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 EXECUTIVE SUMMARY 

Clean Transportation for All— Now the Real Work Begins 
As Victor Hugo once wrote, “There’s nothing so powerful as an idea 

whose time has come ” For those of us at the National Renewable 

Energy Laboratory (NREL) who have dedicated our careers to 

researching and developing sustainable transportation and mobility 

solutions, those words ring especially true today  

Leveraging the laboratory’s decades of clean energy research, NREL is 

acting swiftly to take bold action on transportation decarbonization 

eforts that support the Biden administration’s climate and equity 

priorities  Whether it’s deploying hundreds of thousands of charging 

stations nationwide to spur widespread electric vehicle adoption; 

devising low-carbon fuels and electrifcation solutions for of-road, 

rail, marine, and aviation applications; or analyzing high-power 

charging at utility scale to de-risk the integration of transportation, 

buildings, renewables, and the grid—trailblazing transformational 

change is what we do  

Central to this transformation, we bake in a core tenet: put people 

frst  We recognize our technologies are only as successful as how 

they are used, adopted, and accessed  As we develop technologies to 

address transportation impacts on carbon emissions, partnering with 

historically disadvantaged or underserved communities ensures that 

our solutions are customizable, afordable, and equitable  Because 

when we focus on building a clean transportation system for all, 

everyone wins  

Onwards, 

John Farrell, Ph D  

Laboratory Program Manager – Vehicle Technologies 

National Renewable Energy Laboratory 

303-275-4434 | john.farrell@nrel.gov 

mailto:%20john.farrell%40nrel.gov?subject=
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KEY ACTIVITIES SPOTLIGHT 

NREL Weaves Energy Justice Into Clean Transportation Solutions 
for a Community-First Approach 

Communities with limited mobility options face reduced access 
to employment opportunities, health care, and education, 
contributing to an overall reduction in quality of life  These constraints 
disproportionately burden low-income and nonwhite populations, 
as well as older adults and people with disabilities  NREL researchers 
aim to remedy and reshape these systems by weaving energy justice 
and equity considerations throughout their work to develop clean 
transportation solutions through a community-frst approach  

Alongside partners, NREL experts are creating transportation solutions 
that meet community-identifed needs and increase mobility equity 
in historically underserved and overburdened communities  An 
interdisciplinary approach combines behavioral science with analysis, 
engineering, deployment assistance, and engagement to increase 
benefts at the individual, community, and societal levels  

“You can’t just hit everything with a hammer and expect it to be fxed,” 
NREL Behavioral Scientist Patricia (Paty) Romero-Lankao said “The 
involvement of community members—truly collaborating—makes 
it possible to accurately pinpoint mobility problems and come up 
with real long-term strategies that will ft the needs, challenges, and 
priorities of that unique group ” 

Involving community members enables NREL to take a more people-
centric approach to understanding the factors that infuence mobility 
choices  Researchers are looking beyond technology and policy to 
explore sociological, behavioral, and cultural factors  This involves 
building relationships with underserved communities, including 
them in the planning process, and devising creative ways to initiate 
productive conversations about difcult topics  

One example of this work is the Clean Cities Energy and Environmental 
Justice Initiative (CCEEJI), in which NREL and Argonne National 
Laboratory play a signifcant role This initiative provides the U S  
Department of Energy’s Clean Cities coalitions with knowledge and 
skills to develop transportation projects that maximize benefts to 
underserved and overburdened communities, in alignment with the 
Biden administration’s Justice40 Initiative  Through a series of trainings, 
coalition staf are building institutional capacity around community 
engagement best practices, historic transportation inequities, 
disproportionate impacts of transportation projects on marginalized 
communities, and metrics to evaluate project impacts  

Maintaining an equity lens when deploying advanced transportation 
technologies is also being incorporated into strategies for building 
out electric vehicle infrastructure  Home charging is not a viable 
solution for everyone, and an NREL study estimated that in the long 
term at least a quarter of the U.S. population will not have reliable 
access to home charging  

“To support national decarbonization goals, reaching all groups in the 
population is essential,” NREL lead author Yanbo Ge said “We now have 
a better idea as to where residential charging barriers exist, which can 
help guide infrastructure investments ” 

Rural communities also often lack mobility options, especially if 
members of those communities don’t own a car or are unable to drive  
NREL researchers are collaborating with fve small communities 
on demonstration projects, building knowledge of regional travel 
patterns and priorities, gathering and analyzing transportation data, 
and exploring the efectiveness of new transportation options  Projects 
are underway in Bastrop, Texas; Greene County, Pennsylvania; Hood 
River, Oregon; the Appalachian region of Ohio; and California’s Kern 
and Tulare counties  

“Until now, the emerging mobility focus has mostly been on 
big cities  Small towns and rural communities deserve to beneft 
from breakthroughs in transportation technology, too,” NREL 
Mobility Systems Project Leader Stan Young said “Building a 
better understanding of travel patterns and needs in these areas 
is the frst step ” 

Electrifying aircraft and seacraft is another opportunity to expand 
lower-emission mobility options for rural communities, and NREL 
researchers are analyzing key opportunities and challenges to getting 
electric technologies of the ground and into the air and sea  
Leveraging potentially lower operating costs, battery-powered aircraft 
could make it more attractive for operators to provide direct service 
between rural communities and large-hub airports, closing the rural-
urban transportation gap  

“We found that the reduced operation and maintenance costs for 
e-aviation could increase the viability for equitable fight access and 
improved service to those communities,” NREL Engineer and Electric 
Technology Analyst Jesse Bennett said  

All these NREL undertakings refect a heightened national focus on 
underserved populations and energy equity  As relationships grow 
with stakeholders from underserved communities, researchers will 
gain a more complete and accurate view of mobility challenges and 
priorities to inform approaches to future solutions  

https://www.nrel.gov/news/features/2022/transportation-innovation-bridges-divides.html
https://www.nrel.gov/news/features/2022/transportation-innovation-bridges-divides.html
https://cleancities.energy.gov/
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/docs/fy22osti/81065.pdf
https://www.nrel.gov/docs/fy22osti/81065.pdf
https://www.nrel.gov/news/features/2021/country-roads-take-me-home-in-an-electric-car.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
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 Advanced air mobility vertical takeof and landing vehicles, like the one pictured, may be the next frontier in urban transportation  Image from Supernal 

Clean Transportation Research Drives Decarbonization 
The road to achieving nationwide decarbonization initiatives is 
paved with cross-sector clean energy research  Backed by decades of 
research in renewable energy, NREL’s commitment to transportation 
decarbonization is imperative for meeting emissions reduction targets, 
achieving climate policy goals, and decelerating the mounting efects 
of climate change  

NREL applies a comprehensive approach to transportation 
decarbonization, looking beyond on-road cars and trucks for 
opportunities in rail, sea, and sky-bound systems  Recent initiatives, 
including the Of-Road Decarbonization and Energy Systems 
Integration Workshop, emphasize the crucial need for an integrated 
approach to clean energy mobility  This is notably the case in the of-
and non-road transportation sector, which has been one of the 
most challenging areas to dial down carbon emissions, in order 
to achieve meaningful decarbonization and signifcant impacts across 
transportation applications and energy sectors  

Research Takes Electrifcation to Non-Road, 
Sky-Bound Applications 

With the increased adoption of electric vehicles, lithium-ion 
batteries will continue to play a signifcant role in energy-efcient 
transportation for millions of drivers in the United States  However, 
NREL researchers are pursuing new non-road avenues for 
electrifcation, including battery-powered aircraft and seacraft to 
better connect rural communities  For more urban areas, a new 
partnership is evaluating the potential for on-demand travel using 
autonomous air vehicles  

NREL’s advanced simulation and analysis tools further support 
decarbonization technologies across the transportation sector 
to maximize energy savings and reduce emissions of emerging 
transportation systems  For example, the new Advanced Locomotive 
Technology and Rail Infrastructure Optimization System (ALTRIOS) 
software can help analyze and plan net-zero-emission and hybrid 
freight train systems  ALTRIOS will provide the frst open-source 

integrated software to combine locomotive and energy storage 
technology models with robust train dispatching and corridor 
simulations and a high-level train planning tool  

Alternative Fuels Ofer Low-Carbon Potential 

NREL’s multipronged research strategy couples abundant renewable 
energy sources—such as wind, solar, and bioenergy—with diverse 
energy storage solutions and forward-thinking applications  An 
emphasis on clean-burning, low-carbon fuels has led to recent 
breakthroughs in bio-based feedstocks as renewable energy 
sources for aviation, marine, and rail transportation  In another 
partnership, NREL researchers used a novel pyrolysis technology 
to accelerate commercialization of low-carbon sustainable 
aviation fuels  

Across campus, NREL’s hydrogen researchers are optimizing high-fow-
rate hydrogen fueling for heavy-duty fuel cell electric vehicles  A recent 
demonstration of NREL’s frst-of-its-kind heavy-duty hydrogen 
fueling station underscores hydrogen’s potential as a fueling option 
for Class 8 semi-trucks and marine, rail, and mining applications  

System Designs Emphasize Energy Savings 

Alongside these exciting advancements in electrifcation and 
fueling, NREL researchers use a holistic approach to optimize energy 
efciency throughout the entire transportation system design  
Recent improvements to power distribution systems with energy-
saving innovations in power electronics help decrease costs, 
reduce component footprints, and improve overall performance, 

Researcher Jacob Miller adjusts a lab-scale catalytic upgrading fow reactor  
Miller is one of a small group of NREL researchers working to produce low- to 
negative-carbon sustainable aviation fuel by converting biomass into refnery-
ready biocrude oil  Photo by Werner Slocum, NREL 70658 

Researcher Joshua Major operates the Accelerated Drive Cycle Platform 
featuring a single-axis electrodynamic shaker and AGREE-style environmental 
chamber used to perform reliability testing on system components  Photo by 
Dennis Schroeder, NREL 64168 

reliability, and efciency  These updated designs can be incorporated 
into various applications, but recent collaborations supported by 
the Advanced Research Projects Agency–Energy (ARPA-E) Aviation-
class Synergistically Cooled Electric-motors with iNtegrated Drives 
(ASCEND) program showcase advances in high-efciency electric 
powertrains, motor drives, inverter modules, and thermal 
management systems for sustainable aviation  

In addition, recent breakthroughs in bio-based materials can allow 
researchers to develop stronger and more lightweight materials, such 
as recyclable carbon fber, for vehicle designs—which may become a 
game-changer for improving the economics of mass-market electric 
vehicle manufacturing  

https://www.nrel.gov/news/program/2022/solutions-emerge-for-decarbonizing-historically-difficult-off-road-vehicle-sector.html
https://www.nrel.gov/news/program/2022/solutions-emerge-for-decarbonizing-historically-difficult-off-road-vehicle-sector.html
https://www.nrel.gov/news/program/2022/solutions-emerge-for-decarbonizing-historically-difficult-off-road-vehicle-sector.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/news/program/2022/advanced-air-mobility-takes-flight-with-new-partnership.html
https://www.nrel.gov/news/program/2022/advanced-air-mobility-takes-flight-with-new-partnership.html
https://www.nrel.gov/news/program/2021/new-software-puts-rail-freight-on-express-track-to-net-zero-emissions.html
https://www.nrel.gov/news/program/2021/new-software-puts-rail-freight-on-express-track-to-net-zero-emissions.html
https://www.nrel.gov/news/program/2022/on-land-across-oceans-and-in-the-air.html
https://www.nrel.gov/news/program/2022/on-land-across-oceans-and-in-the-air.html
https://www.nrel.gov/news/program/2022/on-land-across-oceans-and-in-the-air.html
https://www.nrel.gov/news/program/2022/enroute-to-market-alder-fuels-and-nrel-partner-to-scale-sustainable-aviation-fuel-technology-for-commercial-use.html
https://www.nrel.gov/news/program/2022/enroute-to-market-alder-fuels-and-nrel-partner-to-scale-sustainable-aviation-fuel-technology-for-commercial-use.html
https://www.nrel.gov/news/program/2022/enroute-to-market-alder-fuels-and-nrel-partner-to-scale-sustainable-aviation-fuel-technology-for-commercial-use.html
https://www.nrel.gov/news/program/2022/fast-flow-future-heavy-duty-hydrogen-trucks.html
https://www.nrel.gov/news/program/2022/fast-flow-future-heavy-duty-hydrogen-trucks.html
https://www.nrel.gov/news/program/2022/keeping-it-cool-with-power-electronics-electric-machines.html
https://www.nrel.gov/news/program/2022/keeping-it-cool-with-power-electronics-electric-machines.html
https://www.nrel.gov/news/program/2022/better-components-can-boost-range-and-efficiency-of-next-gen-sustainable-aircraft.html
https://www.nrel.gov/news/program/2022/better-components-can-boost-range-and-efficiency-of-next-gen-sustainable-aircraft.html
https://www.nrel.gov/news/program/2022/better-components-can-boost-range-and-efficiency-of-next-gen-sustainable-aircraft.html
https://www.nrel.gov/news/program/2022/plant-based-epoxy-enables-recyclable-carbon-fiber-improves-economics-for-mass-market-electric-vehicles.html
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Future-Focused Blueprint for Decarbonization 

To ensure a bright future for all transportation systems, NREL 
researchers keep a critical eye on resource sustainability for essential 
energy materials  For battery-powered vehicles, this includes exploring 
ways to increase the lifetime value of battery materials—including 
repurposing for a second application and recycling materials  The 
conclusion of the multiyear Lithium-Ion Battery Recycling Prize 
administered by NREL and DOE identifed new solutions for 
collecting, sorting, storing, and transporting spent lithium-ion 
batteries for reintroduction into the supply chain  In support of 
direct recycling methods, NREL collaborates with DOE’s ReCell Center 
partners, recently demonstrating a new approach to identify 
metallic contaminants and impurities that impede existing 
recycling methods  

As we transition to a decarbonized future, NREL applies forward-
thinking modeling capabilities to help bring transportation 
innovations to fruition  Alongside technological advancements, 
researchers continue to consider critical gaps within the clean 
energy supply chain  In addition, NREL is increasing focus on how 
mobility systems interact with each other and the grid with cross-
sectoral research of integrated energy systems  Finally, to ensure 
decarbonization technologies and eforts are met with successful 
adoption, the lab’s researchers are integrating behavioral science 
methodologies to better understand how people will respond to 
new mobility options  

Researcher Kae Fink uses a benchtop reactor to test novel recycling methods for lithium-ion batteries  Photo by Werner Slocum, NREL 70153 

From AI to Zero Emissions: High-Impact Publications Showcase 
Innovative NREL Research 

A new mobility landscape won’t be built on a single discovery, 
and that’s why NREL research is tackling this research on all fronts  
From nanoscale battery particles to the open skies of electric 
aviation, researchers are mapping a future that is decarbonized, 
afordable, and equitable for all  With 65 peer-reviewed articles in 
high-impact journals like Energy & Environmental Science, Nature 
Nanotechnology, and Advanced Energy Materials, as well as 28 
NREL-authored reports, our research continues to set the standard for 
renewable transportation technologies  

Explore some of this year’s most exciting and impactful publications: 

“Bridging Nano- and Microscale X-Ray Tomography for 
Battery Research by Leveraging Artifcial Intelligence” 
(doi.org/10.1038/s41565-022-01081-9) 
Nature Nanotechnology | NREL author: Donal Finegan 

“Super-Resolving Microscopy Images of Li-Ion Electrodes for 
Fine-Feature Quantifcation Using Generative Adversarial 
Networks” 
(doi.org/10.1038/s41524-022-00749-z) 
npj Computational Materials | NREL authors: Donal Finegan and 
Kandler Smith 

