled the efficient, high-throughput deployment
of thousands of single-node jobs needed for this project;
the team also utilized Lawrence Berkeley National
Laboratory's Lawrencium cluster and the National Energy
Research Scientific Computing Center’s Cori and Perlmutter
supercomputers. This effort will serve as a community
resource, enabling researchers around the world to explore
molecules without performing costly calculations.
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Computational Insights
Yield Path Forward for
Nitride Synthesis

An ongoing challenge in materials science is the discovery
and synthesis of inorganic solid-state materials with novel
compositions, structures, and properties. Researchers
predict that some ternary nitride materials can boast a
broad range of properties that are relevant to energy
applications such as more efficient light-emitting diodes
to better ferroelectrics. Required high temperatures

or extreme reaction conditions make the synthesis of
nitrides difficult. With funding from an Office of Science
Early Career Award, NREL researchers recruited Eagle to
create first-principles high-throughput computations and
machine learning to discover novel wurtzite-based nitride
ferroelectric materials and predict their synthesis feasibility,
in collaboration with a National Science Foundation-
funded Designing Materials to Revolutionize and Engineer
our Future program. The team’s modeling provides key
insights that will be useful for future development and
deployment of wurtzite-type nitride devices.
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Model Shows Promising
New Mechanism for Water
Transport in RO Membranes

Reverse osmosis (RO) is the dominant desalination
technology for augmentation of the world'’s water
supply, especially crucial for water-scarce regions.
Semipermeable desalination membranes are the center
of RO technology, but little is understood about how
they function. Using Eagle, in silico approaches have
been developed to simulate transport in RO membranes
under multiple projects funded under DOE's Industrial
Efficiency and Decarbonization Office. In one project
focused on customization of membranes for RO and
nanofiltration, a model helped predict which polymer
precursors can be used to create membranes with
tailored selectivity and permeance. The model also
showed how various manufacturing methods can impact
membrane microstructure. In another project related

to high-pressure RO, a model elucidated compaction
mechanisms for dense polymer membranes at high
pressure. This has led to further collaborations with Yale
University, where the model was used to challenge the
long-held beliefs that RO operates by a transport process
known as solution diffusion. Key findings reveal that
water transport could be driven by a pressure gradient
within the membranes and not by a water concentration
gradient, as has been previously reported. If true, such

a finding would upend 50 years of precedent in the
membrane science community.
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Simulations Seek Optimal
Component Grain Structure

Additive manufacturing is an attractive processing route

for many aerospace components made of titanium alloys
because it offers the ability to manufacture component
geometries that are not readily possible by other
conventional thermal and mechanical processes. This
advantage—coupled with the economies of near-net-
shape processing and elimination of post-process heat
treatment—could result in significant savings in energy and
cost. However, the chemical composition of alloys used in
additive manufacturing must be tailored to withstand the
extreme thermal conditions that are experienced during
additive manufacturing as well as exploit these thermal
conditions to produce mechanical properties that can equal
or even surpass those of existing alloys used in conventional
processing. With support from Lawrence Livermore National
Laboratory’s High Performance Computing for Energy
Innovation Program, this work was focused on developing

a new titanium alloy composition that could potentially
replace the alloy that is commonly used in many aerospace
components. Modeling with accurate capture of the physics
involved in processing-properties relationships resulted in
the identification of a new alloy composition. In conjunction
with the new computational tool and HPC along with
Raytheon'’s capabilities in additive manufacturing, the

work will open a new paradigm in alloy design for additive
manufacturing of aerospace alloys.
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Computational Fluid
Dynamics Models Enable
Rapid Prototyping of
High-Pressure,
Low-Temperature
Electrolysis Cells

Low-temperature electrolysis is a promising technique

for producing green hydrogen by splitting water into
hydrogen and oxygen using electrical energy. This project,
funded by the Hydrogen and Fuel Cell Technologies Office
and H2NEW consortium, focused on rapid prototyping to
guide designs of flow fields (i.e.,, channels that carry gases
and/or liquids) to maximize performance and efficiency
of low-temperature electrolysis cells, which can be used

in both water electrolysis and carbon dioxide electrolysis.
Eagle was used to create computational fluid dynamics
models that simulate the fluid flow through the high-
pressure low-temperature electrolysis cell and assess key
performance metrics such as pressure drop and uniform
velocity distribution.

This HPC project enabled the development of an open-
source high-pressure, low-temperature electrolysis
hardware design that was made available to the general
public. The project was also used to inform cell hardware
and architecture choices from industry partners for larger-
scale designs. Planned future work related to this project will
study more novel flow field architectures and focus on the
multiphase transport aspects.
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Simulations Show Which
Sustainable Aviation Fuel
Could Be an Alternative to
Conventional Fuels

Use of sustainable fuels in aviation supports a path to
achieve zero net carbon dioxide emissions by 2050.
Drop-in sustainable aviation fuels—those that can be
used in existing aircraft engines and infrastructure without
requiring modifications—for commercial aviation engines
are a critical component in reducing aviation’s carbon
footprint. This project, funded by the Vehicle Technologies
Office, studies the effect of 100% drop-in sustainable
aviation fuels on aviation combustor performance.
Powered by the Eagle supercomputer, numerical
simulations of fuel-air mixing properties downstream

of a lean direct-injection combustor indicate that 100%
Hydroprocessed Esters and Fatty Acids sustainable
aviation fuel has quicker evaporation properties (due to its
thermophysical and transport properties) when compared
to alcohol-to-jet sustainable aviation fuel and petroleum-
based Jet A fuel. Quicker evaporation properties can be
advantageous for efficient combustion depending on
engine design. These predictive numerical simulations,
coupled with property measurements being performed
at NREL, act as virtual engine tests. These virtual engine
tests pave the way to de-risk and reduce costs associated
with introducing newer sustainable aviation fuels to
decarbonize commercial aviation.
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AWAKEN Reduces
Unexpected Power and
Financial Losses Using Control
Strategies for Neighbor-
Induced Wake Losses

The American WAKE experimeNt (AWAKEN) is an
international, multi-institutional effort to understand how
individual wind turbines interact with one another and
with the atmosphere in a wind farm. Wake interactions
(i.e., the behavior of slower or disturbed air flows trailing
behind turbines) are among the least understood physical
phenomena in wind plants today, leading to unexpected
power and financial losses. More accurate wind plant
models can improve farm layout and optimize operations,
ultimately leading to lower wind energy costs. In FY 2023,
the research team relied on Eagle to power large-eddy
simulation models to investigate wind farm-atmosphere
interactions, wind turbine wake losses, and wind plant
performance optimization at a range of scales and
fidelities. The simulations of a 50-turbine cluster yielded a
detailed description of its internal aerodynamics, making
it valuable for calibrating lower-fidelity computational
models. Controls and optimization-focused engineering
models are focused on mitigating wind turbine wake
losses between neighboring turbines and nearby wind
plants. The team was able to quantify neighbor-induced
wake losses and evaluate controls strategies to stabilize
power supply and lower operating costs. Funded by the
EERE Wind Energy Technologies Office, AWAKEN is part of
DOE’s larger Atmosphere to Electrons effort to improve the
efficiency of wind power plants.
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The Next-Generation of
Land-Based Wind Turbines:
Predictive Modeling and
Promising Innovations

The Big Adaptive Rotor project is funded by the Wind Energy
Technologies Office to find promising technologies for

the next generation of land-based wind turbines. The Big
Adaptive Rotor project focuses on turbines with rotors that
stretch 206 meters in diameter, increasing capacity factors
by 10% or more over a typical land-based turbine. Now in its
second phase, the project leveraged Eagle to run hundreds
of wind farm simulations and thousands of aero-servo-elastic
simulations (i.e,, coupled interactions among aerodynamics,
structural dynamics, and control systems) to investigate the
performance and dynamic behavior of very flexible wind
turbines. The computational work on Eagle resulted in more
accurate numerical models that are leveraged to accurately
predict the dynamic behavior and the performance of

wind turbines in the field. The new models investigate the
potential of new concepts, such as new automated wind
turbine optimization techniques based on full aero-servo-
elastic models and the potential of trailing edge flaps (i.e,,
movable sections or surfaces of a blade edge), which are
used to dynamically control and optimize the aerodynamic
performance of the blade during different wind conditions.
Another example is the investigation of wind farms made

of turbines flying downwind rotors (rotors that sit behind,
and not in front of, the tower), which have the potential to
maximize the power performance of very large wind farms.
The Big Adaptive Rotor team works with a variety of industrial
partners exchanging data, models, and improvements. The
entirety of this work provides a foundation for numerous
design studies to innovate the world of land-based wind
energy.
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Modeling Offshore Wind
Speeds Over Long Term
Improves Wind Project
Planning

The Wind Integration National Dataset Toolkit is the largest
publicly available U.S. wind resource data set in the world.
NOW-23 (2023 National Offshore Wind data set)—NRELs
new 21-year data set—now replaces the Toolkit's offshore
wind component, leveraging state-of-the-art advancements
in the Weather Research and Forecasting modeling for
wind speed not previously available. These long-term data
sets are critical for wind energy stakeholders to perform
more accurate energy production estimates, capacity
expansion studies, and levelized cost of energy analyses.