NREL is at the forefront of cutting-edge research using X-ray 
diagnostics and advanced machine-learning techniques to examine 
the composition and architecture of energy materials, including 
batteries  New, expanded nanoscale imaging capabilities at the 
laboratory can help unlock critical information about the performance 
of energy storage systems, and recent publications emphasize the 
benefts of nano- and microscale X-ray tomography combined with 
artifcial intelligence to inform future synthesis and manufacturing 
techniques for next-generation battery materials  The frst, in 
Nature Nanotechnology, describes how nanoscale computed 
tomography (nano-CT) can be used as a nondestructive imaging 
technique for cross-sectional and 3D imaging on scales previously 
unimaginable  This powerful imaging method has emerged as a way 
to analyze battery materials during operation, providing insights that 
artifcial intelligence and machine learning can leverage to make 
predictions about batteries at minute scales  The authors discuss how 
these advances will combine to shape the future of battery research in 
the coming years  The second article, published in npj Computational 
Materials, details a machine-learning framework used to investigate 
battery microstructures  Using super-resolution generative adversarial 
networks (SRGANs) to resolve scanning electron microscopy images 
of cracked battery cathodes, the authors overcome the inherent 
trade-of between resolution and feld of view, enabling representative 
quantifcation of extremely detailed features  

“Electrifying New York City Ride-Hailing Fleets: An 
Examination of the Need for Public Fast Charging” 
(doi.org/10.1016/j.isci.2022.104171) 
iScience | NREL authors: Matthew Moniot, Brennan Borlaug, Yanbo 
Ge, and Eric Wood 

A study designed to ensure New York City’s electric vehicle 
charging network and local utility can meet the eventual 
demands of more than 100,000 electric cars for ride-hail use 
revealed economic and operational insights valuable to transportation 
network company, utility, and charging operations  Researchers fed 
real-world data streams—including trip data, driver shift schedules, 
overnight charging access rates, and even weather—into the Highly 
Integrated Vehicle Ecosystem (HIVE) simulation framework to 
model ride-hail charging demand in space and time to inform the 
development of efective charging networks  The results, published in 
iScience, indicate that the existing charging network is not adequate 
even in the most optimistic scenario, motivating signifcant investment 
to meet the future demands of ride-hailing feets  

“Single-Phase Dielectric Fluid Thermal Management for 
Power-Dense Automotive Power Electronics” 
(doi.org/10.1109/TPEL.2022.3171744) 
IEEE Transactions on Power Electronics | NREL authors: Gilbert 
Moreno, Sreekant Narumanchi, Jef Tomerlin, and Joshua Major 

Managing heat in automotive power electronics can be 
challenging—and even more so with the ambitious power 
density targets set by industry and federal agencies  NREL 
researchers are tackling this issue with a game-changing dielectric 
fuid cooling concept, which combines a low-thermal-resistance 
package with a high-performance convective cooling strategy  An 
article published in IEEE Transactions on Power Electronics details this 
concept, as well as the modeling and experimental approaches used 
to validate it  The results predict thermal resistance values as low as 19 
mm2·K/W are possible using the dielectric fuid cooling approach, and 
that it can provide thermal resistance and pumping power values that 
are approximately 56% and 90% lower, respectively, compared to an 
automotive power electronics cooling system  Moreover, the dielectric 
fuids can be used for direct cooling of the bus bars, which can be an 
efective capacitor and gate driver cooling strategy and enable the use 
of new driveline fuids tailored for this application  

https://www.nrel.gov/news/program/2022/laboratory-partnerships-bolster-battery-recycling-prize-solutions.html
https://www.nrel.gov/news/program/2022/laboratory-partnerships-bolster-battery-recycling-prize-solutions.html
https://www.nrel.gov/news/program/2022/laboratory-partnerships-bolster-battery-recycling-prize-solutions.html
https://www.nrel.gov/news/program/2022/contaminant-identification-refnes-recycling-for-li-ion-batteries.html
https://www.nrel.gov/news/program/2022/contaminant-identification-refnes-recycling-for-li-ion-batteries.html
https://www.nrel.gov/news/program/2022/contaminant-identification-refnes-recycling-for-li-ion-batteries.html
https://www.nrel.gov/transportation/tempo-model.html
https://www.nrel.gov/transportation/tempo-model.html
https://www.nrel.gov/transportation/mobility-behavioral-science.html
https://www.nrel.gov/transportation/mobility-behavioral-science.html
https://www.nrel.gov/transportation/mobility-behavioral-science.html
https://www.doi.org/10.1038/s41565-022-01081-9
https://www.doi.org/10.1038/s41524-022-00749-z
https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
https://www.doi.org/10.1016/j.isci.2022.104171
https://www.nrel.gov/news/program/2022/from-full-fare-to-fast-charging.html
https://www.nrel.gov/news/program/2022/from-full-fare-to-fast-charging.html
https://www.nrel.gov/news/program/2022/from-full-fare-to-fast-charging.html
https://www.nrel.gov/transportation/hive.html
https://www.nrel.gov/transportation/hive.html
https://doi.org/10.1109/TPEL.2022.3171744
https://www.nrel.gov/news/program/2022/keeping-it-cool-with-power-electronics-electric-machines.html
https://www.nrel.gov/news/program/2022/keeping-it-cool-with-power-electronics-electric-machines.html
https://www.nrel.gov/news/program/2022/keeping-it-cool-with-power-electronics-electric-machines.html
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Electrifcation of Aircraft: Challenges, Barriers, and 
Potential Impacts 
(nrel.gov/docs/fy22osti/80220.pdf) 
NREL technical report | NREL authors: Amy Schwab, Anna Thomas, 
Jesse Bennett, Emma Robertson, and Scott Cary 

With growing R&D successes for electric vehicles (EVs) on the 
road, NREL researchers are applying their expertise to non-road 
transportation applications  Like EVs, battery-powered aircraft can 
not only decrease emissions, but also reduce noise, save money, 
and better connect rural communities with urban cores  This 
NREL technical report provides an overview of the current state and 
potential future development of aviation electrifcation  To understand 
the types of research questions about current and future challenges 
for this emerging sector, the research team considers a case study 
of the potential deployment of small commercial electric aircraft for 
existing underserved markets, as well as the operational requirements, 
technical challenges, and range of questions about charging 
infrastructure, grid integration, policy and regulatory requirements, 
and emissions impacts that will need to be addressed  The study also 
outlines potential nearer-term solutions and research areas of interest 
that will need to be addressed in the longer term at much larger scales, 
highlighting NREL’s capabilities for addressing these challenges  

Decarbonizing Medium- & Heavy-Duty On-Road Vehicles: Zero-
Emission Vehicles Cost Analysis 
(nrel.gov/docs/fy22osti/82081.pdf) 
NREL technical report | NREL authors: Catherine Ledna, Matteo 
Muratori, Arthur Yip, Paige Jadun, and Chris Hoehne 

Transportation models, including NREL’s Transportation Energy 
& Mobility Pathway Options (TEMPO) model, explore long-

term scenarios to project how the future of mobility might look  
With continued improvements in zero-emission vehicle and fuel 
technologies, clean trucks are expected to become cheaper and more 
readily available over the next decade  In fact, by 2035, all medium-
and heavy-duty zero-emission vehicles are expected to reach cost 
parity with conventional diesel vehicles  This NREL technical report 
details the research behind these predictions—and additional 
pathways to a decarbonized future—relying on the signifcant 
predictive capabilities of the TEMPO model  

There’s No Place Like Home: Residential Parking, Electrical 
Access, and Implications for the Future of Electric Vehicle 
Charging Infrastructure 
(nrel.gov/docs/fy22osti/81065.pdf) 
NREL technical report | NREL authors: Yanbo Ge, Christina 
Simeone, Andrew Duvall, and Eric Wood 

EVs have surged in popularity during recent years as car companies 
continue to bring new models to market  EVs tend to be popular 
with consumers for a variety of reasons—including benefts related 
to cost, driving experience, and environmental impact—but these 
benefts hinge on having somewhere to charge that is convenient, 
afordable, and reliable  This nationwide study conducted by 
NREL researchers estimates that in a future all-EV scenario, at 
least one-quarter of the U.S. population will not have reliable 
access to home charging options in the long term, absent policy 
action and thoughtful community buildout  As more people buy EVs, 
researchers note that planners must consider developing equitable 
residential charging infrastructure solutions for households that don’t 
have consistent access to overnight home charging, especially for 
multifamily dwellings  

Strategic Research Partnerships Accelerate Transportation Emissions Reductions 
and Generate Market Development 

NREL’s unique set of research capabilities and deep bench of expertise 
attract partners with some of the most complex transportation and 
mobility challenges to the laboratory  In FY 2022, NREL continued or 
initiated 92 strategic partnerships concentrated at the forefront of 
the most urgent vehicle technologies research  These collaborations 
with industry, government agencies, and research organizations drive 
real-world impact through early-stage research, targeted analyses, and 
scale-up of technological developments for broad market deployment  

ExxonMobil 

As part of a 10-year cross-laboratory partnership with ExxonMobil, 
NREL researchers are investigating novel bioblendstocks that, when 
blended with conventional fuels, can signifcantly reduce particle 
emissions while simultaneously improving engine performance  The 
study focuses on oxygenates of commercial interest for the difcult-
to-electrify heavy-duty transportation sector, as well as understanding 
their impacts on engine performance and tendency to produce soot  
The partnership leverages NREL’s capabilities and expertise in fow 
reactor experiments, theoretical chemistry, and thermodynamic 
properties simulations  These experiments are delivering insights into 

the reduced reaction mechanisms leading to soot formation and the 
diference in the tendency of diferent chemistries to produce soot  
NREL’s discoveries will be used to improve predictive metrics and guide 
the design of next-generation, low-emission, high-performance fuels  

Google Maps 

NREL is continuing a partnership with Google Maps to support 
the app’s integration with the Route Energy Prediction Model 
(RouteE), an NREL-developed model informed by real-world driving 
data that enables prediction of fuel consumption of a broad set of 
vehicle types across a wide range of routes and driving conditions  
RouteE-informed eco-friendly routes became available in the United 
States in 2021 when Google Maps integrated the insights and 
modeling for conventional vehicles from RouteE alongside Google’s 
predicted trafc speeds to generate a comprehensive model to 
maximize fuel efciency and time saving  The existing Google Maps 
algorithm incorporates data from road conditions, closures, trafc 
data, and historic trafc patterns into machine-learning algorithms 
to accurately predict trafc during a driver’s trip  Researchers are now 
working to refne the accuracy and robustness of RouteE models by 

1 

23 

START 

DESTINATION 

To take a bite out of transportation energy use and emissions and combat climate change, the National Renewable Energy Laboratory (NREL) is partnering with 
Google to develop more eco-friendly routing in Google Maps  The mapping platform leverages NREL’s Route Energy Prediction Model to address this need  
Illustration by Elizabeth Stone, NREL 

https://www.nrel.gov/docs/fy22osti/80220.pdf
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/news/program/2022/nrel-gets-electric-off-the-ground-with-rd-analysis-on-battery-powered-aircraft-and-seacraft.html
https://www.nrel.gov/docs/fy22osti/82081.pdf
https://www.nrel.gov/transportation/tempo-model.html
https://www.nrel.gov/transportation/tempo-model.html
https://www.nrel.gov/docs/fy22osti/81065.pdf
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/news/program/2021/nrel-research-supports-equitable-deployment-of-electric-vehicle-charging-infrastructure.html
https://www.nrel.gov/news/program/2021/google-taps-nrel-expertise-to-incorporate-energy-optimization-into-google-maps-route-guidance.html
https://www.nrel.gov/news/program/2021/google-taps-nrel-expertise-to-incorporate-energy-optimization-into-google-maps-route-guidance.html
https://www.nrel.gov/news/program/2021/google-taps-nrel-expertise-to-incorporate-energy-optimization-into-google-maps-route-guidance.html
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adding more vehicle types beyond conventional vehicles and 
expanding the eco-friendly routes capability to Europe and 
beyond  These changes will allow Google Maps to continue 
to recommend routes that reduce energy consumption even 
further  Google estimates that this collaboration will help 
reduce U S  carbon emissions by 1 million metric tons per 
year—the equivalent of removing more than 200,000 internal 
combustion engine vehicles from the road  1 

Natural Resources Canada 

A 6-year partnership with Natural Resources Canada’s (NRCan’s) 
Fuel Diversifcation Division is allowing Canadian alternative 
fuel vehicle drivers and feets to identify alternative fueling 
station locations in Canada and the United States, view maps, 
and more using the NREL-designed Alternative Fuels Data 
Center (AFDC) Alternative Fueling Station Locator  NREL 
researchers have maintained the website with ongoing data 
collection by working closely with data collection partners 
and continued to improve the database, web application, and 
application programming interface (API) servers  NREL aligns 
the data with industry trends such as the electric vehicle (EV) 
industry’s adoption of the Open Charge Point Interface for 
reporting data through an API and the collection of additional 
EV charging data such as power output  NREL will continue 
to work with NRCan and data collection partners to address 
additional data collection priorities and improve the database  

Cadmus Group 

NREL is providing technical expertise on the Transportation 
Electrifcation Demo Projects - Phase II led by Cadmus Group 
to conduct independent evaluations of California-based 
transportation electrifcation infrastructure investments by 
four utilities: Southern California Edison, Pacifc Gas & Electric, 
San Diego Gas and Electric, and Liberty  NREL researchers are 
helping evaluate whether the programs under consideration 
accelerate transportation electrifcation markets, maximize 
benefts, and minimize costs by employing lessons learned 
from key market and program analysis, leveraging NREL’s prior 
experience in heavy-duty EV evaluations  The partnership 
is expected to deliver lasting benefts to the utilities and 
other transportation electrifcation stakeholders in the form 
of feedback to ensure program success, durable yet fexible 
framework for transportation electrifcation evaluations, and 
deep market insights to guide future investments  Over the 
course of the 5-year project, the team is expected to collect 
and evaluate extensive data from over 1,800 transportation 
electrifcation sites across California  

1 This calculation applied the fuel consumption for all routes driven on 
Google Maps during the last year using a representative set of vehicle 
types  

Other Notable Strategic Partnership Projects 

• Xcel Energy—Colorado Residential Resiliency and Managed 
Charging Project 

• Ford Motor Company—High-Efciency Fuel Cell 
Application for Medium-Duty Trucks 

• Cummins Power Generation—Cummins High-Power-
Density Inverter 

• Daimler Truck North America, LLC—Daimler Ultra-Efcient 
Long-Haul Fuel Cell Tractor 

• U S  Department of Defense, Environmental Security 
Technology Certifcation Program (ESTCP)—Electric 
Vehicles As Mobile Power (EV-AMP) for Texas Readiness 
Centers 

• Shell Global—Shell ADOPT MD/HD Utilization for Europe 

• U S  Environmental Protection Agency (EPA)—Electric 
Vehicle Support for Omega (Task 6) and MD/HD Phase II 
Market analysis (Task 4 3) 

• Los Angeles Clean Incubator (LACI)—Testing & Evaluation 
of Curb Management & Integrated Strategies for EVs 

• Borg Warner—Scalable Ultra-Power-Dense Extended-
Range (SUPER) Inverter 

• California Air Resources Board (CARB)—ICT Comprehensive 
Review Phase 2 

• New Jersey Transit Corp—NJ Transit EV Bus Evaluation 

• U S  Agency for International Development (USAID)— 
Technical Collaboration for Decarbonized and Climate 
Resilient Energy Systems – Booking Adjustment 

• Port of Corpus Christi Authority—Port of Corpus Christi 
Authority (PCCA) – TEA Scalable Hydrogen Hub 

• Genesis Air Mobility—Phase II: EVTOL Los Angeles Planning 
& Analysis 

• New York State Energy Research and Development 
Authority (NYSERDA)—ACT-19-50: TWO3 – NY State 
Charging Infrastructure Analysis 