In fact, studies show that a small uncertainty change in

the modeled mean wind speed translates into almost
double the uncertainty for the long-term prediction of

the annual energy production of a wind plant, which is
associated with significantly higher interest rates for new
wind project financing. Thus, the NOW-23 data set will be
invaluable to offshore wind energy stakeholders, including
developers, owner/operators, consultants, financiers,
utilities, and researchers. With funding from the National
Offshore Research and Development Consortium managed
by the New York State Energy Research and Development
Authority, the Bureau of Ocean Energy Management, and
DOE, NRELs latest data set also incorporates wind speed
uncertainty quantification for selected U.S. offshore regions,
and it is available at no cost to the public.
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Modeled Wave and Tidal
Hindcasts Help Planning and
Engineering

Interest in offshore wind, water, and tidal energy power
generation is growing, necessitating models that can
estimate wave conditions, tidal currents, and relative-
risk-ratios for design. This project is a joint effort between
Pacific Northwest National Laboratory, Sandia National
Laboratories, and NREL. Researchers utilized the Eagle
supercomputer as well as cloud computing to simulate
and process wave and tidal hindcasts and expanding
publicly available high-resolution data sets using the
wave models WaveWatch3 and SWAN. The team further
computed global extreme significant wave heights and
modeled the effects of the Gulf Stream on ocean waves
and wave energy. Commercial developers have shown
interest in the data sets, which meet their growing need
for resource estimates to help with project planning

and device engineering. The research also helped
determine hot spots and inform site selection for other
multilaboratory research projects such as the Deployment
Readiness Framework and coastal structure integrated
wave energy converters. An updated user interface in the
Marine Energy Atlas aims to make querying data layers
and downloading bulk data more efficient.
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Computational Modeling
Targets Wave Structural
Loads for Designing Marine
Energy Converters

Performance and load predictions for ocean renewable
energy systems are complex—nonlinear waves and ocean
current forces interact and affect floating, possibly flexible,
multibody systems. Wave energy converter design methods
have traditionally only considered hydrodynamic loads,

so NREL researchers—funded by the EERE's Water Power
Technologies Office—aim to accurately evaluate structural
loads to develop cost-efficient wave energy converters.
NRELs Eagle supercomputer enabled the team to quantify
the accuracy of numerical tools with different fidelity

(from low to high) for wave energy converters, implement
computational fluid dynamics of marine energy conversion
devices, and verify and validate an oscillating water column
wave energy converter. Additionally, the verification and
validation effort for an unsteady loading tidal turbine
benchmarking study demonstrated a large data set that
researchers and design engineers can test models and
implementations against, helping reduce uncertainty and
provide increased confidence in the engineering process.
The work highlights potential guidelines to produce
benchmark experimental data suitable for comparing the
relative accuracy of different levels of numerical modeling.
The work also enhanced wave energy converter simulation
capabilities, which can accelerate marine energy converters'
development through the availability of open-source tools
and reduced computational requirements.
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Evolving Climate Conditions
and Uncertainty Are Key to
Assessing Market Dynamics

To investigate the impact of wholesale electricity market
mechanisms on power system reliability, operations,

and prices, a team comprised of researchers from NREL,
Argonne National Laboratory, Lawrence Berkeley National
Laboratory, the Electric Power Research Institute, and
Johns Hopkins University—and funded by the Wind
Energy Technologies Office, the Office of Nuclear Energy,
the Water Power Technologies Office, and the Office of
Strategic Analysis—convened to tackle a broad range of
market design topics. Researchers used input from U.S.
independent system operator stakeholders to examine how
market design—capacity markets and operating reserve
demand curves, which differ in how they support resource
adequacy—affect resource adequacy. The team then

used these insights to explore how market structure can
efficiently signal for attributes needed to ensure resource
adequacy. Results indicate that capacity markets incentivize
more capacity than operating reserve demand curves
alone, while operating reserve demand curves better signal
needed capacity commitment with a one-day outlook.
Using the Eagle supercomputer, researchers demonstrated
the importance of capturing evolving climate conditions
and climate uncertainty when assessing wholesale market
dynamics, as changes in weather patterns can significantly
affect system costs and resource revenues. The project
results showcase how various market rules can efficiently
incentivize independent system operators to focus on
attributes likely to contribute to resource adequacy on
operational and investment timescales.
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More Realistic
Interpretation of Solar
Potential Revealed Through
Local Ordinance Models

Understanding the solar energy potential of a region

is one part of the equation to make decarbonization a
reality. Ultimately, land siting restrictions at the county or
township level influence whether solar technologies can

be installed. To date, decarbonization futures research has
not incorporated the many rules local communities are
instituting to guide or restrict solar energy development.
To address this knowledge gap, NREL researchers collected
more than 800 solar ordinances at the county level—and
some at the municipal level—in the contiguous United
States to understand their impacts on solar potential and
illuminate possible land-use conflicts. The team found that
extrapolating these ordinances throughout the country can
reduce solar potential by 38%, depending on the size of the
setbacks applied. These results indicate the importance of
capturing setback ordinances in resource assessments to
avoid overstating the resource potential, especially when
considering highly decarbonized futures.
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Well-Designed Wholesale
Electricity Market Structures
Necessary To Achieve Clean
Energy Targets

Electric power generators need confidence in clean energy
resource adequacy to achieve clean energy targets cost-
effectively across timescales in an evolving system—before
they incorporate clean energy technologies into their
fleets. Performance metrics are influenced by competitive
wholesale electricity market structures that vary across
regions. Using DOE Office of Strategic Analysis funding

to run the Electricity Markets and Investment Suite
agent-based simulation model, NREL investigated the
influence of market designs on the deployment of different
technologies over multiple years—while also accounting
for risk, uncertainty, and decarbonization policies of
45%-100% clean energy by 2035. Results highlight a
complexity conundrum, whereby finding the "right”
market design to achieve decarbonization goals can be a
highly nuanced, nonincremental challenge. A promising
insight is that even one well-designed market mechanism
can help power producers achieve desired clean energy
targets. These results help market planners, operators,

and other stakeholders understand how various market
products can enable the evolution of the generator fleet to
simultaneously achieve a range of decarbonization goals
and resource adequacy targets.
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Improved Data Pipeline
Supports Scalable Clean
Energy Solutions for
Communities

Underpinning community projects are big, complex
integrated modeling efforts that attempt to integrate
historically siloed models to answer big questions.
Coordinating and managing this integration across
multiple models, community data sources, researcher
analytics, and visualization capabilities is challenging.

This data flow—or “pipeline"—is composed of multiple
steps to manage, collect, transform, analyze, and visualize
data across an integrated modeling project. Inspired by
this complex data management challenge, NREL created
Pipeline for Integrated Projects in Energy Systems (PIPES),
a project management, data management, and workflow
management layer for integrated modeling teams. PIPES
works to connect and synchronize modeling and data
requirements across diverse modeling workflows to help
manage team activities and the diverse data paradigms
associated with integration; helps teams find and share
data, track progress, validate models, and find errors early;
and improves integration speed (by reducing coordination
time). PIPES is built as a hybrid computing solution that

is model- and data-agnostic. It can work with data from
any model in any location, enabling critical data and
analyses to flow between these assets and coordinate data
sharing and dissemination of results across teams and
with the community. PIPES was developed under DOE's
Clean Energy to Communities (C2C) program to help scale
multiyear and multilab in-depth partnership projects with
many communities simultaneously.
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Capturing Supply
Chain Processes To
Improve Sustainable
Manufacturing

Current understanding of supply chain
greenhouse gas emissions and energy use in the
manufacturing sector is often skewed by focusing
exclusively on process-level activities. To get a
more comprehensive view of manufacturing
activities, NREL developed the Material Flows
Through Industry tool. Analyses supported by
this tool provide a holistic view of the overall
energy-related carbon emissions associated with
the entire supply chain’s activities for commodity
material or technology deployment—from
evaluating energy and materials inputs in the
initial manufacturing stages to evaluating those of
the final production stages.

Utilizing cloud computing capabilities enables
the Material Flows Through Industry tool to be
accessible to a broad public audience. It also
enables the project team to easily add new data
on novel technology pathways and commodity
materials, perform scenario analyses, debug the
tool, and maintain data access and privacy for
the users. The Material Flows Through Industry
tool has advanced research in decarbonization
scenario analysis across multiple sectors, including
plastics and petrochemicals, iron and steel, wind
energy, glass, pulp and paper, cement, and
chemicals, and is key to identifying opportunities
to reduce the energy and carbon intensities of
supply chains in the U.S. manufacturing sector.
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New Energy Build-outs, Scenarios, and
Contingency Data Aid Power Grid Planning

For a resilient power grid, transmission expansion planning and resilient operations tools must keep pace with evolving
power generation technologies and threats to resilience. As more renewable energy is added, power grids will need
updates that can handle this new generation. The Exascale Computing Project Stochastic Grid Dynamics team
developed high-fidelity mathematical models and representations of uncertainty—modeling generation scenarios
and security contingencies—to address these challenges. They developed a workflow that uses NREL tools—the
Renewable Energy Potential Model and System Advisor Model—along with the Wind Integration National Dataset
Toolkit on the Eagle supercomputer to perform build-outs of renewable energy resources on large-scale, realistic test
systems. These build-outs enable the study of stochastic operations, infrastructure expansion, and the ramifications of
high penetrations of renewable energy resources on existing power grids. The results from Eagle enabled the Exascale
Computing Project Stochastic Grid Dynamics team to demonstrate the performance of their software stack on Frontier,
the new exascale HPC system located at Oak Ridge National Laboratory.