• Eaton Corporation—Consulting on Li-Ion Battery Life 
Model and Software 

• Colorado Energy Ofce—Descoping Colorado EV Equity 
Study 

• Eaton Corporation—Descope Phase II PEV - DC Microgrid 
and V2G Analysis 

https://afdc.energy.gov/stations#/find/nearest
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Consortia Leadership and 
Collaboration Accelerate Zero-
Emission Transportation Future 

Silicon Consortium Project 

The NREL-led Silicon Consortium Project addresses critical 
barriers to the development of smaller, cheaper, and better-
performing lithium-ion batteries for electric vehicles (EVs) 
by investigating the use of silicon as an alternative to 
graphitic carbon anode material  Although silicon anodes can 
signifcantly increase the energy density of batteries, these cells 
have a drastically reduced battery lifetime  Research at NREL 
focuses on understanding the efects of calendar aging 
of silicon anodes through cycling and electrochemical 
modeling  In addition, researchers are exploring how 
modifcations, including cell designs, electrolytes, or additives, 
may improve the lifetime of silicon cells  New protocols in 
calendar aging, such as potentiostatic holds to control the 
polarization of a cell, are helping NREL researchers accelerate 
the initial screening of new materials to improve the lifetime of 
silicon anodes  

Max Schulze studies vials containing silicon nanoparticles in 
support of Silicon Consortium Project work to eliminate barriers to 
implementing silicon-based anodes in lithium-ion cells  Photo by Dennis 
Schroeder, NREL 61175 

Co-Optimization of Fuels & Engines Initiative 

Transportation activity releases 1 5 billion tons of greenhouse 
gas (GHG) emissions into the atmosphere every year  DOE’s 
Co-Optimization of Fuels & Engines (Co-Optima) initiative 
wrapped up 6 years of fuel and engine research for all 
classes of on-road vehicles, designed to rapidly cut these 
types of emissions and reduce dependence on burning the 
fossil fuels that produce them  Along with inventing new 
methods and tools to expand understanding of combustion and 
fuel properties, researchers used laboratory assessments with 
modeling, simulation, and analysis to assess the technology 
readiness of various blendstocks, including their market viability 

As part of eforts to develop sustainable 
low-carbon liquid fuels, NREL researcher 
Rui Katahira conducts pretreatment of 
several biomass materials for analysis  
Photo by Dennis Schroeder, NREL 17882 

Stationary batteries, like the one pictured, allow buildings to reduce reliance on grid power by storing energy that can be used during times of peak demand  
Photo by Dennis Schroeder, NREL 47218 

and anticipated environmental impact  Discoveries show how bio-
based, domestically sourced fuel components, when co-optimized 
for use with certain engine technologies, can improve fuel economy 
by 10% and produce 60% fewer GHG emissions than those generated 
by petroleum-based fuels  These emissions and fuel economy 
advancements will beneft producers, consumers, and the planet; don’t 
require huge changes to infrastructure; and only need minor changes 
to engine and vehicle fuel system designs  

Behind-the-Meter Storage Consortium 

Designs for energy-efcient buildings of the future are increasingly 
beginning to incorporate holistic behind-the-meter storage (BTMS) 
system designs to minimize costs and grid impacts  These integrated 
systems balance controllable loads to generate and store energy from 
EV charging, photovoltaic generation, and building demands  As 
leaders of DOE’s BTMS Consortium, NREL researchers are guiding the 
development of new energy storage technologies to meet the unique 
specifcations of stationary storage systems  For NREL’s battery experts, 
this means exploring promising critical-material-free candidates that 
ofer the safety and long life necessary for buildings applications  

Over the past year, NREL researchers combined battery materials 
development with electrochemical modeling to evaluate 
lithium-ion battery materials, including a Li4Ti5O12 (LTO) anode and 
LiMn2O4 (LMO) cathode cell design  The BTMS team evaluated the 
temperature-dependent performance of LTO/LMO cells with various 
electrode loadings to maximize battery performance to pinpoint 
opportunities and limitations of diferent cathode chemistries  

Electric Vehicles at Scale (EVs@Scale) Lab Consortium 

The NREL-led EVs@Scale Lab Consortium brings together six national 
laboratories (Argonne, Idaho, National Renewable Energy, Oak Ridge, 
Pacifc Northwest, and Sandia) and key stakeholders to conduct EV 
charging and grid integration R&D that will support the creation of 
a secure and scalable U S  charging network for light-, medium-, and 
heavy-duty EVs  DOE’s Vehicle Technologies Ofce (VTO) funded the 
consortium in 2021 for 5 years with the goal of moving the nation 
closer to a net-zero-emission future  

In addition to the consortium’s research activities, outreach eforts 
are also planned, such as creating internships and hosting events 
that bring the EV community together to address challenges and 
opportunities of transitioning to a nationwide feet of electric vehicles  

The EVs@Scale Lab Consortium’s inaugural biannual stakeholder 
meeting provided an opportunity for this type of collaboration 
between nearly 150 thought leaders across government, academia, 
and industry  Convening both virtually and on-site at NREL’s South 
Table Mountain Campus Learning Center in Golden, Colorado, 
attendees used the event to collectively identify R&D opportunities 
to accelerate at-scale electric vehicle grid integration and enabling 
technologies  The consortium’s external advisory board also convened 
for the frst time to discuss the consortium’s research direction in 
greater detail  

The event featured a keynote delivered by Michael Berube, deputy 
assistant secretary for sustainable transportation in the Ofce of 

https://www.nrel.gov/transportation/silicon-anode-consortium.html
https://www.nrel.gov/transportation/silicon-anode-consortium.html
https://www.nrel.gov/news/program/2021/calendar-aging-critical-to-future-silicon-based-batteries.html
https://www.nrel.gov/news/program/2021/calendar-aging-critical-to-future-silicon-based-batteries.html
https://www.nrel.gov/news/program/2021/calendar-aging-critical-to-future-silicon-based-batteries.html
https://www.nrel.gov/news/program/2021/calendar-aging-critical-to-future-silicon-based-batteries.html
https://www.nrel.gov/news/program/2022/co-optima-crosses-the-finish-line.html
https://www.nrel.gov/news/program/2022/co-optima-crosses-the-finish-line.html
https://www.nrel.gov/news/program/2022/co-optima-crosses-the-finish-line.html
https://www.nrel.gov/news/program/2022/co-optima-crosses-the-finish-line.html
https://www.nrel.gov/news/program/2022/battery-research-tackles-new-challenges-for-behind-the-meter-stationary-storage-systems.html
https://www.nrel.gov/news/program/2022/battery-research-tackles-new-challenges-for-behind-the-meter-stationary-storage-systems.html
https://www.nrel.gov/news/program/2022/battery-research-tackles-new-challenges-for-behind-the-meter-stationary-storage-systems.html
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 The supercomputer “Swift” is located in NREL’s HPC Data Center in the Energy Systems Integration Facility (ESIF)  Photo by Werner Slocum, NREL 67633 

Energy Efciency and Renewable Energy (EERE), as well as a series 
of presentations by the consortium research leads and interactive 
feedback sessions with event attendees  The discussions centered 
around each of the consortium’s research areas and ongoing projects, 
including vehicle-grid integration and smart charge management, 
high-power charging, dynamic wireless power transferring, cyber-
physical security, and codes and standards to support the EV charging 
and grid ecosystem  

21st Century Truck Partnership 

In support of the 21st Century Truck Partnership (21CTP)—a 
collaboration between DOE, U S  Department of Transportation, 
U S  Environmental Protection Agency, industry, and 12 national 
laboratories—NREL played leadership roles in several working groups 
and made signifcant contributions to the development of the 21CTP 
Technical Team Roadmap, which will provide an industry-informed 
reference for future research enabling cost-efective commercial 
vehicle electrifcation across vocations  

As lead of the Freight Operational Efciency Analysis Working 
Group, Alicia Birky completed development of the Freight 
Operational Efciency Model, a truck freight system analysis 
tool that includes an online dashboard for exploring scenarios  
She also synthesized other technical team targets to inform the 
development of systemwide goals  As lead of the Data and Analytics 
Working Group, Birky developed a white paper for internal 21CTP 
consideration that details technical team data and analysis needs 
and provides related recommendations  

As co-lead of the Electrifcation Technical Team’s Powertrain System 
Architecture Working Group, Jason Lustbader provided market 
segmentation analyses and representative drive-cycle updates and 

supported techno-economic analyses to inform roadmap target 
setting  He also contributed to the Electrifcation Technical Team’s 
Battery Working Group, providing operational analyses based on 
Class 4, 6, and 8 Fleet DNA data, as well as segmentation analyses of 
the commercial vehicle market to support battery target setting  

Meanwhile, Andrew Meintz led the Electrifcation Technical Team’s 
Charging Infrastructure Working Group, which prepared an NREL 
report entitled Estimating the Breakeven Price of Delivered 
Electricity To Charge Class 8 Electric Tractors  This report and 
associated process development activities informed the working 
group’s identifcation of critical charging infrastructure targets for 
feet electrifcation and revealed an electrifcation pathway for other 
vehicle vocations and classes  

VTO High-Performance Computing System “Swift” 

As VTO continues to experience unprecedented levels of high-
performance computing (HPC) across its national laboratory and 
academia portfolio, more users are increasingly relying on the 
capabilities of the ofce’s HPC system, Swift, to help them 
complete their projects  The HPC resource, built and managed 
by NREL, provides approximately 20 million additional “allocation 
units” (AUs) annually for VTO in addition to its share of the 55 million 
allocation units NREL’s supercomputer already provides  Demand 
for the HPC resource has continued to grow, with the system now 
regularly seeing over 95% utilization  Swift targets computational 
jobs at the 1–20-node scale, reducing unmet demand for computing 
capacity  Looking into the future, the combination of Eagle and Swift 
will continue to provide the robust computational resources necessary 
to accelerate the impact of VTO research  

NREL Pushes Forward Transportation & Mobility Priorities 
From spearheading superior transportation decarbonization 
research, analysis, and deployment eforts to combat climate change 
to executing numerous assignments that bolster White House 
administration priorities in vehicle electrifcation, supply chain analysis, 
and energy justice, NREL delivered considerable achievements during 
FY 2022 on behalf of DOE and other partners  

Joint Ofce of Energy and Transportation Draws 
on NREL Expertise 

This year, NREL played a leadership 
role in establishing and 
supporting the Joint Ofce of 
Energy and Transportation (Joint 
Ofce), an interagency collaboration 
between DOE and the U S  
Department of Transportation (DOT) 
to develop the national charging 
infrastructure needed for widespread 
electric vehicle (EV) adoption  NREL developed the Joint Ofce 

logo along with other key NREL’s foundational role involved 
branding materials with input partnering with DOE and DOT to 
from DOE and DOT  Logo by Joelynn 

develop, charter, and launch the Schroeder, NREL 
Joint Ofce and establish operational 
processes and precedents  NREL staf are flling key interim positions, 
as well as managers for technical assistance, stakeholder engagement 
and communications, and program evaluation and analysis  NREL also 
provided technical and programmatic expertise to develop program 
guidance and strategy for the $5-billion National Electric Vehicle 
Infrastructure (NEVI) Formula Program and helped develop and issue 
a notice of proposed rulemaking to set minimum standards and 
requirements for all EV chargers funded by DOT under Title 23  

With several NREL staf members on detail to the Joint Ofce, and 
others supporting their eforts by executing a number of pivotal 
communications projects, NREL designed and launched the new Joint 
Ofce website, DriveElectric.gov, and associated branding materials  
Initial branding eforts involved creating a logo and a specifed color 
palette for use on the web and in letters, reports, and presentations  
NREL also helped organize and implement several webinars, including 
an introduction to the Joint Ofce, an overview of the technical 
assistance the Joint Ofce provided on NEVI Formula Program state 
plans, and how to include equity considerations into those plans  NREL 
was instrumental in establishing three technical assistance concierge 
services, which provide on-demand support for questions about NEVI 
and clean school bus and transit deployments  NREL also provided 
support by consulting on equity considerations, hosting regional ofce 
hours to answer technical questions about NEVI plan development, 
and reviewing plans submitted to the Joint Ofce in August 2022  

Additionally, NREL conducted analyses to inform the Biden 
administration’s EV charging strategy and provided briefngs and 
updates to senior leaders at the White House, DOE, and DOT  At 
the request of the DOE deputy assistant secretary for sustainable 
transportation and other ofcials, and drawing on its technical report 
There’s No Place Like Home, NREL outlined potential solutions for 
supporting EV ownership in households lacking residential charging 
access  In a separate request, NREL took a data-driven approach 
to address concerns about the ability of the U S  power system to 
generate enough electricity to power a network of 500,000 public 
chargers  Researchers also proposed and presented to White House 
staf a high-level scenario balancing the administration’s desire to 
maximize the number of charging ports deployed across the nation 
while meeting the anticipated needs of future EV drivers  Furthermore, 
researchers conducted pivotal analyses to inform the Joint Ofce 
and Federal Highway Administration’s alternative fuel corridor 
designations  Working with Joint Ofce staf and industry stakeholders, 
NREL solicited feedback on alternative fuel corridor program design, 
reliability challenges, and cost assumptions  To meet the analysis 
needs of the Joint Ofce, NREL is employing and upgrading its EVI-X 
modeling suite of EV charging infrastructure analysis tools  

NREL Scientist Joins United Nations Team Identifying 
Opportunities To Slow Climate Change 

Earlier this year, the United Nations’ Intergovernmental Panel on 
Climate Change (IPCC) released the third in a series of reports detailing 
the risks and realities of climate change  NREL behavioral scientist 
Patricia (Paty) Romero-Lankao played a pivotal role in two of 
the reports, looking at the drivers and impacts of greenhouse gas 
emissions and resulting rising temperatures in urban and rural areas  

For IPCC’s Mitigation of Climate Change report, Romero-Lankao was 
lead author of a chapter focusing on how national-level agencies and 
institutions can shape climate policy  The chapter spotlights cost-
efective opportunities for people and businesses to reduce emissions 

Romero-Lankao (middle) and authors of the chapter she edited for the 
Mitigation of Climate Change report attended an IPCC meeting in Mumbai 
in 2019  Photo from Paty Romero-Lankao 

http://www.nrel.gov/news/program/2022/nrel-joins-effort-to-launch-interagency-collaboration-supporting-build-out-of-national-electric-vehicle-charging-network.html
http://www.nrel.gov/news/program/2022/nrel-joins-effort-to-launch-interagency-collaboration-supporting-build-out-of-national-electric-vehicle-charging-network.html
http://www.nrel.gov/news/program/2022/nrel-joins-effort-to-launch-interagency-collaboration-supporting-build-out-of-national-electric-vehicle-charging-network.html
http://www.nrel.gov/news/program/2022/nrel-joins-effort-to-launch-interagency-collaboration-supporting-build-out-of-national-electric-vehicle-charging-network.html
http://www.nrel.gov/news/program/2022/nrel-joins-effort-to-launch-interagency-collaboration-supporting-build-out-of-national-electric-vehicle-charging-network.html
https://driveelectric.gov/
https://www.nrel.gov/docs/fy22osti/81065.pdf
https://www.nrel.gov/transportation/evi-x.html
https://www.nrel.gov/transportation/evi-x.html
https://www.nrel.gov/news/program/2022/nrel-scientist-joins-united-nations-team-in-identifying-opportunities-to-slow-climate-change.html
https://www.nrel.gov/news/program/2022/nrel-scientist-joins-united-nations-team-in-identifying-opportunities-to-slow-climate-change.html
https://www.nrel.gov/news/program/2022/nrel-scientist-joins-united-nations-team-in-identifying-opportunities-to-slow-climate-change.html
https://www.nrel.gov/transportation/fleettest-fleet-dna.html
https://www.nrel.gov/transportation/fleettest-fleet-dna.html
https://www.nrel.gov/news/program/2022/no-time-no-chips-no-problem-for-nrel.html
https://www.nrel.gov/news/program/2022/no-time-no-chips-no-problem-for-nrel.html
https://www.nrel.gov/news/program/2022/no-time-no-chips-no-problem-for-nrel.html
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in transportation, industry, and buildings, while improving personal 
and environmental well-being  For IPCC’s Impacts, Adaptation, and 
Vulnerability report, Romero-Lankao served as a review editor for the 
“Cities, Settlements, and Key Infrastructure” chapter, which explores 
the impact of climate change on lives, homes, income, community 
infrastructure, and assets  It also highlights opportunities for cities 
to build climate resilience into technological and infrastructural 
investments and land-use planning  