Enhanced ExaWind Code Enables High-Fidelity
Simulations of Breaking Waves for Offshore Wind Energy

Led by NREL, a multilaboratory team of researchers developed ExaWind, a high-fidelity suite of codes designed for HPC,
including the first exascale-class supercomputer, Frontier. Originally designed for land-based wind turbines and plants,
ExaWind—thanks to the team’s recent efforts—can now produce high-fidelity simulations of the wind-wave environment,
which is a key step toward simulating floating offshore wind turbines. This capability is key to achieving U.S. offshore wind
energy deployment goals. In FY 2023, the AMR-Wind solver in ExaWind was enhanced to simulate breaking waves, a
highly nonlinear phenomenon, which is important for modeling and understanding the dynamics and loads of offshore
wind turbines. In addition to increasing our understanding of an incredibly complex system, simulations from high-fidelity
models, like ExaWind, serve as the foundation for next-generation engineering models.
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Software Records

ADoSPSiQS (Automated
Detection of Symmetry
Protected Subspaces in
Quantum Simulations)

BuildingsBench (BuildingsBench:

A Benchmark for Universal
Building Load Forecasting)

Day-Ahead Market Price
Interpretability

eagle-jobs

EvoProtGrad (Directed Evolution
for Proteins with Gradients)

ExaWind-driver

MARBLES (Multi-scale
Adaptively Refined
Boltzmann LatticE Solver)

NMACFoam (Numerical-model for
Membrane-spacer Assemblies and
Configurations in OpenFOAM)

OCHRE ™ Gymnasium
(ochre_gym)

PVade (PV Aerodynamic
Design Engineering)

pyletid

Sulfur Thermal Energy Storage
Machine Learning ML

tih_vge (Variational Quantum
Eigensolver for the Bond
Dissociation of Hydride
Diatomic Molecules)

SWR-23-55

SWR-23-51

SWR-23-61

SWR-23-34

SWR-23-48

SWR-23-10

SWR-23-37

SWR-23-57

SWR-23-47

SWR-23-49

SWR-23-40

SWR-23-02

SWR-23-32
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118.

119.

120.

121.

122.

123.

124.

Prabakar, Kumaraguru; Lunacek, Monte; Velaga,

Yaswanth Nag; Singh, Akanksha. “Visualizing Fault
Induced Traveling Waves In Medium Voltage Systems.”’
Proceedings of the 2022 IEEE IAS Petroleum and Chemical
Industry Technical Conference (PCIC). 2022. NREL/
CP-5D00-87266.

Prabakar, Kumaraguru; Velaga, Yaswanth Nag; Hoke,
Andy; Jain, Rishabh; Sawant, Jay; Vaidhynathan, Deepthi;
Yu, Li; Aramaki, Ken; Unruh, Lukas; Isaacs, Andrew.
“Understanding Impacts of Frequency Calculations on
Underfrequency Load Shedding.” Proceedings of the
2023 IEEE Rural Electric Power Conference (REPC). 2023.
NREL/CP-5D00-85523.

Ross, Hannah; Willden, R. H. J; Chen, X; Harvey, S. W. Tucker;
Edwards, H.; Vogel, C. R; Bhavsar, K; Allsop, T, Gilbert, J,;
Mullings, H.; Ghobrial, M.; Ouro, P; Apsley, D,; Stallard, T,
Benson, I, Young, A; Schmitt, P; Zilic de Arcos, F; Dufour,
M.-A,; Choma Bex, C; Pinon, G, Evans, A. |; Togneri, M.;
Masters, I, da Silva Ignacio, L. H,; Duarte, C. A. R; Souza, F.

J; Gambuzza, S, Liy, Y, Viola, . M; Rentschler, M,; Gomes,
T,Vaz, G; Azcueta, R; Ward, H,; Salvatore, F; Sarichloo,

Z.; Calcagni, D,; Tran, Thanh Toan; Oliveira, M,; Puraca, R,
Carmo, B. S. “Tidal Turbine Benchmarking Project: Stage |
- Steady Flow Blind Predictions!” European Wave and Tidal
Energy Conference. 2023. Preprint. NREL/CP-5700-86715.

Satkauskas, Ignas; Maack, Jonathan; Reynolds, Matthew;
Sigler, Devon; Panda, Kinshuk; Jones, Wesley. “Emergency
Generation Asset Positioning for Resilient Transmission
Grid Operation.” 2023 IEEE Power and Energy Society
General Meeting. Preprint. 2023. NREL/CP-2C00-84712.

Sethuraman, Latha; Labuschagne, C. J. J; Hanley, Tod;
Paranthaman, M. P; Fingersh, Lee Jay. “An Assessment of
Additively Manufactured Bonded Permanent Magnets
for a Distributed Wind Generator.” International Electric
Machines and Drives Conference (IEMDC). 2023. Preprint.
NREL/CP-5000-85626.

Sharma, Ashesh; Beig, Shahaboddin A; Whitehouse, Glen
R, Boschitsch, Alexander H,; Brazell, Michael J,; Henry

de Frahan, Marc T; Sprague, Michael A. “Developing a
Vorticity-Velocity-Based Off-Body Solver to Perform
Multifidelity Simulations of Wind Farms.” Proceedings
of the 2023 American Institute of Aeronautics and
Astronautics (AIAA) SciTech Forum. 2023. NREL/CP-5000-
84808.

Tran, Thanh Toan; Dhanak, Manhar; Beaujean, P-P;
Frankenfield, John; Hall, Adam; Henderson, Edward;
McKinney, Adriana; Pimentel, Hugo. “Development
of an Unmanned Mobile Current Turbine Platform.”
Proceedings of the 15th European Wave and Tidal Energy
Conference. 2023. NREL/CP-5700-87595.

125.

126.

127.

128.

129.

130.

131.

Wang, Lu; Jonkman, Jason; Hayman, Greg; Platt,

Andy; Jonkman, Bonnie; Robertson, Amy. “Recent
Hydrodynamic Modeling Enhancements in OpenFAST”
Proceedings of the ASME 2022 4th International Offshore
Wind Technical Conference. 2022. NREL/CP-5000-85494.

Wang, Qichao; Severino, Joseph; Sorensen, Harry;

Sanyal, Jibonananda; Ugirumurera, Juliette; Wang,

Chieh (Ross); Berres, Andy; Jones, Wesley; Kohls, Airton;
VenkataDurga, Rajesh Paleti Ravi. “Deploying a Model
Predictive Traffic Signal Control Algorithm - A Field
Deployment Experiment Case Study.” Proceedings of
the 2022 IEEE 25th International Conference on Intelligent
Transportation Systems (ITSC). 2022. NREL/CP-2C00-85004.

Wang, Wenbo; Cai, Mengmeng; Fang, Xin; Irwin, Chris.
“Impact of Open Communication Networks on Load
Frequency Control with Plug-In Electric Vehicles by
Cyber-Physical Dynamic Co-Simulation.” Proceedings of
the 2023 IEEE Power & Energy Society Innovative Smart
Grid Technologies Conference (ISGT). 2023. NREL/CP-6A40-
86261.

Wiley, Will; Tran, Thanh Toan; Boerner, Thomas; Weston,
Collin; Wang, Lu. “An Efficient Three-Dimensional
CFD-Based Numerical Wave Tank for a Wave Energy
Converter in Extreme Irregular Waves.” Preprint. NREL/
CP-5700-85391.

Wiley, Will; Tran, Thanh Toan; Lawson, Michael; Barrington,
Matthew. “Computational Fluid Dynamics Study of

a Cross-Flow Marine Hydrokinetic Turbine and the
Combined Influence of Struts and Helical Blades.” ASME
2023 42 International Conference on Ocean, Offshore
and Arctic Engineering (OMAE 2023). Preprint. NREL/
CP-5700-85392.

Yao, Yiyun; Pei, Yansong; Zhao, Junbo; Ding, Fei; Wang,
Jiyu. “Two-Stage Deep Reinforcement Learning for
Distribution System Voltage Regulation and Peak Load
Management!” 2023 |IEEE Power and Energy Society
General Meeting. Preprint. NREL/CP-5D00-84637.

Yao, Yiyun; Wang, Haoyi; Zhao, Junbo; Ding, Fei.
“Online Model-Free Chance-Constrained Distribution
System Voltage Control Using DERs." 2023 |EEE Power
and Energy Society General Meeting. Preprint. NREL/
CP-5D00-84638.
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Posters

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Atnoorkar, Swaroop, Laura Vimmerstedt, Emily Newes,
Steve Peterson, Marshall Wise, Candelaria Bergero, and
Daniel Inman. “Decarbonization Scenarios in the United
States: Comparing Biofuels Growth in Two Models -
GCAM and BSM!" Presented at Integrated Assessment
Modeling Consortium Conference. College Park, MD,
2022.

Blonsky, Michael; Blonsky, Michael. “An Integrated
Framework for Effective Management of Delivery Risk
in Electricity Markets: From Batteries to Insurance and
Beyond! NREL/PO-6A40-85555.