Technical Assistance for Low-Income Communities Targets 
Clean Energy Action Plan Development 

NREL is providing technical 
assistance for DOE’s 
Communities Local Energy 
Action Program (C-LEAP), 
which is helping more than 20 
low-income, energy-burdened 
communities across the nation develop clean energy action plans  
Technical assistance for the selected communities, announced 
in March 2022, falls under fve pathways: clean transportation 
planning and investment, renewable energy planning and 
development, energy-efcient buildings and benefcial 
electrifcation planning and investment, community resilience 
microgrids, and new or enhanced manufacturing  

Hennepin County, Minnesota, for example, is pursuing the clean 
transportation planning and investment pathway  As such, NREL 
is partnering with community organizations, nonprofts, and 
municipalities to develop a countywide strategy and action plan for 
transportation electrifcation  Led by NREL’s Kaylyn Bopp and Nicole 

Rosner, the multidisciplinary team is exploring various potential 
electric mobility solutions—passenger vehicles, e-mobility, car- and 
ride-share services, and charging infrastructure—and developing 
transportation electrifcation priorities to inform planning and 
deployment of regional electric vehicle charging infrastructure  These 
eforts will serve as a blueprint for additional local, state, regional, and 
utility transportation electrifcation planning  In Hennepin County 
and the other C-LEAP communities, NREL is also working to engage 
nearby Clean Cities coalitions to provide local technical support and 
guidance  

NREL Supply Chain Research Supports Clean Energy Goals 

A recent initiative from the Biden administration and DOE aims to 
better understand the risks and opportunities within the American 
clean energy supply chain to meet the country’s ambitious 
decarbonization goals  NREL transportation and mobility analysts 
with deeply related supply chain expertise were selected to lead new 
assessments to support the efort, which zeroed in on the topics of 
semiconductors and energy storage  As a critical part of power and 
information management, semiconductors are essential to the clean 
energy economy  Additionally, energy storage technologies must 
prioritize holistic solutions to meet unique grid demands  

To develop the resulting reports, analysis experts performed in-
depth reviews of existing literature, market reports, and modeling 
results to answer key questions about the supply and demand of 
these energy materials  Findings helped identify new priorities 
and key vulnerabilities in manufacturing and recycling capabilities 
throughout the clean energy supply chain  The resulting assessments 
were published as part of DOE’s fnal report America’s Strategy to 

Reliable and sustainable supplies 
of Li-ion batteries are critical to 
expanding the use of electric 
vehicles. Illustration by Josh Bauer, NREL 

Secure the Supply Chain for a Robust Clean Energy Transition, 
which will serve to guide future priorities and investments for the 
White House and DOE  

Policies and Incentives Database Contributes to Development 
of a Secure U.S. Lithium-Ion Battery Supply Chain 

In response to a White House executive order and subsequent 
recommendation from DOE’s Federal Consortium for Advanced 
Batteries (FCAB), NREL developed a Battery Policies and Incentives 
database to address the ongoing demand for lithium-ion (Li-ion) 
batteries in EVs and stationary storage and need for a secure domestic 
Li-ion battery supply chain  The database is advancing the adoption 
of zero-emission vehicles by serving as a resource for policymakers, 
businesses, and individuals looking to build and participate in key 
businesses in the Li-ion battery supply chain, such as materials 
production, manufacturing, transport, and recycling  Users can search 
for policies and incentives by jurisdiction, battery chemistry, federal 
agency, status, type, and more to fnd information on laws, regulations, 
policies, and incentives related to activities before and after the use 
of Li-ion batteries  This information helps guide the production of 
EV batteries and the development of a secure domestic battery 
supply chain by sharing fnancing options for battery development, 
battery policies and regulations relevant to battery production, and 
battery safety standards  NREL will continue to update, maintain, and 
expand the database as new policies and incentives are released  

NREL Supports White House Efort To Convert 
Federal Fleet to EVs 

NREL regulations expert Ted Sears continues to provide 
guidance to the White House on converting the federal feet 
to zero-emission vehicles through his detail to the Council on 
Environmental Quality (CEQ)  Sears is coordinating a broad range 
of activities to support the Biden administration’s lead-by-example 
transition to a 100% zero-emission vehicle feet  Given the sheer 
number of vehicles involved, the move is intended to ignite broader 
production and deployment of EVs and associated technologies across 
the vehicle transportation sector  In the long run, that could drive even 
more consequential drops in greenhouse gas emissions  

Sears is leveraging NREL’s abundant transportation and vehicle 
expertise to strengthen his eforts, along with connections to a deep 
bench of professionals across the national laboratory system who 
specialize in overcoming technical obstacles for rolling out advanced 
transportation technologies  For instance, NREL staf already 
manage key aspects of DOE’s Federal Energy Management 
Program Federal Fleet project and federal vehicle deployment 
projects  Sears has worked closely with the NREL researchers 
who developed models and tools CEQ is employing to craft policy 
directions, goals, and means for federal agencies to plan to address the 
large task ahead for their feets  

https://www.energy.gov/communitiesLEAP/leap-communities
https://cleancities.energy.gov/
https://www.energy.gov/eere/vehicles/battery-policies-and-incentives-search
https://www.energy.gov/eere/vehicles/battery-policies-and-incentives-search
https://www.nrel.gov/news/program/2022/battery-policies-and-incentives-database-contributes-to-us-efforts-to-build-a-secure-electric-vehicle-battery-supply-chain.html
https://www.nrel.gov/news/program/2022/battery-policies-and-incentives-database-contributes-to-us-efforts-to-build-a-secure-electric-vehicle-battery-supply-chain.html
https://www.nrel.gov/news/program/2022/battery-policies-and-incentives-database-contributes-to-us-efforts-to-build-a-secure-electric-vehicle-battery-supply-chain.html
https://www.nrel.gov/news/program/2021/nrels-ted-sears-supports-white-house-effort-to-convert-federal-fleet-to-electric-vehicles.html
https://www.nrel.gov/news/program/2021/nrels-ted-sears-supports-white-house-effort-to-convert-federal-fleet-to-electric-vehicles.html
https://www.nrel.gov/news/program/2021/nrels-ted-sears-supports-white-house-effort-to-convert-federal-fleet-to-electric-vehicles.html
https://www.nrel.gov/news/program/2021/nrels-ted-sears-supports-white-house-effort-to-convert-federal-fleet-to-electric-vehicles.html
https://www.nrel.gov/news/program/2021/how-to-electrify-the-entire-federal-vehicle-fleet-nrel-fuels-smart-management-with-data-driven-research.html
https://www.nrel.gov/news/program/2021/how-to-electrify-the-entire-federal-vehicle-fleet-nrel-fuels-smart-management-with-data-driven-research.html
https://www.nrel.gov/news/program/2021/how-to-electrify-the-entire-federal-vehicle-fleet-nrel-fuels-smart-management-with-data-driven-research.html
https://www.nrel.gov/news/program/2021/how-to-electrify-the-entire-federal-vehicle-fleet-nrel-fuels-smart-management-with-data-driven-research.html
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Capability Investments in 
Support of Clean Transportation 

Equipment Investments Provide Platform 
for New Capabilities 

NREL is enhancing its world-class facilities from the bench scale to the 
utility scale  

New X-Ray Nanoscale-Computed Tomography 
(Nano-CT) Scanner 

As a leading facility in 
electrochemical research, 
NREL continues to invest in 
state-of-the-art diagnostic 
capabilities, including the 
recent addition of an X-ray 
nano-CT scanner  With a 
spatial resolution of 50 
nanometers, this powerful 
new capability unique in the 
national lab system pushes 
the limits of battery materials 
otherwise only achievable at high-energy synchrotron X-ray facilities  
Signifcant improvements to the resolution of nano-CT systems open the 
door to advances in how we analyze and understand energy materials  
This nondestructive imaging method allows researchers to examine the 
properties of materials in real time to understand the reactions within a 
battery during operation or cycling  

Power Electronics Transient Thermal Tester and Cycler 

Thermal characterization methods 
are integral to understanding the 
performance and reliability of power 
electronic components  Materials must 
demonstrate low thermal resistance while 
maintaining temperature uniformity to 
minimize hot spots within the device  
This ensures that electronics packages 
run consistently and reliably without 
overheating  NREL researchers use the 
laboratory’s new transient thermal tester 
and cycler for in situ thermal resistance 
measurement of a power electronics 
package  These systems can evaluate 
thermal resistance of new power 
electronics packaging confgurations, 
and the resistance as a function of power cycling can provide information 
about the reliability of the package  

X-ray diagnostic techniques ofer a way 
to examine properties of Li-ion battery 
materials, such as their crystal structure, 
chemical composition, and 3D architectures  
Image from Donal Finegan, NREL 

NREL’s transient thermal tester 
has four heating channels to 
measure thermal resistance of a 
power electronics package  Photo 
from Sreekant Narumanchi, NREL 

Upgraded Viscosity Measuring Equipment Extends Validation 
Capability for Fuel Conditions 

A newly purchased custom Cambridge Viscosity instrument will 
measure the fuel properties afecting the spray breakup of pure 
components, surrogates, and fuels for a variety of vehicle applications 
over a wide range of temperatures and pressures  The range will 
include very low temperatures from −40°C to high temperatures 
of 315°C, as well as atmospheric conditions up to 3,000 pounds per 
square inch  Viscosity, surface tension, and density are the crucial fuel 
properties that govern spray breakup in an engine, and thus have a 
strong impact on engine efciency and emissions  The fuel property 
measurements taken by this instrument will be utilized as key inputs 
to the Pele suite of code used for high-performance computing (HPC) 
simulations  Measuring these properties at actual engine operating 
pressures and conditions will improve HPC simulations of spray 
breakup, atomization, and mixing during combustion, allowing a more 
accurate representation of particle emissions from gasoline, aviation, 
and diesel engines  

This new surface tension capability from Nanoscience measures a crucial 
fuel property that is key in governing characteristics of spray breakup in an 
engine  Photo by Gina Fioroni, NREL 71990 
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Infrastructure Research Capabilities Charge Forward To Meet Growing Demand 

Tens of millions of electric vehicles (EVs) are expected to hit American 
roads by 2030  The Biden administration’s EV Charging Action Plan 
announced plans for EVs to comprise 50% of all new vehicle sales by 
2030  Demand for faster, higher-power charging continues to rise to 
support the transition to an electric feet  

Investments are paramount for providing a continuum of critical 
capabilities to enable EVs at scale  

NREL Electric Vehicle Research Infrastructure Evaluation 
Platform Evolves To Address Critical Needs 

NREL’s hallmark Electric Vehicle Research Infrastructure (EVRI) 
evaluation platform at the Energy Systems Integration Facility (ESIF) 
enables researchers and industry stakeholders to study and develop 
a new generation of electrifed transportation technologies within 
the context of the larger energy ecosystem  EVRI’s capabilities play an 
important role in the laboratory’s broader Advanced Research on 
Integrated Energy Systems (ARIES) research platform  

New Vehicle and Charger Enable Enhanced Studies 
To further research eforts this year, NREL added a new high-power 
DC charging vehicle—the Hyundai Ioniq—which interfaces with the 
existing BTC Power and ABB 350-kW chargers at the ESIF  Researchers 
are using the vehicle to help refne an NREL-developed emulation 
system that enables enhanced power-hardware-in-the-loop studies 
as well as the simulation of EV batteries and battery management 
systems  The innovative emulation system allows researchers to 
perform dynamic battery voltage evaluations of charging systems for 

any battery chemistry and charging protocol  

NREL also installed a 150-kW Tritium charger earlier this year, 
bringing the frst DC-fed high-power charging unit to EVRI to 
allow for broader system performance and control studies for DC-
integrated charging systems  This equipment dually supports the 
new EV Charging Hub Integration Platform project under the NREL-
led EVs@Scale Laboratory Consortium  

Event Leverages EVRI Capabilities To Expand Interoperability of High-
Power Charging Components 
Following its two high-power EV charging connector evaluation events 
in 2020 and 2021, NREL co-hosted a third round at EVRI in summer 
2022 in collaboration with the Charging Interface Initiative (CharIN)  
This year’s event featured a revised connector design and expanded 
studies to consider more real-world cases for safety and durability 
within the Megawatt Charging System (MCS) standard for medium-
and heavy-duty electric vehicles  

This work leveraged EVRI’s newly developed thermal evaluation 
benches for characterizing air- and liquid-cooled charging connectors 
for 350–3,000 A  The event also provided manufacturers an objective 
chance to evaluate interoperable designs for vehicle inlets and charger 
connectors  This evaluation series provided the opportunity for 
researchers and industry participants to discuss the technical merits of 
diferent equipment parameters pertaining to the MCS standard and 
reach consensus  

NREL facilities and insights assist industry partners to assess the cybersecurity of public key infrastructure under real operating conditions  Photo by Bryan Bechtold, 
NREL 67568 

ADVANCED RESEARCH ON INTEGRATED 
ENERGY SYSTEMS (ARIES) 

The Advanced Research on Integrated Energy Systems (ARIES) research platform unifes research capabilities at multiple 
scales and across sectors to help understand the impacts of energy systems integration at scale  Situated on NREL’s 
Flatirons Campus in Boulder, Colorado, the Integrated Energy Systems at Scale (IESS) is one of several feld research sites 
and facilities that work together to demonstrate the potential for renewable energy to power a large fraction of the 
country’s transportation needs in concert with buildings and a healthy, resilient grid  The site design for the 2023 IESS 
expansion includes new capabilities that will expand to multimegawatt electric vehicle charging and grid integration 
capabilities from the hundreds of kilowatts currently available at the Energy Systems Integration Facility (ESIF)  This 
campus expansion is slated for completion by the end of calendar year 2023  

Illustration by Al Hicks, NREL 

https://www.nrel.gov/aries/
https://www.nrel.gov/aries/
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Expanded Research Eforts Focus on Enabling High-Power 
Charging at Scale 
NREL’s ARIES research platform continued to expand its world-class 
megawatt charging and grid integration capabilities for enabling the 
electrifcation of on-road commercial vehicles and beyond  This year, 
NREL identifed a solution for DC emulation of battery systems up 
to 7 5 MW, leveraging ARIES investments in the 20-MW Controllable 
Grid Interface  Although these capabilities are being developed at 
NREL’s Flatirons Campus in Boulder, Colorado, when completed, 
they will be seamlessly linked with EVRI’s existing capabilities at the 

South Table Mountain campus in Golden, Colorado  The site design 
is expected to be completed by the end of calendar year 2022, with 
a contract in place to break ground in 2023  New installations will 
include a battery emulator that can mirror megawatt-scale behind-
the-meter-storage systems and simulate vehicles charging at the 
megawatt scale  This emulator can also be used to evaluate DC 
microgrids for charging sites and independent systems for AC/DC at 
the megawatt scale  These would include the AC/DC inverter, a DC 
distribution, and DC-to-DC chargers  