Cohen, S, Schwarz, M., Ho, J,, Zhai, H.,, Wu, W.2022.
“Multiscale Electricity Modeling for Evaluating Carbon
Capture and Sequestration Technologies. Presented at
2022 ARPA-E Innovation Summit.

Cole, Wesley; Cole, Wesley; Lopez, Anthony; Sergi, Brian;
Levine, Aaron; Carey, Jesse; Mangan, Cailee; Mai, Trieu;
Williams, Travis; Pinchuk, Paul; Gu, Jianyu. “Understanding
How Siting Ordinances Impact Wind and Solar Resource
Availability” NREL/PO-6A40-85461.

Deak, Nicholas; Deak, Nicholas; Lu, Yimin; Sitaraman, Hari.
“Biomass Feedstock Flow Modeling at Exascale!” 2023
FCIC Annual Meeting. Knoxville, TN. NREL/PO-2C00-86398.

Duplyakin, Dmitry; Menear, Kevin; Duplyakin, Dmitry.
“Is Knowledge About Running Applications Helping
Improve Runtime Prediction of HPC Jobs?” NREL/
PO-2C00-86578.

Ghosh, Tapajyoti; Ghosh, Tapajyoti; Uekert, Taylor;
Walzberg, Julien; Carpenter, Alberta. “Towards a Circular
Economy for PET Bottles in the US!NREL/PO-6A20-86695.

Habte, Aron; Sengupta, Manajit; Habte, Aron; Xie, Yu;
Buster, Grant; Bannister, Mike; Rossol, Michael; Edwards,
Paul; Maclaurin, Galen; Rosenlieb, Evan; Yang, Jaemo;
Sky, Haiku; Roberts, Billy. “Recent Improvements in the
National Solar Radiation Database (NSRDB)."
NREL/PO-5D00-83375.

Kempe, Michael; Kempe, Michael D,; Ovaitt, Silvana;
Springer, Martin; Brown, Matthew; Jordan, Dirk; Sekulic,
William; O'Brien, Colleen; Jaubert, Jean-Nicholas; Yu,
Yuanjie; Oh, Jaewon; Tamizhmani, Govindasamy; Li, Bo.
“Close Roof Mounted System Temperature Estimation for
Compliance to IECTS 63126 NREL/PO-5K00-85093.

Moreno, Gilbert; Bennion, Kevin; Feng, Xuhui; Kotecha,
Ram; Major, Josh; Tomerlin, Jeff. “Power Electronics
Thermal Management!”NREL/PO-5400-82714.
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142.

143.

144.

145.

146.

147.

148.

149.

150.

N. A, Sreejith; Sitaraman, Hariswaran; Day, Marc; Suleiman,
Yara; Shabazmohamadi, Sina; Wu, Jishan; Hoek, Eric.
“Simulation of Reverse Osmosis Membrane Compaction
Using Material Point Method (MPM).” NAWI Quarterly
Review, National Renewable Energy Laboratory, Golden,
CO. NREL/PO-2C00-85460.

Niffenegger, James; Boren, Blake; Mendoza, Nicole; Murdy,
Paul; Weber, Jochem. “Hexagonal Distributed Embedded
Energy Converters (HexDEECs).” NREL/PO-5700-84076.

Prabakar, Kumaraguru; Flores, Robert; Vaidhynathan,
Deepthi; Brower, Jack; Chase, Jeffrey; Leiva, Joe; Symko-
Davies, Martha. “Interconnection and Interoperability
Requirements of Hydrogen Assets to Enable Grid
Integration” NREL/PO-5D00-85146.

Sandhu, Rimple; Sandhu, Rimple; Tripp, Charles; Quon,
Eliot; Thedin, Regis; Brandes, David; Braham, Melissa; Miller,
Tricia; Duerr, Adam; Farmer, Chris. “Decoding Golden
Eagle Movement Behavior from High-Resolution,
Variable-Rate Telemetry Data Through Bayesian Filtering”
NREL/PO-2C00-84610.

Satkauskas, Ignas; Maack, Jonathan; Reynolds, Matthew;
Sigler, Devon; Panda, Kinshuk; Jones, Wes. “Emergency
Asset Positioning for Resilient Transmission Grid
Operation.”NREL/PO-2C00-86874.

Satkauskas, Ignas; Reynolds, Matthew; Maack, Jon; Sigler,
Devon; Panda, Kinshuk; Larson, Clara; Jones, Wesley.
“Evolution of Scenario Generation Capabilities in the
ExaSGD Project” 2023 Exascale Computing Project
Annual Meeting.

Sigler, Devon; Sigler, Devon; Wang, Qichao; Liu, Zhaocai;
Garikapati, Venu; Kotz, Andrew; Kelly, Kenneth J; Lunacek,
Monte; Phillips, Caleb. “Route Optimization for Energy
Efficient Airport Shuttle Operations - A Case Study from
Dallas Fort Worth International Airport”’
NREL/PO-2C00-78893.

Sigler, Devon; Ugirumurera, Juliette; Lara, Jose Daniel;
Dalvi, Sourabh; Barrows, Clayton. “Solving Unit
Commitment Problems with Demand Responsive Loads.”
NREL/PO-2C00-83433.

Sprague, Michael A,; Bidadi, Shreyas; Brazell, Michael;
Brunhart-Lupo, Nicholas; Henry de Frahan, Marc; Rood,
Jon; Sharma, Ashesh; Topcuoglu, llker; Vijayakumar,
Ganesh; Crozier, Paul; Berger-Vergiat, Luc; Dement, David;
de Velder, Nathaniel; Hu, Jonathan; Knaus, Robert; Hun
Lee, Dong; Matula, Neil; Overfelt, James; Sakievich, Philip;
Smith, Timothy; Williams, Alan; Prokopenko, Andrey;
Moser, Robert; Melvin, Jeremy. “ExaWind: Then and Now!”
NREL/PO-5000-84980.
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151.

Yang, Jaemo; Sengupta, Manajit; Xie, Yu; Habte, Aron;
Jimenez, Pedro A; Kim, Ju-Hye. “Using High-Resolution
NSRDB Data to Evaluate Cloud Mask Forecast from WRF-
Solar EPS”NREL/PO-5D00-86181.

Presentations

152.

153.

154.

155.

156.

157.

158.

Epstein, Alexander R; Ruan, Xiaoxu; Demarteau, Jeremy;
Dailing, Eric; Guha, Rishabh; Helms, Brett A.; Cox, Stephen
J,;;and Persson, Kristin A. “Enabling Circular Polymers
Through Computational Design.” Materials Research
Society Spring Meeting, San Francisco, 2023.

A. Latif. 2022. “Co-Design of Transmission and
Distribution for improved power system planning and
operation.” OpenMDAO Workshop, 2022.

Allen, Jeffery M.; Weddle, Peter J,; Verma, Ankit; Usseglio-
Viretta, Francois; Colclasure, Andrew M,; and Smith,
Kandler. “Enhancing Lithium-lon Battery Aging
Simulations: Coupling a High-Resolution, 3D, Grain-
Scale Electromechanical Model to a Single-Particle
Model!” NREL/PR-2C00-83439.

Appukuttan, Sreejith N. A,; Sitaraman, Hariswaran; Day,
Marc; Suleiman, Yara; Shabazmohamadi, Sina; Wu,
Jishan; and Hoek, Eric. “Simulation of Reverse Osmosis
Membrane Compaction Using Material Point Method.”
SIAM Conference on Computational Science and
Engineering (CSE2023), Amsterdam, 2023.
NREL/PR-2C00-85437.

Baggu, Murali. “Puerto Rico Grid Resilience and
Transitions to 100% Renewable Energy Study (PR100).”
41st Puerto Rico Interdisciplinary Scientific Meeting
(PRISM) & 56th ACS Junior Technical Meeting, Bayamon,
Puerto Rico, 2023. NREL/PR-5C00-86182.

Bennett, Jesse; Meintz, Andrew; Harper, Jason D, Jun,
Myungsoo; and Bohn, Theodore. “EVs@Scale Deep Dive

- SCM/VGI (Day 2: SCM/VGI Demonstration).” EVs@Scale
Lab Consortium SCM/VGI Deep Dive Discussions Fall 2022.
NREL/PR-5400-84294.

Bennett, Jesse; Meintz, Andrew; Liu, Zhaocai; Borlaug,
Brennan; Zhang, Mingzhi; Jones, Christian Birk; Ghosh,
Shibani; Panossian, Nadia; Pennington, Timothy; and
Sundarrajan, Manoj. “EVs@Scale Deep Dive - SCM/VGI
(Day 1: SCM/VGI Analysis)!” EVs@Scale Lab Consortium
SCM/VGI Deep Dive Discussions Fall 2022.
NREL/PR-5400-84273.

159.

160.

161.

162.

163.

164.

165.

Bernstein, Andrey; Cavraro, Guido; Cui, Bai; Poolla, Bala;
Zamzam, Ahmed; Satkauskas, Ignas; Vaidhynathan,
Deepthi; Clark, Caity; King, Jennifer; Romero Lankao,
Patricia; and Cox, Jordan. “Real-Time Resilience of Energy
Systems!” NREL/PR-5D00-84155.

Bhaduri, Anindya; Krishnan Ravi, Sandip; Shen, Chen;

Ju, Siyeong; Jiao, Yang; Huang, Shenyan; Brennan,

Marissa; Karnati, Sreekar; Wang, Liping; Sun, Changjie;

Kitt, Alexander; Kerwin, Lee; Mohr, Luke; Yuan, Lang; and
Seyyedhosseinzadeh, Hamedreza. “Discovering the crack
formation criteria for Rene 80 superalloys in Laser Blown
Directed Energy Deposition.” AIAA SciTech Forum, 2023.

Blonsky, Michael. “Managing Uncertainty and Flexibility
in Day-Ahead Electricity Markets.” ESIG Meteorology &
Market Design for Grid Services Workshop, 2023.
NREL/PR-6A40-86693.

Borlaug, Brennan; Wood, Eric; Moniot, Matt; Lee, D-Y;; Ge,
Yanbo; Yang, Fan; and Liu, Zhaocai. “Modeling U.S. Light-
Duty Demand for EV Charging Infrastructure in 2030
2023. NREL/PR-5400-86980.

Bortolotti, Pietro; Barter, Garrett; Sethuraman, Latha; Keller,
Jon; and Torrey, David. “A Comparison of Generator
Technologies for Offshore Wind Turbines.” INFORMS
Annual Meeting, 2022. NREL/PR-5000-85341.

Burton, Robin; Baggu, Murali; Rhodes, Jill; Blair, Nate; Harris,
Tom; Sengupta, Manajit; Barrows, Clayton; Sky, Haiku;

Yang, Jaemo; Elsworth, James; Das, Paritosh; Duffy, Patrick;
Zuckerman, Gabriel; Stefek, Jeremy; and Joshi, Prateek.
2022. “Analysis and Technology Needs for Getting to
100% Renewable Energy: Puerto Rico Grid Resilience and
Transitions to 100% Renewable Energy Study (PR100)
Example!” IEEE Power and Energy Society (PES) Innovative
Smart Grid Technologies Europe (ISGT Europe), 2022.

Burton, Robin; Blair, Nate; Baggu, Murali; Sky, Haiku; Harris,
Tom; Barrows, Clayton; Gevorgian, Vahan; Keen, Jeremy;
Sengupta, Manajit; Weiner, Cameron; Morris, James; Das,
Paritosh; Elsworth, James; Joshi, Prateek; McKinsey, Joseph;
Dhulipala, Surya; Lewis, Lawrence Paul; Murphy, John;
Cappers, Peter; Forrester, Sydney; Deason, Jeff; Pigman,
Margaret; Ollis, Ben; Carvalhaes, Thomas; Elizondo, Marcelo;
Fan, Xiaoyuan; Maloney, Patrick; Chalishazar, Vishvash;
Lave, Matthew; Wachtel, Amanda; Cutler, Harvey; Shields,
Martin; and Chait, Michele. “Avances a un ano del PR100:
Resultados Preliminares del Modelzacion y Conjuntos
de Datos Solares y Eolicos de Alta Resolucion.” 2023.
NREL/PR-7A40-85201.
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166.

167.

168.

169.

170.

171

172.

173.

174.

Burton, Robin; Blair, Nate; Baggu, Murali; Sky, Haiku; Harris,
Tom; Barrows, Clayton; Gevorgian, Vahan; Keen, Jeremy;
Sengupta, Manajit; Weiner, Cameron; Morris, James; Das,
Paritosh; Elsworth, James; Joshi, Prateek; McKinsey, Joseph;
Dhulipala, Surya; Lewis, Lawrence Paul; Murphy, John;
Cappers, Peter; Forrester, Sydney; Deason, Jeff; Pigman,
Margaret; Ollis, Ben; Carvalhaes, Thomaz; Elizondo,
Marcelo; Fan, Xiaoyuan; Maloney, Patrick; Chalishazar,
Vishvas; Lave, Matthew; Wachtel, Amanda; Cutler, Harvey;
Shields, Martin; and Chait, Michele. “PR100 One-Year
Progress Update: Preliminary Modeling Results and
High-Resolution Solar and Wind Data Sets.” 2023. NREL/
PR-7A40-85126.

Buster, Grant; Benton, Brandon; Pinchuk, Paul; Glaws,
Andrew; and King, Ryan. “Spatiotemporal Super-
Resolution with Generative Machine Learning for
Creating Renewable Energy Resource Data Under
Climate Change Scenarios.” Innovations in Climate
Resilience, March 29, 2023. NREL/PR-6A20-85711.

Cai, Mengmeng. “Impact of Wildfires on Solar
Generation, Reserves and Energy Prices.” IEEE Green
Technologies Conference 2023, April 19, 2023.
NREL/PR-5D00-86061.

Cai, Mengmeng; Yang, Rui; and Ingram, Michael.
“Situational Awareness of Grid Anomalies (SAGA)”
Israel-U.S. Initiative on Cybersecurity Research and
Development for Energy (ICRDE), 2022. NREL/PR-5D00-
84465.

CaraDonna, Chris; Adams, Lauren; Kim, Janghyun; Klun,
Lauren; LeBar, Amy; Parker, Andrew; and Woldekidan,
Korbaga. “End-Use Savings Shapes - Public Dataset
Release: Commercial 2023 Release 1" 2023.
NREL/PR-5500-85853.

Chung, Mark. “Heavy-Duty Hydrogen Fueling Station
Corridors!” NREL/PR-5400-86138.

Cohen, Stuart; Zhai, Haibo; Wu, Wanying; Ho, Jonathan;
and Schwarz, Marty. “Multiscale Electricity Modeling
for Evaluating Carbon Capture and Sequestration
Technologies!” Presented at 2022 ARPA-E FLECCS
Annual Meeting.

Cohen, Stuart M. “Data and Tools for Exploring
New Pumped Storage Hydropower Deployment
Opportunities!” HydroVision International, July 2023.
NREL/PR-6A40-86879.

Crowley, Meagan; Sitaraman, Hariswaran; Thornburg,
Nicholas E.; Medford, Andrew; Yonge, Adam; Fushimi,
Rebecca; Bharadwaj, Vivek; Pecha, M. Brennan; and
Ciesielski, Peter. “Simulating Catalysis with Realistic Pellet
Geometries Using Mesoflow: A Case Study of Catalytic
Propane Dehydrogenation!” American Chemical Society
Fall Meeting, 2023. NREL/PR-2800-87126.
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176.

177.

178.

179.

180.

181.

182.

183.

De Silva, Thushara; Jorgenson, Jennie; Veselka, Thomas;
Ploussard, Quentin; and Pracheil, Brenda. “Hydropower
Role in a Power Grid with a High Proportion of Variable
Renewables” HYDROVISION International, 2023.
NREL/PR-6A40-86725.

De Silva, Thushara; Veselka, Thomas; Jorgenson, Jennie;
Ploussard, Quentin; Palmer, Clayton; and Russ, Stacy.
“Projecting Future Colorado River Basin Water and
Hydropower Operations.” American Geophysical Union
(AGU) Fall Meeting, 2022. NREL/PR-6A40-84748.

Deline, Chris; Anderson, Kevin; Jordan, Dirk; Perry, Kirsten;
Deceglie, Michael; and White, Robert. “De-Risking Large-
Scale PV Systems Through Data Analytics.” RE Plus, 2023.
NREL/PR-5K00-87455.

Dinh, Huyen; Alia, Shaun; Pivovar, Bryan; Ager, Joel;

Toma, Fracesca; Weber, Adam; Ding, Dong; Zhang, Qian;
McDaniel, Anthony; Bishop, Sean; Ogitsu, Tadashi; and
Wood, Brandon. “HydroGEN Overview: A Consortium on
Advanced Water Splitting Materials” U.S. Department
of Energy (DOE) Hydrogen Program Annual Merit Review
and Peer Evaluation Meeting (AMR), 2023.
NREL/PR-5900-86214.

Dinh, Huyen; Harrell, Emily; Vader, Christina; and Hurst,
Rachel. “"HydroGEN and H2NEW Data Hub.” H2NEW
In-Person Meeting, Napa, CA, 2023. NREL/PR-5900-85770.

Fink, Kae; Soto, Mel; Schulze, Maxwell C,; Carroll, Gerard
Michael; Weddle, Peter J,; Verma, Ankit; Palmer, Jack;
Zweifel, Christof; Neale, Nathan R, Colclasure, Andrew

M.; and Tremolet de Villers, Bertrand J. “Gas-Phase
Composition as a Predictive Metric for Calendar Life
Behavior of Next-Generation Silicon Anodes.” 2023 MRS
Spring Meeting, San Francisco, CA, 2023.
NREL/PR-5700-86003.

Ghosh, Shibani; Harper, Jason D.; Zhang, Mingzhi;
Sundarrajan, Manoj Kumar Cebol; Lohse, Joachim; and
Edie, Christie-Anne. “Electric Vehicles at Scale (EVs@
Scale) Laboratory Consortium Deep-Dive Technical
Meeting: May 18, 2023 2023. NREL/PR-5400-86457.