Ultramodern Computational Models Accelerate Next-Generation Battery Research 
NREL’s electrochemical energy storage experts have a long history of 
guiding the development of advanced computer engineering tools 
to support battery research  Alongside recent advances in physics-
based machine learning and artifcial intelligence, NREL researchers 
trailblaze complex computer algorithms to improve battery lifetime 
predictive modeling and microstructure diagnostics  These models 
extrapolate data from in-lab evaluation to simulate degradation in 
real-world applications such as electric vehicles and battery energy 
storage systems  

Data Access Expands Modeling Opportunities 

Machine-learning techniques rely on access to high-quality and robust 
open-source data from across government, industry, and academic 
organizations  To fll this critical gap, NREL is collaborating with 
Idaho National Laboratory and the Federal Consortium for Advanced 
Batteries to release a shared battery data hub called ElectroBatt  This 
repository, funded by VTO’s Machine Learning Modeling Support for 
Accelerated Life Prediction and Cell Design program, will serve as a 
resource for physics-based machine learning for life prediction and 
design of advanced batteries  

Developed in alignment with the design and structure of EERE’s 
existing Energy Materials Network hubs, ElectroBatt will include 
battery performance and aging data from over 50 lithium-ion battery 
cells from VTO’s Behind-the-Meter Storage (BTMS) and eXtreme Fast 
Charge and Cell Evaluation of Lithium-ion Batteries (XCEL) programs  
With a planned fall 2022 release, the ElectroBatt data hub will continue 
to add software tools for rapid data analysis, reporting, and knowledge 
transfer across chemistries and organizations  

Diagnostic Imaging 

In addition to data access, NREL researchers are spearheading 
new strategies to combine artifcial intelligence with diagnostic 
imaging to improve computational modeling capabilities  
New research from NREL illustrates how modeling techniques, such 
as generative adversarial networks, can enhance the resolution of 
microscopy images and enable the ability to quantify small features 
that are invisible to the naked eye, such as cracks in electrode 
particles  These fndings will allow researchers to bridge gaps between 
diagnostic imaging scales to provide a holistic view of electrode 
particle morphology  

NREL Energy Storage Scientist Donal Finegan uses X-ray computed 
tomography to diagnose Li-ion batteries  Photo by Dennis Schroeder, NREL 54288 

Strategic Hires 
New Experts Place NREL at the 
Leading Edge for Crafting Innovative 
Transportation Solutions 

Our success in facing the climate emergency depends on a calculated, 
multifaceted strategy for decarbonizing the transportation sector  
As the timeline for efective climate action shrinks, the production 
of a wide range of clean transportation technologies must ramp up 
simultaneously with the creation of markets, supply chains, and industry 
capacities capable of supporting them  NREL is adding world-class 
researchers to our deep bench of experts to help devise solutions across 
transportation electrifcation, energy storage, grid resiliency, and hybrid 
energy systems integration  

Faisal Khan 

Chief Power Electronics Researcher 
Faisal Khan has intimate 
knowledge and expertise in the 
role that power electronics and 
control systems will play for 
electric vehicles (EVs)  Currently, 
Khan leads a transformational 
Laboratory Directed Research and 
Development (LDRD) project that 
will enable NREL to design, build, 
evaluate, and discover applications 
for aircraft, utilities, pulsed power, 
high-voltage transmission, and 
more that could beneft from high-performance silicon carbide and 
gallium oxide power modules  This advanced power module will 
have a state-of-the-art cooling system, Wi-Fi pulse width modulation, 
and onboard device health estimator—all features that are likely to 
make power converters for electric cars and airplanes built from these 
power modules more reliable and efcient  Great success does not 
come without great vision, however  Khan hopes to build a one-stop 
lab within NREL for transportation applications, including designing 
power semiconductor modules; building and evaluating these 
modules for reliability, performance, and cost; and generating data 
sheets that depict device characteristics for these modules  His vision 
involves helping other teams within NREL design, characterize, and 
evaluate the impact of this research in transportation and renewable 
energy applications  

Faisal Khan  Photo from Faisal Khan 

https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
https://www.nrel.gov/news/program/2022/expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries.html
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John Kisacikoglu 

John Kisacikoglu leads the Electric 
Vehicle Grid Integration group within 
NREL’s Center for Integrated Mobility 
Sciences  His electrical engineering 
expertise enabled him to unlock 
the potential of various alternative 
energy storage technologies early in 
his career  He now uses that expertise 
to inform NREL’s transportation 
electrifcation research and act as 
a knowledgeable partner for utility 
companies seeking to develop real-
world solutions  His current focus 
lies in mobility and power modeling, control systems development and 
simulation, hardware design and evaluation, and feld demonstration at 
the intersection of transportation and the power grid  Kisacikoglu’s team 
develops models for EV power and energy demands from the grid in a 
spatiotemporal way, while developing scalable control solutions ranging 
from low-power residential charging to megawatt-level high-power 
charging  His leadership in power and energy technologies is enabling 
NREL to develop scalable solutions to efectively power transportation 
needs for feets and the public alike  

Katherine Jungjohann 

Analytical Microscopy and 
Imaging Sciences Group Manager 
Katherine Jungjohann provides 
advanced analytical electron 
microscopy and imaging 
characterization to NREL and 
the lab’s external collaborators  
Jungjohann’s team uses cryogenic 
and in situ techniques to gain 
mechanistic understanding of 
the current and in-development 
materials that support clean 
energy generation, conversion, 
and storage, as well as materials for batteries, low-power electronics, 
photovoltaics, wind turbines, catalysts, and electrolyzers  Jungjohann 
helps identify new areas to invest and focus capabilities for supporting 

John Kisacikoglu  Photo from John 
Kisacikoglu 

Katherine Jungjohann  Photo from 
Katherine Jungjohann 

a fundamental understanding of the structure-property relationship 
in clean energy materials, including lithium-ion batteries  Using 
specialized microscopy, her research explores the reactions at cathode 
interfaces to better identify the primary structural and compositional 
changes occurring at the electrode/electrolyte interfaces that can 
be overcome using materials engineering strategies  The work being 
conducted by Jungjohann’s team on energy storage systems has 
the potential to decrease the weight of lithium-ion batteries while 
improving storage capacity, reduce the parasitic reactions that cause 
capacity loss and decreased cycle life, limit catastrophic battery 
failures, increase recyclability, and decrease battery degradation  

Jibo Sanyal 

Hybrid Energy Systems Group Manager 
Jibo Sanyal specializes in hybrid 
energy systems, a domain set to play 
an increasingly large role in the clean 
energy future for the United States 
and the planet  Communications and 
controls are flling an important role 
in harnessing energy from a multitude 
of fuctuating renewable energy 
sources to create stable energy that 
meets user needs for mobility, buildings, industrial applications, and 
more  The research Sanyal and his team is performing will help reveal 
how diferent emerging technologies work with one another and 
what combination of technologies will lead to the level of resiliency 
and robustness needed to decarbonize the economy  Sanyal envisions 
building a center of excellence at the laboratory around hybrid energy 
systems: one that excels at producing impactful artifacts—including 
at-scale demonstrations, strong industry engagements, intellectual 
property development, and high-impact publications—and can inform 
advancements at NREL, across industry, communities, and the nation  
Using capabilities aforded by NREL’s Advanced Research on Integrated 
Energy Systems (ARIES) research platform, Sanyal believes hybrid 
systems position NREL to deliver technologies with strong technical 
and market readiness  Sanyal’s work in sensing, control, routing, and 
system-scale improvement and electrifcation of mobility is especially 
transformative, especially as it can be applied to help utilities and 
communities meet their immediate transportation challenges  

Jibo Sanyal  Photo from Jibo Sanyal 

Award Recognition 
McCormick Honored by American Chemical Society for 
Leadership in Low-Carbon Fuel Development 

NREL Senior Research Fellow Bob McCormick 
received the Henry H. Storch Award 
in Energy Chemistry from the American 
Chemical Society (ACS), one of the society’s 
highest honors  The award was presented at 
the March 2022 ACS meeting in San Diego, 
California, and recognizes distinguished 
contributions to fundamental or engineering 
energy-related research, development, and 
education that addresses the world’s energy 
and chemical challenges  

McCormick has transformed the study of fuels and combustion with 
contributions that have brought signifcant rigor and insight to the 
concept of unearthing the molecular structure of fuel, among others  In 
addition to publishing over 140 papers, McCormick was instrumental 
in the development of DOE’s Co-Optimization of Fuels and Engines 
(Co-Optima) program, which brought together national laboratories, 
universities, and stakeholders to advance engine and fuel research  

Distinguished Members of Research Staf 

Five of NREL’s Vehicle Technologies Ofce researchers were inaugurated 
as Distinguished Members of Research Staf (DMRS) for 2022, along 
with 11 others across the laboratory  The award honors research staf 
for highly impactful science and technology contributions to the 
mission of the laboratory  The selected researchers are recognized 
for their high-level technical and/or programmatic contributions 
that advance the frontiers of science, analysis, and engineering 
to enable NREL’s mission objectives  Among the NREL honorees 
involved in advanced mobility work were: Matteo Muratori for 
contributions in the development of advanced models and analysis of 

Bob McCormick  Photo 
by Dennis Schroeder, NREL 
57129 

Matteo Nate Neale  Ahmad Patricia Kandler 
Muratori  Photo by Werner Pesaran  Photo Romero- Smith  Photo 
Photo by Werner Slocum, NREL by Dennis Lankao  Photo by Dennis 
Slocum, NREL 67107 Schroeder, NREL by Dennis Schroeder, 
71219 49988 Schroeder, NREL 25739 

NREL 53239 

the transportation energy transition; Nate Neale for revolutionizing 
energy materials design, synthesis, interfacial surface chemistry, 
and mechanistic understanding at the nanoscale; Ahmad Pesaran 
for pioneering research that advanced high-performance, safe, and 
afordable batteries for electric-drive vehicles; Patricia Romero-
Lankao for applying rigorous social science methods to increase the 
understanding of the human-centric perspective in energy transitions; 
and Kandler Smith for inspiring new pursuits in battery lifetime 
modeling, prediction, optimization, and design  

Paul Paret Recognized as IEEE Senior Member 

The Institute of Electrical and Electronics Engineers 
(IEEE) recently elevated NREL researcher Paul 
Paret to senior membership in recognition 
of his signifcant contributions to the welfare 
of the engineering profession  Paret has over 
10 years of experience at NREL and currently 
supports research on advanced power electronics 

Paul Paret  Photo by and electric machines  Paret’s recent projects Patrick H. Corkery, NREL 
include using thermomechanical modeling and 25756 

reliability characterization to better understand 
the degradation behavior of bonded interface materials for high-
temperature power electronics package designs  Only 8% of the 
approximately 428,000 IEEE members are senior members  

http://www.nrel.gov/news/program/2022/nrel-senior-research-fellow-honored-for-international-leadership-and-innovation-in-energy-chemistry.html
http://www.nrel.gov/news/program/2022/nrel-senior-research-fellow-honored-for-international-leadership-and-innovation-in-energy-chemistry.html
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RD&D HIGHLIGHTS 

Sreekant Narumanchi Presented 2022 THERMI Award 

The Technical Steering Committee for SEMI-THERM 
38, an international symposium dedicated to 
the thermal management and characterization 
of electronic components and systems, honored 
Sreekant Narumanchi with the 2022 THERMI 
award  The THERMI award recognizes a recipient’s 

Sreekant signifcant history of contributions to the feld 
Narumanchi  

of semiconductor thermal management and to Photo by Dennis 
the engineering community at large, including Schroeder, NREL 61664 

important thermal issues afecting the performance 
of semiconductor devices, optoelectronics, microelectromechanical 
systems, or related systems  The award was presented at the 38th 
annual SEMI-THERM symposium in San Jose, California  Narumanchi also 
delivered a technical presentation at the conference, “Advanced Power 
Electronics and Electric Machines for Electric-Drive Mobility Applications ” 

Teresa Alleman Recognized by ASTM International 

ASTM International, which develops standards that 
operate globally, honored Teresa Alleman with 
an award in December 2021  ASTM selects award 
recipients based on members that demonstrate 
enthusiasm and extraordinary dedication to 
maintaining quality standards, precision test 
methods, and efcient processes  The awards 
committee noted that Alleman diligently goes Teresa Alleman  

Photo by Werner above and beyond and routinely volunteers for 
Slocum, NREL 60641 

tasks that are critical for the success of the industry  
The award was presented during a special ceremony 
at the ASTM Committee D02 meeting in Anaheim, California  

John Kisacikoglu Appointed to IEEE Transportation 
Systems Committee 

John Kisacikoglu was appointed in early 2022 
as the new vice chair of the Transportation 
Systems Committee (TSC)  TSC is a subcommittee 
of the Industrial Power Conversion Systems 
Department within the Industry Applications 
Society (IAS) of IEEE  The committee focuses on 
the electrifcation of the transportation industry, 
including components, systems, and infrastructure, John Kisacikoglu  
and oversees the solicitation and selection of Photo from John 
papers within those areas for presentation at IEEE Kisacikoglu 

meetings  Over the next 2 years, Kisacikoglu’s 
responsibilities include coordinating technical program organization for 
papers falling within the scope of the TSC, appointing associate editors for 
the IAS, and reviewing all eligible submitted technical papers within the 
scope of the TSC  

Venu Garikapati Appointed to Second National Committee 

Venu Garikapati was appointed by the 
Transportation Research Board (TRB) as the main 
member of the Standing Committee on Efects 
of Information and Communication Technologies 
on Travel Choices  TRB is one of seven program 
units of the National Academies of Sciences, 
Engineering, and Medicine, which provides 
independent, objective analysis and advice to 
the nation and conducts other activities to solve Venu Garikapati  
complex problems and inform public policy Photo by Vern Slocum, 

NREL 72458decisions  TRB standing committees facilitate the 
exchange of transportation research information 
and results, working collaboratively to develop research problem 
statements in their area of interest, review and recommend papers for 
publication and presentation at TRB annual meetings, and organize 
annual meeting sessions  During the 3-year appointment, Garikapati will 
actively participate in and support the committee’s activities  
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Battery R&D 
BATTERY TECHNOLOGY R&D 

Lithium-Ion Battery Recycling Prize Concludes Phase III 

In FY 2022, NREL Prize Administrators successfully guided the DOE 
Lithium-Ion Battery Recycling Prize to the conclusion of Phase III  
Six fnalist teams participated in Phase III, which focused on pilot 
validation of their proposed concept solutions  Prize Administrators 
supported participants in their fnal stages of development, including 
a virtual site visit from DOE, U S  Department of Transportation, and 
U S  Environmental Protection Agency prize judges  After submission, 
NREL organized a Participants Day event, where teams were 
encouraged to show how their proposal met the goals of the prize  
Prize Administrators also compiled feedback and recommendations to 
support the judges in the fnal winner selection  On June 21, 2022, DOE 
announced four Phase III winners  After the conclusion of the prize, 
NREL continued to support the participants with media guidance to 
celebrate their wins, along with ongoing opportunity announcements 
for future funding  Funding source: VTO 

Behind-the-Meter Storage Team Prevents Thermal Runaway 
in a Battery Module 

Behind-the-meter storage (BTMS) systems may be key to improving 
grid stability and levelized cost of electricity for fast charging of light-, 
medium-, and heavy-duty electric vehicles (EVs)  Rapid growth in the 
research and design of efcient and high-performance chemistries 
for novel battery cells, such lithium ion, could be the solution that 
minimizes stability challenges posed by the high penetration of 
EVs in the market  However, researchers must address the hazards 
associated with lithium-ion batteries used in stationary applications for 
BTMS to become a reality  During FY 2022, the BTMS team performed 
abuse testing on various battery modules to verify modeling results 
and better understand the benefts of various electrical and thermal 
isolation strategies  Testing showed these strategies isolated the 
heat from a single cell failure and prevented the adjacent cells from 
entering into thermal runaway  In FY 2023, the team will build on 
initial success by testing larger battery systems and incorporating 
passive and active safety systems  Funding source: VTO 