Glaws, Andrew; Harrison-Atlas, Dylan; King, Ryan; and
Lantz, Eric. “Scaling Wind Power Innovation Assessment
for Rapid Energy Transition with Artificial Intelligence”
39th USAEE/IAEE North American Conference, 2022.
NREL/PR-2C00-84403.

Gonder, Jeff. “Core Modeling & Decision Support
Capabilities: FASTSim, RouteE, T3CO & OpenPATH.”
NREL/PR-5400-86034.
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191.

192.

193.

194.

195.

Goyal, Anuj; Bauers, Sage; and Lany, Stephan. “Instability
of Rock-Salt Cubic NbN in Density Functional
Calculations!” NREL/PR-5K00-82403.

Gruchalla, Kenny. “Immersive Digital Twins and Decision
Making!” Digital Engineering Conference, 2023.
NREL/PR-2C00-86113.

Guittet, Darice; Knueven, Ben; Gao, Xian; Ghouse, Jaffer;
Satkauskas, Ignas; Dowling, Alexander; Jones, Wes; Siirola,
John; and Miller, David. “Market-Integrated Optimization
of Wind-Battery-Hydrogen Hybrids for Peaking Capacity
via Storage!” INFORMS, 2022.

NREL/PR-7A40-84357.

Hoke, Andy. “What Are DERs and How Can They Be
Used?” Modern DER Capabilities and Deployment
Considerations Workshop, 2023. NREL/PR-5D00-85778.

Hosseinzadeh, H., Yuan, L., Mohr, L., Kerwin, L., Bhaduri,
A, Dhakad, A, Shen, C, Huang, S, Sun, C, and Kitt, A.
L. “Prediction of Solidification Cracking in Rene 80
Superalloy During the Directed Energy Deposition
Process!” TMS Annual Meeting & Exhibition, 2023.

Jin, Xin. “Al-Driven Smart Community Control for
Accelerating PV Adoption and Enhancing Grid
Resilience!” Connected Communities Kickoff, 2022.
NREL/PR-5500-85283.

Kempe, Michael; Springer, Martin; Ovaitt, Silvana; and
Brown, Matthew. “Industry Facing PV Degradation
Prediction Tool and Database to Enable a 50-Year Life
Module!” ASTM Workshop on Weathering and Durability
Testing, 2023. NREL/PR-5K00-86705.

Klun, Lauren; Adams, Lauren; CaraDonna, Christopher;
Dahlhausen, Matthew; Horsey, Ry; LeBar, Amy; Parker,
Andrew; and Praprost, Marlena. “Introduction to
ComStock” 2023. NREL/PR-5500-86634.

Knueven, Bernard. “Transmission Constraint Screening
for Production Cost Modeling at Scale!” INFORMS Annual
Meeting, 2022. NREL/PR-2C00-84287.

Kumler, Andrew; Lundquist, Julie; Draxl, Caroline; and
Kirincich, Anthony. “Reducing Uncertainty in Offshore
Wind Energy Yield Estimates via a Metocean Reference
Site” American Meteorological Society, 2023. NREL/
PR-5000-84925.

Kuroki, Taichi; and Onorato, Shaun. “MC Formula Protocol
for H35HF Fueling”” 2023. NREL/PR-5700-85921.

Schelhas, Laura T. “Understanding degradation in metal
halide perovskite solar cells and modules.” SPIE OPTO,
San Francisco, 2023.
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199.
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201.
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204.

Lin, Chin-An; Ravi, Vikram; Cai, Mengmeng; Sengupta,
Manajit; Zhang, Yimin; and Lu, and Cheng-Hsuan. “Impact
of Wildfires on Solar Resource Availability in California
in a Changing Climate”” 103rd American Meteorological
Society Annual Meeting, Denver, 2023.
NREL/PR-6A20-84873.

Mirletz, Brian, Vimmerstedt, Laura, Stehly, Tyler, Akar,
Sertac, Stright, Dana, Augustine, Chad, Beiter, Philipp,
Cohen, Stuart, Cole, Wesley, Duffy, Patrick, Feldman, David,
Gagnon, Pieter, Kurup, Parthiv, Murphy, Caitlin, Ramasamy,
Vignesh, Zuboy, Jarett, Oladosu, Gbadebo, Hoffmann,
Jeffrey, Eberle, Annika, Roberts, Owen, Hernando, Daniel
Mulas, Avery, Greg, Rosenlieb, Evan, Schleifer, Anna,
Akindipe, Dayo, and Witter, Eric. “Annual Technology
Baseline: The 2023 Electricity Update.” 2023.

Mirletz, Brian; Sizemore, Michaela; Das, Paritosh; and
Lockshin, Jane. “Linkages Between NRELs dGen, REopt,
and SAM Models!” 2023. NREL/PR-7A40-86898.

Murphy, Caitlin. “lmplementing the Inflation Reduction
Act: What We Expect and How We Might Get There!”
2023 MIT CEEPR Spring Research Workshop.
NREL/PR-6A20-86122.

Murphy, Caitlin. “Renewable-Storage Hybrids in a
Decarbonized Electricity Supply.” INFORMS Annual
Meeting, 2022. NREL/PR-6A20-84192.

Murphy, Caitlin; Brown, Patrick; and Schleifer, Anna.
“Understanding Economic and Deployment Benefits
of Wind-PV Hybrid Power Plants”” ESIG Fall Technical
Workshop, 2022. NREL/PR-6A20-84193.

N. A, Sreejith; Perry, Bruce; Yellapantula, Shashank;
Esclapez, Lucas; Sitaraman, Hariswaran; and Day, Marc.
“Simulations of Fuel-Air Mixing in a 7 Element Lean
Direct Injection (LDI) Aviation Combustor.” 13th U.S.
National Combustion Meeting, 2023.
NREL/PR-2C00-85689.

Newes, Emily. “Bioeconomy Scenario Analysis.” Presented
at the BETO 2023 Project Peer Review, Denver, CO, April 3,
2023.

Osorio, Julian D,y Mehos, Mark; Martinek, Janna; Hamilton,
Bill; Imponenti, Luca; Kelly, Bruce; Price, Hank; Yu,
Zhenzhen; Ni, Chen; Rivera-Alvarez, Alejandro; Torres, Jose;
and Nieto, Cesar. “Modeling of Stress Distribution in
Molten Salt Thermal Energy Storage Tanks for In-Service
Central Receiver Power Plants!” 5th Thermal-Mechanical-
Chemical Energy Storage Workshop, 2023.

Ovaitt, Silvana. “Understanding the Bifacial Modeling &
Field Research Space!” Advance in Photovoltaics: Tandems
& Bifacial PV, 2022.
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213.

Ovaitt, Silvana; Deline, Chris; Lewis, Amanda; and
Macknick, Jordan. “Field and Modeling Perspectives.”

Ovaitt, Silvana; Kinzer, Austin; Boyd, Matthew; Jones,
James; Deline, Chris; and Macknick, Jordan. “Viewfactor
and Raytracing for AgriPV Modeling.” 50th IEEE PVSC,
2023. NREL/PR-5K00-86631.

Perry, Bruce A, Yellapantula, Shashank; and Henry de
Frahan, Marc T. “Using Co-Optimized Machine Learned
Manifolds for Modeling Chemically Reacting Flows.”
AIChE Annual Meeting, 2022. NREL/PR-2C00-84565.

Prabakar, Kumaraguru. “De-Risking Field Deployment
of Power System Innovations Using Hardware-in-the-
Loop Experiments!” Advanced Grid Institute Spring 2023
Power Seminar Series, WSU, 2023. NREL/PR-5D00-85086.

Prabakar, Kumaraguru. “De-Risking Microgrid Field
Deployment Using Laboratory Experiments.”

|IEEE Power & Energy Society General Meeting, 2023.
NREL/PR-5D00-86895.

Prabakar, Kumaraguru. “Hydrogen Energy Storage
System at Borrego Springs Towards an H2 Enabled 100
Renewable Microgrid.” 2023 DOE Hydrogen Program
Annual Merit Review. NREL/PR-5D00-85597.

Prabakar, Kumaraguru. “Validation of Interconnection
and Interoperability of Grid-Forming Inverters Sourced
by Hydrogen Technologies in View of 100% Renewable
Microgrids!” DOE Hydrogen Program Annual Merit
Review, 2023. NREL/PR-5D00-85598.

Present, Elaina; White, Philip R, Adhikari, Rajendra; Merket,
Noel; Wilson, Eric; and Fontanini, Anthony. “End-Use
Savings Shapes: Public Dataset Release for Residential
Round 1 NREL/PR-5500-84931.

Quon, Eliot; Tripp, Charles; Sandhu, Rimple; Thedin, Regis;
Hein, Cris; Sara, Betsy; Thresher, Bob; Farmer, Chris; Owen,
Ted; Miller, Trish; and Brandes, David. “Progress Towards
a Predictive Eagle Behavior and Risk Modeling
Framework: Overview and Recent Validation Efforts.”
Wind Wildlife Research Meeting, 2022.
NREL/PR-5000-84549.

Reynolds, Tami; and Anuj, Sanghvi. “DER Cybersecurity
R&D!" Distribution Conference, 2022.
NREL/PR-5R00-83766.
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216.

217.

218.

219.

220.

221.

Sitaraman, Hari; Hassanaly, Malik; Parra-Alvarez, Milo; and
Rahimi, Mohammad. “Multiphysics Computational-
Fluid-Dynamics (CFD) for Design and Scale-Up of Gas
Bioreactors that Utilize CO2!" NREL/PR-2C00-85603.

Sitaraman, Hari; Hassanaly, Malik; Parra-Alvarez, Milo;
Rahimi, Mohammad; and Stickel, Jonathan. “Impact of
Variable Gas Mixtures on Bubble Size Distribution and
Mass Transfer in Gas Fermentation Reactors.” AIChE
Annual Meeting, Phoenix, AZ, 2022. NREL/PR-2C00-84546.

Sitaraman, Hari; Hassanaly, Malik; Rahimi, Mohammad;

Lu, Yimin; and Alvarez, Milo-Parra. “Gas-Liquid Flow
Modeling for Renewable Fuels Production.” Virtual NETL
Multiphase Flow Science Workshop, 2023.
NREL/PR-2C00-86976.

Tripp, Charles; Bensen, Erik; Hayne, Lucas; Perr-Sauer,
Jordan; and Lunacek, Monte. “Green Al: Insights Into
Deep Learning’s Looming Energy Efficiency Crisis.” EPRI
Al and Electric Power Summit, 2022. NREL/PR-2C00-84088.

Uekert, Taylor; DesVeaux, Jason; Carpenter, Birdie; Yaday,
Geetanjali; Afzal, Shaik; Ghosh, Tapajyoti; Walzberg,
Julien; Athaley, Abhay; Mailaram, Swarnalatha;

Greener, Oliver; Knauer, Kat; and Beckham, Gregg.
“Environmental and Economic Implications of
Emerging Plastic Recycling Technologies.” ACS Fall
Meeting, 2023. NREL/PR-6A20-87159.

Young, Ethan. “Predicting Wind Loading and
Instability in Solar Tracking PV Arrays.” PYRW 2023.
NREL/PR-2C00-85567.

Young, Ethan. “Virtual Engineering of Low-Temperature
Conversion.” NREL/PR-2C00-85573.

Zhou, Ella, Elgowainy, Amgad, Fernandes Tomon Avelino,
Andre, Baek, Kwang Hoon, Cole, Wesley, Heath, Garvin, Li,
Yijin, Liu, Weijia, Ravi, Vikram, Sun, Pingping, and Zhang,
Jiazi. 2023. “Markets, Resources, and Environmental and
Energy Justice (MarkeRs-EEJ).” Presented at the 2023 U.S.
Department of Energy’s Bioenergy Technologies Office
(BETO) Project Peer Review, Denver, Colorado, 2023.
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228.

Cochran, Jaguelin; Denholm, Paul; Mooney, Meghan;
Steinberg, Daniel; Hale, Elaine; Heath, Garvin; Palmintier,
Bryan; Sigrin, Ben; Keyser, David; McCamey, Devonie;
Cowiestoll, Brady; Horowitz, Kelsey; Horsey, Henry;
Fontanini, Anthony; Jain, Himanshu; Muratori, Matteo;
Jorgenson, Jennie; Irish, Matt; Ban-Weiss, George; Cutler,
Harvey; Ravi, Vikram; Nicholson, Scott; Cochran, Jaquelin;
and Denholm, Paul. The Los Angeles 100% Renewable
Energy Study (LA100): Executive Summary. Golden, CO:
National Renewable Energy Laboratory.

NREL/ TP-6A20-79444.

Barnes, Teresa; Schelhas, Laura; Hansen, Cliff; Steinman,
Lindsay; and Jain, Anubhav. Durable Module Materials
(DuraMAT) Consortium Final Technical Report.
NREL/TP-5K00-85569.

Bay, Chris; Sinner, Michael; Corbus, Dave; Spyrou, Elina;
King, Jennifer; Vijayshankar, Sanjana; Kumler, Andrew;
Gevorgian, Vahan. An Integrated Platform for Wind
Power Plant Operations: From Atmosphere to Electrons
to the Grid (A2e2g). NREL/TP-5000-84826.

Bergua, Roger; Robertson, Amy; Fontanella, Alessandro;
and Jonkman, Jason. OC6 Phase Ill Definition Document.
NREL/TP-5000-83102.

Blair, Nate; Burton, Robin; Baggu, Murali; Sky, Haiku; Harris,
Tom; Barrows, Clayton; Gevorgian, Vahan; Keen, Jeremy;
Sengupta, Manajit; Weiner, Cameron; Morris, James;

Das, Paritosh; Elsworth, James; Joshi, Prateek; McKinsey,
Joseph; Dhulipala, Surya; Lave, Matthew; Wachtel,
Amanda; Elizondo, Marcelo; Fan, Xiaoyuan; Maloney,
Patrick; Chalishazar, Vishvas; Cappers, Peter; Forrester,
Sydney; Deason, Jeff; Pigman, Margaret; Lewis, Lawrence
Paul; Murphy, John; Ollis, Ben; Carvalhaes, Thomas; Cutler,
Harvey; Shields, Martin; and Chait, Michele. PR100 One-
Year Progress Summary Report: Preliminary Modeling
Results and High-Resolution Solar and Wind Data Sets.
NREL/TP-7A40-85018.

Bodini, Nicola; Rybchuk, Alex; Optis, Mike; Musial, Walter;
Lundquist, Julie K; Redfern, Stephanie; Draxl, Caroline;
Krishnamurthy, Raghavendra; and Gaudet, Brian. Update
on NRELs 2020 Offshore Wind Resource Assessment for
the California Pacific Outer Continental Shelf.
NREL/TP-5000-83756.

Brown, Maxwell L; Becker, Jon M,; Carbone, Jared; Goforth,
Teagan; McFarland, James; Nock, Destenie; Pitman, Kristina;
and Steinberg, Daniel C. Tax Credits for Clean Electricity:

The Distributional Impacts of Supply-Push Policies in the

Power Sector. NREL/TP-6A20-86489.

229.
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233.
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235.

Bryce, Richard; Buster, Grant; Doubleday, Kate; Feng,
Cong; Ring-Jarvi, Ross; Rossol, Michael; Zhang, Flora; and
Hodge, Bri-Mathias. Solar PV, Wind Generation, and Load
Forecasting Dataset for ERCOT 2018: Performance-
Based Energy Resource Feedback, Optimization, and
Risk Management (PE.R.F.O.R.M.). NREL/TP-5D00-79498.

Burton, R, Baggu, M., Rhodes, J,, Blair, N, Harris, T,
Sengupta, M, Barrows, C,, Sky, H,, Yang, J, Elsworth, J. and
Das, P. 2022. Puerto Rico Grid Resilience and Transitions
to 100% Renewable Energy Study (PR100): Six-Month
Progress Update. NREL/PR-6A20-83432.

Burton, R, Baggu, M., Rhodes, J,, Blair, N., Harris, T,
Sengupta, M, Barrows, C,, Sky, H,, Yang, J,, Elsworth, J. and
Das, P, 2022. Estudio de Resiliencia de la Red Electrica
de Puerto Rico y Transicion a Energia 100% Renovable
(PR100): Actualizacion de Progreso de Seis Meses.
NREL/PR-6A20-83887.

Burton, Robin; Blair, Nate; Baggu, Murali; Sky, Haiku; Harris,
Tom; Barrows, Clayton; Gevorgian, Vahan; Keen, Jeremy;
Sengupta, Manajit; Weiner, Cameron; Morris, James;

Das, Paritosh; Elsworth, James; Joshi, Prateek; McKinsey,
Joseph; Dhulipala, Surya; Lave, Matthew; Wachtel,
Amanda; Elizondo, Marcelo; Fan, Xiaoyuan; Maloney,
Patrick; Chalishazar, Vishvas; Cappers, Peter; Forrester,
Sydney; Deason, Jeff; Pigman, Margaret; Lewis, Lawrence
Paul; Murphy, John; Ollis, Ben; Carvalhaes, Thomas; Cutler,
Harvey; Shields, Martin; and Chait, Michele. Resumen del
Informe de Progreso del PR100: Resultados Preliminares
del Modelo y Conjuntos de Datos Solares y Eolica de
Alta Resolucion. NREL/TP-7A40-85144.

Clayson C, C. Demott, S. de Szoeke, P. Chang, GR. Foltz, R.
Krishnamurthy, andT. Lee, et al. 2023. A New Paradigm
for Observing and Modeling of Air-Sea Interactions to
Advance Earth System Prediction. Richland, WA: Pacific
Northwest National Laboratory PNNL 34682.

Cook, Jeff, Rosalie Yu, Kaifeng Xu, Sushmita Jena,
Tim Rivard, and Jessica de la Paz. 2023. SolarAPP+
Performance Review (2022 Data). NREL/TP-6A20-85827.

Cox, Jordan; Harris, Tom; Krah, Kathleen; Morris, James;
Li, Xiangkun; and Cary, Scott. 2023. Impacts of Regional
Air Mobility and Electrified Aircraft on Local Grid
Infrastructure and Airport Electricity Demand.
NREL/TP-5R00-84176.
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De Silva, Thushara; Pracheil, Brenda M.; Chalishazar,
Vishvas; Carney, Shaun; Mosier, Thomas; Veselka, Thomas;
Cameron, Anna; Freeman, Gerad; Hansen, Carly H.; Jager,
Henriette |, Jorgenson, Jennifer; Li, Binghui; Macknick,
Jordan; Moody, Kristine N.; Oikonomou, Konstantinos;
Perrot, Danielle; Ploussard, Quentin; Quebbeman,
Jonathan; Roni, Mohammad S.; Studarus, Karen; Watson,
Abby; and Friesen, Noah. 2023. Designing Hydropower
Flows to Balance Energy and Environmental Needs.
NREL/TP-6A40-81782.