Artifcial Intelligence Quantifes Cathode Cracking 
From Images 

Researchers often use microscopy images to reveal cracking failure 
mechanisms in battery electrodes, particularly cathode active material 
particles, but these human observations are neither quantitatively 
nor statistically representative  Under DOE’s eXtreme Fast Charge and 
Cell Evaluation of Lithium-Ion Batteries (XCEL) program, researchers at 
NREL and the University of Ulm developed a generalized adversarial 
network algorithm to increase image resolution and segment/ 
quantify cracks in polycrystalline cathode active material particles, 
characterizing particle porosity and crack width and length  In a paper 

accepted by Nature Computational Materials, the team found that 
crack evolution strongly correlates with C-rate and capacity fade 
during the frst 25 cycles of fast charging  Cracking did not strongly 
correlate, however, with capacity fade over the next 500+ cycles  The 
XCEL team continues to characterize and develop mechanistic models 
describing capacity fade dependence on fast charge rate, cathode 
architecture, and material properties  Funding source: VTO 

Secure Battery Research Data Hub Finalized for Release 

To encourage data sharing throughout the battery community, NREL 
and Idaho National Laboratory (INL) created a secure data hub at 
batterydata energy gov  This repository builds on DOE’s seven existing 
Energy Materials Network data hubs to allow researchers to share data 
and metadata to accelerate battery electrochemical and diagnostic 
research  DOE approved the upcoming release of the new data 
hub—planned for October—along with initial experiment data and 
metadata  This data hub supports a coordinated efort across research 
laboratories and institutions to create a battery data genome, similar 
to eforts from the Human Genome Project and Materials Genome 
Initiative, which signifcantly accelerated advancements and increased 
U S  competitiveness in human biology/medicine and materials 
research, respectively  NREL and INL are working with coauthors of 
an upcoming Joule article, “Principles of the Battery Data Genome,” 
to organize committees to defne metadata to accompany battery 
electrochemical and diagnostic data  These committees will also 
identify a common set of challenge problems, computational models, 
and tools to support accelerated battery research  Funding source: VTO 

Demystifying the Degradation Process of Lithium-Ion 
Batteries To Help Extend Battery Life 

Lithium-ion batteries (LIBs) decrease in performance over time, but 
the many complex factors that cause that drop in performance are not 
always clear  Insight into chemical and electrochemical degradation 
processes and the reactivity of degradation products informs strategies 
to extend LIB life  Degradation products formed at the cathode/ 
electrolyte interface (CEI) can deposit elsewhere in the cell and drive 
performance loss, and the complexity of overlapping degradation 
processes makes it challenging for researchers to understand how 
LIBs die  This project focuses on in situ characterization of degradation 
processes at an active CEI and shows that LIB electrolytes become 
unstable at high voltage in the presence of cathode materials and 
dissolved transition metals  The electrochemical reactivity of CEI 
degradation products changes based on the composition of the 
electrolyte  These fndings give insight into the driving forces behind 
LIB degradation and help illuminate how degradation products 
may react elsewhere in the LIB and drive performance loss  Further 
examining these processes with additional paired surface analysis 

and computational methods to gain detailed mechanistic details 
about these processes will help build strategies to extend LIB lifetimes  
Funding source: VTO 

In Situ Spectroelectrochemical Study of High-Nickel 
Cathode Reveals Limiting Ion Difusion Problem Below 
Threshold Voltage 

To address the capacity fading issue of high-nickel (Ni) cathode-
based cells, it is critical to understand cell aging behaviors and failure 
mechanisms  Utilizing in situ attenuated total refectance Fourier-
transform infrared spectroscopy (ATR-FTIR), NREL researchers analyzed 
transition metal (TM) redox chemistry during cell cycling, focusing on 
the TM-oxygen (O) vibrational absorption that shifts in energy and 
intensity depending on TM redox and corresponding structure changes  
Specifcally, “hysteresis” in in situ FTIR spectra indicates limited lithium 
(Li)-ion difusion below ~4 2 V (vs  Li/Li+) because of Ni-occupied Li 
lattice sites (as-synthesized high-Ni cathodes with some Li/Ni cation 
mixing)  Electrochemical cycling tests based on a hybrid protocol (e g , a 
formation cycle with 4 4-V upper cutof voltage [UCV] and subsequent 
aging cycles with 4 1-V UCV) demonstrate enhanced initial coulombic 
efciency with stable cyclability by alleviating Li/Ni defects and 
abbreviating the longer-term mechanical failure that occurs above 4 2-V 
UCV  Next steps are to investigate TM-O vibrational absorption during 
cycling based on the hybrid protocol and provide a fundamental and 
mechanistic understanding of enhanced electrochemical performance  
Funding source: VTO 

New Sulfur-Containing Polymer Enables Lithium-Ion 
Conductivity at Low Cell Stack Pressures 

Solid-state batteries typically require high cell stack pressures (>50 MPa) 
to maintain efective interfacial contact between the solid electrolyte 
and electrode active materials  Maintaining this high pressure 
complicates cell engineering and reduces the efective energy density of 
the battery  NREL researchers have found that a novel sulfur-containing 
polymer (PolyS) increases the efective ionic conductivity of a composite 
solid electrolyte at cell stack pressures below 2 5 MPa  Specifcally, the 
PolyS outperforms the standard polyisobutene (PolyIB) polymer at low 
cell stack pressures when combined with a sulfde solid electrolyte, 
Li6PS5Cl (LPSCl)  This achievement provides a potential pathway to 
fabricate solid-state batteries better suited for electric vehicles, with 
efective interfacial contact and long cycling lifetimes at low cell stack 
pressures  Next, researchers will improve cell assembly methods to build 
a full cell capable of reverse cycling to examine battery performance 
and the long-term stability of the PolyS composite solid electrolytes  
Funding source: VTO 

Improvement Opportunities for Silicon Batteries Identifed 
With Electrochemical Modeling 

Lithium-ion batteries with silicon (Si) anodes can potentially increase 
the energy density and driving range of electric vehicles by up to 20%  
However, the current calendar lifetime of Si-based cells is signifcantly 
shorter than the 10+ years demonstrated by the graphite-based cells 
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presently used  Research at NREL seeks to better understand what drives 
the poor lifetime of Si-based cells to help guide the development of next-
generation Si electrolytes  Researchers used state-of-the-art electrochemical 
modeling tools to calculate electrical conductivity and predict how electrolyte 
composition and state-of-charge changes afect the solid-electrolyte interface 
(SEI) stability  Next, researchers predicted how SEI composition changed 
for various electrolytes with diferent solvent ratios and salt concentrations  
Results show that SEI stability is a strong function of the cell’s state of 
lithiation, and better stability is achieved with less lithiation  Going forward, 
these results can provide insights to optimize accelerating aging protocols  
Funding source: VTO 

Boron-Doped Silicon Nanoparticles Facilitate Facile Processing of 
High-Performing Lithium-Ion Battery Anodes 

Silicon Consortium Project researchers are exploring new lithium-ion 
battery designs that use silicon (Si) instead of graphite as the anode 
material  Currently, Si sufers from signifcantly reduced cycle and calendar 
lifetimes, and Si-based anodes that demonstrate low-capacity fade and long 
cycle lifetimes are critical to the success and future development of these 
batteries  NREL researchers used a novel method to produce oxide-free Si 
nanoparticles—plasma-enhanced chemical vapor deposition (PECVD)  This 
method has led to the synthesis of boron-doped Si nanoparticles, which 
exhibit unique surface chemistry to enable direct processing into printable 
inks suitable for anode fabrications  Findings show that these boron-doped 
Si nanoparticles matched against commonly used NMC811 battery cathodes 
deliver 1,000 cycles with under 20% capacity fade  This result demonstrates 
the efcacy of PECVD-grown nanoparticles in lithium-ion battery anodes 
and unlocks the potential for Si-based anodes that meet DOE performance 
metrics  Next steps will be to study the cycle and calendar life of boron-doped 
Si-based anodes in pouch cells, as well as to scale up the PECVD synthesis and 
electrode fabrication processes  Funding source: VTO 

Laser Ablation Improves Fast Charging and Life Cycle of 
Battery Electrodes 

NREL researchers have demonstrated how laser ablation of graphite anodes 
alone considerably improves wetting and the cell’s fast charging ability 
without any signifcant unfavorable microstructural or chemical drawbacks  
In addition, laser-ablated channels alleviate irreversible vertical expansion 
of electrodes and provide local excess electrolyte to mitigate dry-out, thus 
helping extend the cycle life of cells  These benefts could improve the fast 
charging ability and mileage life of electric vehicles, with minimal impact 
on cost and range  Researchers used the BatPac cost model to explore the 
economic feasibility of introducing laser ablation at the anode for roll-to-
roll production and showed that the cost of laser ablation would be around 
$1/kWh  In addition, new research is improving our understanding of the 
laser-matter interactions for diferent battery electrode types and the control 
challenges for high-throughput laser ablation of a moving electrode during 
roll-to-roll processing  In FY 2023, NREL researchers aim to demonstrate laser 
ablation at roll-to-roll scale using rolls of electrodes provided by Clarios  Next, 
Clarios will manufacture large 24-Ah cells from laser-ablated electrode rolls 
delivered to them to demonstrate laser ablation at pilot scale and quantify the 
benefts within commercial cells  Funding source: AMO and VTO 

Electrifcation R&D 
ELECTRIFICATION R&D 

Thermal and Thermomechanical Co-Optimization Reduces 
Thermal Resistance and Stresses in a Double-Side-Cooled 
Power Module 

NREL researchers continue to explore innovative pathways for compact, 
high-temperature, high-performance power modules and electronics 
for electric vehicles  In one project, researchers designed a dielectric 
fuid-based, double-side-cooled power module that can dissipate over 
800 W/cm2 while maintaining junction temperatures below 175°C  The 
thermal and thermomechanical aspects of the design were co-optimized 
to reduce thermal resistance, temperature variation between devices, 
and stress  In addition, the team achieved a compact form factor (240 
mL) for the conceptual power module (12 devices) and cooling system 
capable of dissipating 2 2 kW of heat The cooling concept can reduce 
junction-to-fuid thermal resistance and pumping power by 75% and 
80%, respectively, compared to a commercial power electronics thermal 
management system (2015 BMW i3)  The team will next demonstrate 
the concept on a single-sided power module, followed by a double-
sided module  Funding source: VTO 

Copper Surface Enhancements Demonstrate Improved Heat 
Transfer and Reliability 

Innovative copper-inverse-opal (CIO) enhanced surfaces show promise 
for improved thermal management of power electronics, unlocking 
the potential for improvements in packaging design and performance  
Researchers at NREL, Stanford University, University of California Merced, 
and Toyota are collaborating to evaluate the heat transfer performance 

of these CIO surfaces  This project subjected CIO surfaces to long-term 
boiling heat transfer at 6 days of continuous operation with a novel 
low-global-warming-potential refrigerant R-1233 ZD  Findings show 
that the heat transfer performance of the CIO surfaces stayed stable 
over the duration of this evaluation  Moving forward, the team plans 
to further explore new surface enhancements and refrigerants, as well 
as demonstrate the CIO-enhanced surfaces on a microcooler  Funding 
source: ARPA-E 

Modeling Informs Design of 2-MW Electric-Drive System for 
Aviation Applications 

As part of the Advanced Research Projects Agency–Energy (ARPA-E) 
Aviation-class Synergistically Cooled Electric-motors with iNtegrated 
Drives (ASCEND) program, NREL researchers are helping develop a high-
efciency, reliable, and compact inverter and electric motor for narrow-
body, single-aisle aircraft electrifcation  Researchers used thermal-fuid, 
thermomechanical, and system reliability modeling to inform the design 
of a 2-MW electric-drive system for the electrifed propulsion of an 
aircraft  NREL performed thermal fnite element and computational fuid 
dynamics modeling and one-dimensional heat transfer analysis to assist 
with the design  The resulting 2-MW electric motor, inverter, and system 
thermal management utilize supercritical carbon dioxide as the coolant, 
which ofers improvements in fow and heat transfer  In addition, 
researchers performed thermomechanical modeling and system 
reliability analysis to optimize the design safety and dependability  Next, 
researchers will use these fndings to design, develop, and evaluate a 
350-kW electric-drive system  Funding source: ARPA-E 
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GRID AND INFRASTRUCTURE 

NextGen Profles Project Quantifes and Characterizes Electric 
Vehicle Charging Profles 

High-power charging systems and vehicles capable of charge rates at 
200 kW and above are being widely deployed  High-power charging 
profles can vary greatly between electric vehicle supply equipment 
(EVSE) and electric vehicle (EV) manufacturers, and understanding these 
diferences will be critical for control and energy storage integration 
solutions to lower the cost of charging  This project captures EV high-
power charge profles from commercially available EVs and EVSE under 
difering operating conditions to fully quantify charging loads seen 
by the grid  It also captures and analyzes EV feet charging data  EVSE 
characterization activities have identifed several barriers to reliability, 
and profle characterization eforts have identifed the Hyundai Ioniq 
5 for evaluation above 200 kW  Next steps are to complete the EVSE 
characterization and characterization of high-power charging profles  
Funding source: VTO 

Analysis of Combined Public Data Sets and Travel Behaviors 
Informs Potential Future Charging Demands for Electric 
Vehicles at Scale 

Understanding the energy and power demands of electric vehicles 
(EVs) is key to electrifying the transportation sector  Planning for these 
EV charging demands will require an understanding of the energy and 
charging power requirements to satisfy travel needs and corresponding 
dwell periods  To investigate the transportation needs of drivers in 
Virginia, the Electric Vehicles at Scale (EVs@Scale) Laboratory Consortium 
team acquired data from Wejo for over 25 million origin-destination 
pair trips from September 2021 through February 2022  In conjunction 
with public data sets such as vehicle registration, land use, and census 
information, these trips were processed using NREL’s Electric Vehicle 
Infrastructure – Projection (EVI-Pro) tool to develop 30 million daily 
travel itineraries  These itineraries identify energy needs and charging 
opportunities by outlining daily distances traveled, driving times, and 

dwell periods  Combining these real-world itineraries with Transportation 
Energy & Mobility Pathway Options (TEMPO) adoption models provides 
insight on the future of EV charging loads  Understanding these energy 
and power requirements in space and time are critical to determine 
how charging will impact loads on the grid  The next steps for this efort 
are to process grid models that will be shared by partners at Dominion 
Energy and perform assessments of the grid impacts of EV charging, 
simulating real-world scenarios and smart charge management control 
implementation  Funding source: VTO 

High-Power Electric Vehicle Charging Hub Integration 
Platform Designs the Experimental, Interoperable Charging 
Facility of the Future 

Standards do not currently exist for electric vehicle (EV) chargers 
and site equipment, including DC distribution, protection, and grid 
interconnection  The Electric Vehicle Charging Hub Integration Platform 
(eCHIP) project addresses this by designing and operating a DC charging 
hub integrated with the grid  The project seeks to validate the charging 
hub’s hardware, software, and control interoperability within the station 
at megawatt scale  The project successfully conducted a technology 
review of diferent station architectures for both AC-hub and DC-hub 
charging stations, as well as other important DC microgrid projects  
A phased hardware demonstration plan was also developed  Both 
low-power, control-hardware-in-the-loop (C-HIL) and high-power, 
power-hardware-in-the-loop (P-HIL) development phases are built  
Station design requirements have been decided for DC bus distribution 
and site-level energy management systems as well  This eCHIP project 
will provide a pathway for the industry to understand the development 
stages for a high-power DC charging hub  Practical controllers will 
be developed to facilitate the fexible expansion of charging hubs 
serving light-, medium-, and heavy-duty vehicles  The next step is to 
demonstrate the frst phase of the DC charging hub, which is to provide 
power to up to two EVs and implement the frst version of the site-level 
control algorithm  Funding source: VTO 