Denholm, Paul; Brown, Patrick; Cole, Wesley; Mai, Trieu;
and Sergi, Brian. Examining Supply-Side Options to
Achieve 100% Clean Electricity by 2035. NREL/PR-6A40-
84733.

Duffy, P, Zuckerman, GR, Williams, T, Key, A., Martinez-
Tossas, LA, Roberts, O, Choquette, N, Yang, J,, Sky, H. and
Blair, N., 2022. Wind Energy Costs in Puerto Rico Through
2035. NREL/TP-5000-83434.

Fleming, Paul; Dunn, David; Duffy, Patrick; Bay, Christopher;
Churchfield, Matthew; Barthelmie, Rebecca; and Pryor,
Sara. 2023. Wind Farm Control and Layout Optimization
for U.S. Offshore Wind Farms. NREL/TP-5000-85454.

Fleming, Paul; Dunn, David; Duffy, Patrick; Bay,
Christopher; Churchfield, Matthew; Barthelmie, Rebecca;
and Pryor, Sara. Final Report - D5: Wind Farm Control
and Layout Optimization for U.S. Offshore Wind Farms.
NREL/TP-5000-85454.

Gagnon, Pieter; Brown, Maxwell; Steinberg, Dan; Brown,
Patrick; Awara, Sarah; Carag, Vincent; Cohen, Stuart; Cole,
Wesley; Ho, Jonathan; Inskeep, Sarah; Lee, Nate; Mai,
Trieu; Mowers, Matthew; Murphy, Caitlin; and Sergi, Brian.
2023.2022 Standard Scenarios Report: A U.S. Electricity
Sector Outlook. NREL/TP-6A40-84327.

Gagnon, Pieter; Cowiestoll, Brady; and Schwarz, Marty.
2023. Cambium 2022 Scenario Descriptions and
Documentation. NREL/TP-6A40-84916.

Gagnon, Pieter; Cowiestoll, Brady; Schwarz, Marty. 2023.
Long-run Marginal Emission Rates for Electricity -
Workbooks for 2022 Cambium Data.

Gorman, Will, Barbose, Galen L., Carvallo, Juan Pablo,
Baik, Sunhee, Miller, Chandler, White, Philip, and Prapost,
Marlena. 2022. Evaluating the Capabilities of Behind-
the-Meter Solar-plus-Storage for Providing Backup
Power during Long-Duration Power Interruptions
[Slides].

Greg Avery and Alberta Carpenter. 2023. Supply Chain
Energy and Greenhouse Gas Analysis Using the Materials
Flows through Industry (MFI) Tool: Examination of
Decarbonization Technology Scenarios for the U.S. Glass
Manufacturing Sector. NREL/TP-6A20-83730.
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Hale, Elaine; Leach, Matt; Cowiestoll, Brady; Lin, Yashen;
and Levie, Daniel. 2022. Methods for Computing
Physically Realistic Estimates of Electric Water Heater
Demand Response Resource Suitable for Bulk Power
System Planning Models. NREL/TP-6A40-82315.

Hodge, Bri-Mathias; Jascourt, Stephen; Doubleday,
Kate; Zhang, Jie; Feng, Cong; and Florita, Anthony.
2023. Solar Uncertainty Management and Mitigation
for Exceptional Reliability in Grid Operations
(SUMMER-GO): Project Final Report.
NREL/TP-6A40-84147.

Horsey, Henry R., Rozenfeld, Hernan, and Bergmann,
Harry. 2023. Stock Segmentation Cluster
Development: Technical Reference Document.
NREL/NREL/TP-5500-84648.

Ingram, Michael; Florita, Anthony; Martin, Maurice;
Gruchalla, Kenny; Fang, Xin; Cai, Mengmeng; Johnson,
Graham; Guba, Nalinrat; Hasandka, Adarsh; Mooney,
Meghan; Lunacek, Monte; Gilroy, Nicholas; Langan, Taylor;
Caruso, Scott; Cruickshank, Robert; Hodge, Bri-Mathis; and
Markovic, Marija. 2023. Situational Awareness of Grid
Anomalies (SAGA) for Visual Analytics - Near-Real-Time
Cyber-Physical Resiliency Through Machine Learning.
NREL/TP-5D00-85187.

Jin, Xin; Maguire, Jeff; Blonsky, Michael; Munankarmi,
Prateek; Markham, Phil. Final Report: Natural Gas
Community of the Future. NREL/TP-5500-80254.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and 2023.
Praprost, Marlena. Understanding Building Energy
Use in Brownsville-Corpus Christi-McAllen-Victoria
Areas: Basic Building Stock Characterization.
NREL/TP-5500-86802.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
the Greater Columbia-Fayetteville-Jefferson City-
Joplin-Springfield-Wichita Areas: Basic Building Stock
Characterization. NREL/TP-5500-86804.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Alaska: Basic Building Stock Characterization.
NREL/TP-5500-86783.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Amarillo-Lubbock-Abilene-Midland-San Angelo: Basic
Building Stock Characterization. NREL/TP-5500-86778.
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Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Boise-
Twin Falls: Basic Building Stock Characterization. NREL/
TP-5500-86760.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zones 1, 2, and 16: Basic Building Stock
Characterization. NREL/TP-5500-86830.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 3: Basic Building Stock Characterization.
NREL/TP-5500-86831.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 4: Basic Building Stock Characterization.
NREL/TP-5500-86832.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
California Climate Zones 5 and 6: Basic Building Stock
Characterization. NREL/TP-5500-86833.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 7: Basic Building Stock Characterization.
NREL/TP-5500-86834.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 9: Basic Building Stock Characterization.
NREL/TP-5500-86836.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 10: Basic Building Stock Characterization.
NREL/TP-5500-86837.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 11: Basic Building Stock Characterization.
NREL/TP-5500-86838.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in California
Climate Zone 12: Basic Building Stock Characterization.
NREL/TP-5500-86839.
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274.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
California Climate Zones 14 and 15: Basic Building Stock
Characterization. NREL/TP-5500-86841.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Carson
City, Storey, and Washoe County: Basic Building Stock
Characterization. NREL/TP-5500-86823.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Central
Alabama: Basic Building Stock Characterization.
NREL/TP-5500-86797.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.

2023. Understanding Building Energy Use in Counties in
North Carolina and South Carolina: Basic Building Stock
Characterization. NREL/TP-5500-86774.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Des
Moines, Cedar Rapids, and Sioux Falls: Basic Building
Stock Characterization. NREL/TP-5500-86753.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Eastern
Counties in South Carolina and Georgia: Basic Building
Stock Characterization. NREL/TP-5500-86781.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Eau Claire,
La Crosse, Rochester, and Wausau: Basic Building Stock
Characterization. NREL/TP-5500-86759.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Florida: Basic Building Stock Characterization. NREL/
TP-5500-86799.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use
in Greater Minneapolis-St. Paul: Basic Building Stock
Characterization. NREL/TP-5500-86767.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna, Chris;
Dahlhausen, Matthew; LeBar, Amy; and Praprost, Marlena.
2023. Understanding Building Energy Use in Hawaii: Basic
Building Stock Characterization. NREL/TP-5500-86787.
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Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Indianapolis-St. Louis-Springfield-Peoria: Basic Building
Stock Characterization. NREL/TP-5500-86791.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Las Vegas: Basic Building Stock Characterization. NREL/
TP-5500-86758.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Northern Arizona and Washington County Utah: Basic
Building Stock Characterization. NREL/TP-5500-86813.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use
in Northern New England: Basic Building Stock
Characterization. NREL/TP-5500-86803.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy

Use in Northern New York: Basic Building Stock
Characterization. NREL/TP-5500-86792.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use

in Northwestern PA, Ashtabulam, and Chautauqua
Counties: Basic Building Stock Characterization. NREL/
TP-5500-86755.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use

in Rural Climate Zone 2A - Georgia and Florida: Basic
Building Stock Characterization. NREL/TP-5500-86827.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy

Use in Rural Climate Zone 3A: Basic Building Stock
Characterization. NREL/TP-5500-86828.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Rural Counties in the Southwest: Basic Building Stock
Characterization. NREL/TP-5500-86793.
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Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Rural Lower Midwest and High Plains: Basic Building
Stock Characterization. NREL/TP-5500-86763.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use

in Rural Lower Plains-Upper South Appalachia: Basic
Building Stock Characterization. NREL/TP-5500-86779.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Rural Midwest Climate Zone 6A: Basic Building Stock
Characterization. NREL/TP-5500-86788.

Klun, Lauren; Horsey, Ry; Parker, Andrew; CaraDonna,
Chris; Dahlhausen, Matthew; LeBar, Amy; and Praprost,
Marlena. 2023. Understanding Building Energy Use in
Rural North and South Carolina Counties: Basic Building
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