HEAVY-DUTY CHARGING 

The transition to a nationwide feet of electric vehicles will require smart-charge-control strategies that enable multiple 
vehicles to charge at the same time without overloading the grid  Initially as part of the 1+ MW project and continuing 
into the Electric Vehicles at Scale (EVs@Scale) Laboratory Consortium High-Power Charging Pillar, NREL is exploring 
crosscutting factors infuencing the efective design and optimization of such a system, including site-integrated charging 
for improved operations and equipment costs, high-power conversion equipment, and the grid impacts of a multiport, 
publicly accessible charging station  The successful implementation of this system will depend on reliable integration 
between the renewable energy grid, all electric vehicle classes, and buildings such as charging stations  
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Materials Technology R&D 
LIGHTWEIGHT MATERIALS 

Recyclable-by-Design Carbon Fibers Composites Can Be Thermoformed 

Today’s standard epoxy-amine thermosets cannot be recycled or molded into diferent 
shapes due to their chemistry  This limits both their applications and overall material 
lifetimes  By using recyclable-by-design (RBD) epoxy-anhydride resins, NREL researchers 
can thermoform the carbon-fber-reinforced composites (CFRCs) to take multiple shapes 
and forms  Thermoforming is possible because the same polyester bonds that enable the 
recyclability of the material can also change the shape of the material by participating 
in exchange reactions  The RBD-CFRCs exhibit superior impact properties and greater 
enhancement to impact energy compared to the nonrecyclable thermosets  The RBD-
CFRCs can be thermoformed into multiple shapes for use in multiple applications  
They can also be reformed multiple times, extending the material life and reducing 
manufacturing energy emissions by avoiding the depolymerization and repolymerization 
processes  Next steps include investigating methods to reuse CFRCs across multiple lives 
without depolymerization, augmenting the RBD-CFRCs into other shapes, and repairing 
them with fresh resin  The team will also examine performance at a larger scale and 
develop methods to speed up the thermoforming cycle time  Funding source: VTO 

Decarbonization of Of-Road, Rail, 
Marine, and Aviation Technologies 
HEAVY-DUTY R&D 

Kinetic Model Points the Way to Optimization of Combustion of Novel 
Bio-Derived Diesel Blendstock 

Using a combined experimental-theoretical approach, NREL researchers and collaborators 
created a combustion kinetic model for 4-butoxy heptane (4BH), a promising low-net-
carbon diesel blendstock  4BH is among the top 13 blendstocks produced from biomass 
identifed by the Co-Optimization of Fuels & Engines (Co-Optima) program as a promising 
candidate for the hard-to-electrify heavy-duty of-road sector  Renewable oxygenates are 
widely used in diesel fuels today, but 4BH represents a new class of oxygenates known 
as ethers that are not yet used commercially  High-fdelity simulations using validated 
fuel combustion kinetic models are critical to optimize engines for these fuels to increase 
efciency and reduce emissions  NREL’s fow reactor experiments at both 1 and 10 times 
atmospheric pressure provided insights into the complex low-temperature autoignition 
mechanism of 4BH and informed development of the improved kinetic model  Future 
research will reduce the detailed kinetic model to a size suitable for incorporating into 
computational fuid dynamics models of engine combustion, revealing opportunities to 
optimize efciency and emissions  Funding source: VTO 

High-Fidelity, Low-Sample-Volume Method Developed for Measuring Critical 
Jet Fuel Property 

Determining if a new fuel will meet commercial performance requirements early in 
the fuel production process provides confdence for continued investment to scale up 
the new fuel  Only small volumes of new fuels are available at this early stage and can 

cost over $10,000 per liter, and the volume requirements for early-stage qualifcation is a 
signifcant barrier to sustainable aviation fuel development  Notably, over 80% of the fuel 
required for qualifcation is needed for measuring cetane number (CN), a critical property 
of fuel resistance to autoignition that determines the viability of new jet fuels  NREL 
researchers, in collaboration with the University of Dayton Research Institute, measured CNs 
of sustainable aviation fuel samples from the National Jet Fuel Combustion Program, Air Force 
Research Laboratory, and producers in the Advanced Fuel Ignition Delay Analyzer (AFIDA)  
The CNs were shown to be equivalent to ASTM D613 results  These results demonstrate 
that sustainable aviation fuel CN can be accurately measured in the AFIDA using less than 
one-third of the fuel volume required for the existing CN measurement  CN was originally 
developed as a performance metric for diesel fuels, and future research on fuel ignition delay 
will help determine if a metric more relevant to aviation turbine combustion can be created  
This work will help reduce the barriers to fuel qualifcation and accelerate the introduction of 
sustainable aviation fuel into the market  Funding source: BETO and VTO 

Technology Integration 
DATA AND SYSTEMS RESEARCH 

Second Edition of the Automated Mobility District Implementation Catalog 
Highlights Progress, Provides Insight 

Published by NREL in August 2022, the second edition of the Automated Mobility District 
(AMD) Implementation Catalog summarizes R&D progress for automated vehicles in 
passenger service, updates the status and lessons learned from 10 early-deployment AMD 
demonstrations, and provides key insights and principles for successful AMD implementation 
in dense urban areas  Developed in collaboration with the 10 demonstration sites, the catalog 
documents common challenges faced by transit agencies and local governments pursuing 
automated vehicles for district-scale mobility applications  Some such challenges include 
the market volatility of technology providers, many of whom have exited the marketplace 
or been acquired; uncertain regulatory and jurisdictional authority at the national, state, 
and local levels; and difculties stemming from operations in dense, highly complex, 
mixed trafc environments requiring intelligent roadway infrastructure for next-generation 
trafc control  Critical research eforts in 2023 will focus on station confgurations and curb 
operations to maximize throughput while maintaining safety, as well as best practices for 
vehicle electrifcation and charging  While the frst two editions of the catalog concentrated 
on municipal-led eforts, future research will incorporate corporate initiatives to develop 
commercial, on-demand automated vehicle services  Funding source: VTO 

Case Study in Fort Erie, Ontario, Evaluates Performance and Environmental 
Impacts of On-Demand Transit 

Rural and smaller-sized communities in North America face unique mobility challenges 
due to their low population density, lower public transit spending per capita compared to 
major cities, and high reliance on private vehicles While on-demand transit (ODT) systems 
have increased in frequency and popularity in recent years, the evaluation of such systems 
is lacking, especially regarding energy and emissions  NREL analyzed energy efciency, 
emissions, operational costs, travel time, wait time, spatial accessibility, and customer 
satisfaction for an ODT system in Fort Erie, Ontario  This activity was part of an ongoing case 
study series on small communities with on-demand, rightsized vehicle services coupled with 
smartphone applications  Based on interviews with employees in Fort Erie, as well as ridership 
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and operational data provided by software partner Pantonium, researchers 
analyzed transit system performance for both fxed-route and ODT systems  
Compared to fxed-route services prior to the COVID-19 pandemic, the 
ODT service model increased ridership by 40%, decreased greenhouse gas 
emissions per ride by 58%, decreased the cost per ride to the town by 29%, 
and increased customer satisfaction  Next, NREL will synthesize information 
regarding ODT systems across North America, expand research to include 
additional communities in North America and globally, and conduct further 
research into the potential benefts of electrifying ODT vehicles  Funding 
source: VTO 

NREL Experts Design Training and Mentorship Program for Early-
Career Mobility Professionals 

National strategies to optimize transportation energy and emissions 
are dependent on technology uptake in all communities, yet small 
municipalities often lack staf with specialized training to support applied 
projects in sustainable mobility  This limits planning for electrifcation and 
other crucial objectives to cities that already have sufcient staf capacities 
and skills  In collaboration with the New York State Energy Research and 
Development Authority (NYSERDA), NREL’s Technologist in Communities 
(TIC) team designed a fellows program of early-career professionals to 
support innovation and adoption of emerging mobility technologies and 
practices  The fellows will be embedded with awardees of NYSERDA’s Clean 
Transportation Prizes, an $85-million investment in 10 fnalist projects in 
underserved communities  This work is essential for ensuring knowledge 
gained from project communities can be transferred to other locations  
Looking ahead, the TIC team will mentor and provide resources to the 
fellows and continue developing curricula  Funding source: VTO 

Alternative Fuels Data Center Leads With Three Decades of 
Transportation Innovation 

Over three decades, NREL has catalyzed the growth of the Alternative Fuels 
Data Center (AFDC) into a foundational resource for data, information, and 
tools that have shaped the future of transportation  With more than 24 
million page views and 35 million web service (application programming 
interface) hits annually, the AFDC accounts for 33% of all EERE website 
trafc and 13 of its top 30 pages  NREL makes the AFDC a go-to resource 
in transportation by focusing on the people who use the website, forging 
strong government and industry partnerships, and making strategic 
decisions to provide the right information at the right time for the right 
audiences  In a recent example, the AFDC team swiftly and deftly worked 
with EERE’s Deputy Assistant Secretary for Sustainable Transportation 
ofce and developed information to help people understand how the 
Infation Reduction Act changed the electric vehicle (EV) tax credit  NREL 
collaborated with DOE, the Internal Revenue Service, and the National 
Highway Trafc Safety Administration to provide a list of vehicles assembled 
in North America, a tool for people to look up a vehicle’s build plant country, 
and information on how the EV tax credit changes based on the vehicle 
purchase date  In one month, these AFDC resources accounted for more 
than 450,000 page views and 6% of all EERE website trafc  Going forward, 
NREL will continue to provide tools and resources to help people navigate 
the changing landscape of transportation and make informed decisions  
Funding source: VTO 

Transportation Podcast Leverages Clean Cities 
Deployment Expertise 

Information sharing among on-the-ground deployment specialists, 
national lab experts, and VTO ofcials is crucial for integrating new 
afordable, efcient, and clean technologies into today’s transportation 
systems and paving the way for mobility solutions of the future  
Working with Clean Cities, NREL is continuously exploring new 
opportunities to develop pathways that leverage the knowledge of 
these audiences to enact change  In the frst year and a half of the On 
the Go Clean Cities podcast, NREL produced seven public episodes 
and three Clean Cities exclusive episodes, garnering 827 downloads 
and nearly 2,500 page views  A unique platform for VTO, the podcast 
takes the state of the industry, relevant news, recent research, and 
deployment projects from Clean Cities and rolls it into one easy-to-
access resource for listeners  Episodes explore community engagement, 
electric vehicle growth, sustainable aviation, transportation demand 
management, rural mobility, and other transportation topics  NREL 
is continuing to revise the approach to episode development, host 
an expanding repertoire of guests, and implement strategies to track 
listenership more accurately  Funding source: VTO 

Early Communication of Key Deployment Challenges and 
Lessons Learned from In-Progress FOA Projects 

NREL performed a deep-dive review of several in-progress VTO 
Technology Integration FOA projects—focusing on priority electric 
vehicle (EV) mobility topics identifed by VTO—to analyze and identify 
challenges and lessons learned  The real-world knowledge gained 
from these FOA projects can be leveraged by other project teams 
or communities working on similar deployment initiatives, and this 
analysis allows for early communication of key EV transportation 
deployment challenges and recommended practices  Challenges and 
lessons learned from VTO FOA projects are often overlooked or not 
shared  To conduct the deep-dive analysis, NREL reviewed progress 
reports and interim deliverables, interviewed project leads and teams, 
and held transparent discussions to identify interim fndings  NREL 
analyzed this information and created a series of documents on lessons 
learned for each EV mobility topic  This work increases the value 
of FOA projects by allowing broader audiences to tap into lessons 
learned  The information will be shared on the Clean Cities website 
and communicated through other channels (e g , Clean Cities national 
workshop, Clean Cities podcast)  This work will continue and expand 
in the future, focusing on diferent mobility topics and updating past 
fndings as appropriate  Funding source: VTO 

Clean Cities Energy and Environmental Justice Initiative 
Advances Intersectional Solutions for Transportation and 
Mobility Challenges 

The Clean Cities Energy and Environmental Justice Initiative (CCEEJI) 
incorporates community-based decision making into VTO eforts 
to develop clean transportation solutions with a more equitable 
distribution of benefts and burdens  This efort establishes mutually 

benefcial relationships between researchers and the communities 
they serve and allows for direct feedback mechanisms into the 
transportation research portfolio  CCEEJI is an innovative and intensive 
approach to create a thoughtful and sustainable impact within 
historically underserved, overburdened, and underrepresented 
communities  A series of online and in-person workshops brought 
together a diverse group of collaborators including The Greenlining 
Institute, Argonne National Lab, Kirwan Institute, Equitable Cities, 
30 Clean Cities coalitions, and numerous additional local speakers 
and experts  These workshops trained coalition leaders to embed 
equity considerations into existing and future Clean Cities eforts 
by fostering skills and expertise that allow for deep appreciation of 
historical injustices in transportation eforts and creating space to 
approach challenges and future projects with a new, more equitable 
lens  Coalitions now have a toolbox of resources to hire and train 
a community engagement liaison to support Clean Cities and VTO 
initiatives with a community- and equity-focused lens  Beyond the 
training, CCEEJI is a living laboratory and template for how to create 
equitable, thoughtful, and innovative teams and projects  Equity is not 
achieved by checking a box—it requires changing the approach to 
teaming, working within communities, and research—and this project 
provides a canvas to catalyze that change  Funding source: VTO 

NREL Expands Technical Assistance Collaborations by 
Leveraging Long-Term Successes and Strong Reputation 

NREL’s long-established technical assistance capabilities and deep 
relationship with VTO’s Technology Integration program served as 
the foundation for new collaborations with other national labs and 
federal agencies  These entities now seek out NREL deployment 
experts as the go-to resource for guidance on vehicles, station 
operations, electric vehicle infrastructure, data logging, and evaluating 
potential opportunities to implement alternative fuels and advanced 
technologies  In FY 2022, VTO, the Joint Ofce of Energy and 
Transportation, the Federal Transit Administration (FTA), and the U S  
Environmental Protection Agency (EPA) approached NREL to provide 
technical assistance for key programs in the Bipartisan Infrastructure 
Law  NREL developed a technical assistance concierge service to 
provide a fast, efcient process for responding to the needs of states 
developing electric vehicle infrastructure plans under the National 
Electric Vehicle Infrastructure Formula Program  Building on this, 
NREL developed additional concierge services for school and transit 
bus feets seeking funding through the EPA and FTA to adopt electric 
buses  In FY 2023, NREL will continue leveraging established, deep 
relationships with industry stakeholders to understand challenges to 
electrifying the transportation system and develop resources and tools 
to help overcome those challenges  Funding source: VTO 
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ALTERNATIVE FUELS REGULATORY PROGRAM 

Energy Policy Act Annual Reports Submitted and Approved, 
Ensuring Manageable Burden for Covered Fleets 

One-hundred percent of the Energy Policy Act (EPAct) Fleet Alternative 
Fuel Transportation Program Model Year 2021 (MY21) annual reports 
due to DOE were submitted, processed, reviewed, and approved, 
and all covered feets are in compliance for MY21  NREL continually 
streamlines the compliance process by improving web tools both for 
covered feets and administration of the database, and the result of 

Analysis 
DATA 

National Commercial Vehicle Data Framework Provides 
Strategic Data and Analytics To Guide Cost-Efective R&D for 
Commercial Vehicle Decarbonization 

Commercial vehicles are signifcant greenhouse gas contributors, 
real-word use cases are variable, and purchase decisions are highly 
sensitive to costs  Comprehensive, accurate, and accessible data and 
advanced analytics on use, cost, and emissions are lacking but required 
for guiding research and accelerating decarbonization  To address 
this need, NREL’s National Commercial Vehicle Data Framework team 
has developed a multipronged data acquisition strategy and a data 
pipeline from capture through analysis and dissemination  The team 
has also developed a framework to provide access to a broad range of 

these eforts is a net savings of resources for the EPAct program and 
DOE  Upfront communication with reporting feets and more seamless 
interaction among team members allowed the collection, review, and 
approval process to be completed efciently  It is a testament to the 
DOE team’s strong approach to compliance that all reports, delinquent 
reporting feets, and feets seeking exemptions have been addressed 
to completion  Next, the team will add user-side and admin-side 
functionality to the Alternative Compliance tools to improve the 
utility and interface for users and administrators using the resources  
Funding source: VTO 

data sources and anonymized data products, including an interactive 
dashboard for NREL’s fagship Fleet DNA operational database  The 
dashboard provides an overview of data content and key summary 
statistics describing vehicle use cases and enables frequent updates 
as the database grows  Achieving decarbonization goals requires an 
understanding of commercial vehicle segments, dynamic market 
trends, performance requirements, and technology impacts across a 
broad range of use cases  Stakeholders need timely access to data and 
insights to inform this understanding  Looking forward, the team will 
provide key stakeholders with secure access to the beta framework, 
gather feedback, and refne the layout, functionality, and content  
Funding source: VTO 

MODELING 

Sophisticated Modeling Framework Used To Estimate the 
Investment Needed for National Charging Infrastructure 

U S  decarbonization goals are spurring the rapid electrifcation of 
on-road transportation and the deployment of related charging 
infrastructure  Estimating infrastructure needs at the national level 
is a challenging analytical problem that requires quantifying the 
needs of those without access to at-home charging, understanding 
the frequency of long-distance travel, and anticipating the needs 
of ride-hailing drivers  NREL has leveraged its EVI-X modeling suite 
of electric vehicle charging infrastructure analysis tools to address 
these use cases  To meet the goal that 50% of light-duty sales be 
zero-emission vehicles by 2030, NREL estimates that $80 billion in 
cumulative investment will be necessary to support the purchase 
and installation of charging equipment—with about half of this 
investment supporting private-access charging at residences and 
workplaces and half supporting public-access charging at retail outlets 
and travel centers  Given the size of this investment and the myriad 
stakeholders (including automakers, charging networks, utilities, and 
local governments), NREL analysis results are expected to motivate 
and inform proactive investments and facilitate coordination of public/ 
private funds  Next, NREL plans to refne this analysis by increasing the 
geographic resolution of its modeling to support utility planning and 
to expand the scope to include the needs of medium- and heavy-duty 
vehicles  Funding source: VTO 

Model Enhancements Enable Rigorous Analysis of Equitable 
Transportation Decarbonization Pathways 

Light-duty vehicle decarbonization is critical for achieving U S  carbon 
emission reduction goals and ensuring equity in vehicle technology 
transitions  As Yogi Berra observed, “It’s hard to make predictions, 
especially about the future”—but when estimating the potential 
long-term decarbonization and equity implications of prospective 
technology investments and policy choices, a rigorously validated 
vehicle-market model can provide important insights on which 
pathways will likely yield the most desirable results  NREL’s Automotive 
Deployment Options Projection Tool (ADOPT) has achieved strong 
validation through stable representation of consumer preferences 
for vehicle attributes such as price, performance, size, fuel economy, 
and range  Recent enhancements to ADOPT’s endogenous evolution 
of vehicle options through time based on market conditions have 
further improved the model’s ability to match the number of battery-
electric vehicles produced, their sales, and their average price  
Strong validation of such output metrics, along with ADOPT’s ability 
to estimate advanced vehicle-market penetration over diferent 
consumer income levels, bolster confdence in the model’s ability 
to provide insights on equitable transportation decarbonization 
pathways  Next steps are to complete scenario analyses and iteration 
to identify the most important factors that advance equitable light-
duty vehicle decarbonization  This includes evaluating sensitivities to 
battery cost reductions in the context of evolving market condition 

scenarios, such as those including electric vehicle purchase incentive 
price caps and household income caps  Funding source: VTO 

Analysis Explores Fuel-Price Sensitivity of Decarbonization 
Pathways for Commercial Vehicles 

Transportation decarbonization strategies must address commercial 
vehicles, which account for about 20% of transportation greenhouse 
gas emissions  This sector is critical to the U S  economy, and fnancial 
considerations are key to vehicle purchase decisions, which drives 
the need for cost-efective solutions  With NREL’s Truck Integrated 
Techno-Economic Analysis (TITAN) framework, researchers used the 
Transportation Technology Total Cost of Ownership (T3CO) model, 
the Future Automotive Systems Technology Simulator (FASTSim), and 
the TRUCK adoption model to develop future commercial vehicle 
powertrain models that minimize total cost of ownership and estimate 
market uptake based on fnancial considerations  Analyses explored 
technology progress in line with DOE research and development goals 
under a range of future fuel and electricity prices  The results show that 
if today’s diesel prices persist, an electricity price at or below $0 17/ 
kWh can enable signifcant levels of zero-emission vehicle adoption 
even in the most difcult-to-decarbonize segment—sleeper cab 
tractors—assuming sufcient charging infrastructure  Medium- and 
heavy-duty straight trucks are easier to electrify, though the pace 
of decarbonization remains dependent on fuel pricing  With further 
support, priority next steps would be to publish analysis results and 
refne with additional reduced-emissions powertrains, such as multiple 
electric vehicle range options, plug-in hybrids, and hydrogen internal 
combustion engines  Funding source: VTO 

New Model Evaluates Equity of Electric Vehicle and Charging 
Infrastructure Deployments 

NREL’s Electric Vehicle Infrastructure for Equity (EVI-Equity) model 
addresses the need for a comprehensive, detailed tool for assessing 
the equitable deployment of electric vehicles (EVs) and corresponding 
charging infrastructure within neighborhoods, cities, and across the 
nation  Researchers created and have applied EVI-Equity to evaluate 
equitable access (physical and economic) to EVs and charging 
infrastructure while accounting for household-level characteristics— 
including sociodemographics, vehicle ownership, travel patterns, 
and charging needs—as well as a wide variety of environmental 
factors such as air pollution, hazardous facilities, and land use  EVI-
Equity provides various stakeholders, including city planners, state/ 
federal agencies, and others, with critical information on existing and 
future/projected inequity in EV adoption and charging infrastructure 
distribution  Such information can be used to identify opportunities 
and inform the development of strategies to improve equity for 
disadvantaged, underrepresented, or underserved neighborhoods  
Next, NREL will refne and enhance the initial “proof-of-concept” 
version of the model and build a public-facing, online platform for 
accessing the model and its underlying data  Funding source: VTO 

43 42 
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LAB-BASED CROSSCUTTING PROJECTS 

NREL Supports Multiagency Analysis of Decarbonization 
Scenarios for Passenger and Freight Transportation Systems 

Despite growing interest in deeply reducing transportation emissions, 
the pathways to achieve ambitious goals and transition the 
transportation sector to a sustainable future remain highly uncertain  
NREL supported EERE by providing leadership and coordinating 
the development of a multiagency transportation decarbonization 
strategy including DOE, U S  Department of Transportation, U S  
Environmental Protection Agency, and U S  Department of Housing 
and Urban Development  Moreover, NREL performed technical 
analyses to explore the opportunity space for EERE technologies to 
reduce emissions in multiple transportation applications, focusing 
on zero-emission vehicles (ZEVs) for passenger and commercial 
applications as well as electric vehicle grid integration  Analysis 
results—documented in NREL’s Decarbonizing Medium- and Heavy-
Duty On-Road Vehicles: Zero-Emission Vehicles Cost Analysis report 
and highlighted by DOE and the White House—show that with 
continued improvements in vehicle and fuel technologies (in line 
with DOE targets and vetted with industry), ZEVs can reach total-
cost-of-driving parity with conventional diesel vehicles by 2035 for all 
medium- and heavy-duty vehicle classes (without incentives)  Results 
like these are critical for informing policy and decision makers as 
they target research, development, and deployment funding; guide 
infrastructure investments; and prepare for the transition of energy 
and industrial systems  Looking ahead, NREL will continue to improve 
its modeling tools, refne results, and support DOE to fnalize and 
publish the multiagency transportation decarbonization blueprint  
Researchers will also explore in more detail the cross-sectoral 
implications between electric vehicles and power systems, as well as 
broaden analysis to refne understanding of decarbonization pathways 
for the entire transportation sector and the relative role of diferent 
technology, policy, and behavioral levers  Funding source: VTO 

Smart Mobility Systems 
COMPUTATIONAL MODELING 
AND SIMULATION 

E-Bikes More Efcient Than E-Scooters; Both Good Choices 
for Short Trips 

Micromobility vehicles, primarily including e-bikes and e-scooters, are 
present in every U S  city and have increased in popularity since the 
beginning of the COVID-19 pandemic  However, current transportation 
models do not fully include these vehicles as mode options, and 
their use for utilitarian transportation is poorly understood  Research 
partner Argonne National Laboratory developed a data collection 

device, and NREL is leading analytical approaches to capture the 
in-use energy intensity of e-bikes and e-scooters  Data collection 
tools installed on representative vehicles revealed that e-bikes with 
full electric assist turned on use approximately half as much energy 
as kick-style e-scooters, with energy intensity values measured at 8 4 
Wh/mile for an e-bike and 19 Wh/mile for an e-scooter  These fndings 
are critical for exploring how light electric vehicles compare to an 
estimated 250 Wh/mile for an electric car and the equivalent of 1,200+ 
Wh/mile for a similarly sized conventional car  They also suggest 
substantial energy savings are possible using micromobility for 
trips, where viable  Looking ahead, the team will continue collecting 
data from micromobility vehicles, including e-bikes, e-scooters, and 
possibly cargo e-bikes, and further explore the potential impacts of 
both shared and privately owned micromobility use at a national scale  
Funding source: VTO 

Who Will Use the Next Mobility Innovation? Novel Modeling 
Provides Insight 

In the current era of rapid innovation, it is essential to quickly 
characterize potential users of new or yet-to-be-developed modes 
and evaluate anticipated energy and emissions outcomes of emerging 
mobility technologies and practices  NREL is developing a new mode-
choice model for exploring emerging or yet-to-be-developed modes, 
even before they become available  The Fundamental Infuencing 
Factors (FIF) behavioral model weighs mode characteristics along 
with user preferences and other parameters to determine the types of 
users who may adopt new mobility technologies  In collaboration with 
Lawrence Berkeley and Argonne national laboratories, NREL plans to 
integrate the FIF model as a component in larger agent-based models 
to inform scenarios where data on new or imagined modes may not 
yet exist  Funding source: VTO 

Analysis Enables View Into Micromobility 
Redistribution Patterns 

Shared micromobility operations of e-scooters and e-bikes are 
dependent on larger vehicles to reposition the smaller vehicles to meet 
user demand or to collect them for charging and maintenance  This 
poses considerable logistical challenges to feet operators  Through 
analysis of General Bikeshare Feed Specifcation data, research partner 
Lawrence Berkeley National Laboratory identifed the movement of 
shared micromobility vehicles within systems  Between 3% and 19% of 
micromobility trips/movements are for repositioning in larger vehicles, 
accounting for 5%–18% of vehicle miles traveled overall  Variability in 
these numbers relates to diferences in city geography and system size  
NREL is applying these fndings to help put numbers to the energy cost 
overhead of shared micromobility, which is equivalent to deadhead 
miles of transportation networking company services  Higher-density 
systems, such as New York City, coincide with reduced need for 
repositioning and higher numbers of passenger trips  Analysis fndings 
will inform large agent-based modeling eforts, as well as planning 

and operations for optimized feet management—a need expressed 
by many industry stakeholders—to improve the user experience and 
reduce access barriers  Funding source: VTO 

Livewire Demonstrates Steady Growth and Adds User 
Requested Features to Enhance Dataset Usability 

Livewire enables researchers to easily store and disseminate 
their research data by easing and eliminating barriers to sharing 
and discovering transportation and energy efciency data  Both 
Livewire and the Transportation Secure Data Center (TSDC) have 
seen steady growth of new users  Working closely with consortium 
partners Pacifc Northwest National Laboratory and Idaho National 
Laboratory, the Livewire team added automatic account approvals 
with tiers of access based on email domain, automatic inclusion of 
digital object identifers to the platform, and detailed metadata and 
quality characterization for over 150 datasets  Detailed metadata 
provides information about a dataset that will enable future Livewire 
features such as advanced querying and fltering, and dataset quality 
characterization helps users make choices about the data they choose  
NREL researchers also conducted in-depth analysis of Fleet DNA data 
and added several new datasets from the TSDC  Livewire will continue 
to expand coverage of detailed metadata and quality characterization, 
as well as build on these accomplishments with the additions of 
features and targeted data  Funding source: VTO 

Automated Trafc Signal Performance Measures for Closely 
Located Signals Are Interrelated 

Poorly optimized trafc signal timings can lead to high vehicle-
energy inefciencies  Automated trafc signal performance measures 
(ATSPMs) provide an automated and scalable method to characterize 
the operation of intersection signal controllers in regard to energy 
efciency  These ATSPMs are collected and calculated from vehicle 
probe data across trafc signals and converted into actionable 
performance measures  In collaboration with New Jersey Institute 
of Technology researchers, NREL calculated energy ATSPMs for 
the Chattanooga, Tennessee, area using 2021 vehicle probe data 
from Wejo  These vehicle traces were converted into vehicle fuel 
consumption profles and aggregated per intersections to determine 
the energy ATSPMs per trafc signal  NREL found that closely 
located signal intersections’ energy profles were interrelated; the 

understanding that closely located signals must be considered in 
conjunction with one another will help inform the actions to be taken 
to address vehicle-energy inefciencies across an area  The next 
step is to scale up the energy ATSPM calculations from about 67% of 
intersections to over 90% of intersections in Chattanooga, Tennessee, 
to have a complete picture of signal control operation in the region  
Funding source: VTO 

MOBILITY SOLUTIONS FOR UNDERSERVED 
COMMUNITIES 

New Analysis Tool Estimates Air Quality Impacts of Federal 
Charging Infrastructure Investments 

Created by the Bipartisan Infrastructure Law, the new Joint Ofce of 
Energy and Transportation (Joint Ofce) is overseeing the $7 5-billion 
investment to create a national charging network  Local air quality 
improvements stemming from this network are expected to be a key 
beneft of this substantial public investment  However, estimating the 
magnitude of air quality improvements and ensuring their equitable 
distribution is a challenging analytical task  To address this challenge, 
NREL and Lawrence Berkeley National Laboratory have developed 
and applied the Benefts of Infrastructure in Largescale Deployment 
for Air Quality (BILD-AQ) framework  BILD-AQ leverages modeling 
resources from both labs to simulate connections between charging 
infrastructure and electric vehicle adoption, as well as changes 
in emissions from on-road sources and electrical generation, and 
ultimately to quantify air quality changes at the local level to analyze 
the distribution of benefts to disadvantaged communities  BILD-
AQ was developed through VTO’s Energy Efcient Mobility Systems 
program and is expected to continue to support Joint Ofce program 
evaluation activities in FY 2023  Other planned activities include 
refning BILD-AQ to capture multiple types of charging and consider 
changes to the grid, as well as to develop a web-based version of the 
framework  Funding source: VTO 
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 SUCCESS METRICS 

Patents & Records of Invention 
Records of Invention 

• Micro Structured Battery Electrodes 

Patent Provisional Applications 

• Mechanical Pulverization of Cobalt-Free Nickel-Rich Cathodes 

• Casing for Pouch Cell Batteries 

Patent Applications 

• Condensers and Electronic Assemblies 

• Methods and Devices for Electrochemical Relithiation of Lithium-
Ion Batteries 

• Electrolyte Components for Charging of Lithium-Ion Batteries 

Publications & Communications 
Vehicle Technologies Publication Metrics 

Publication Type Q1 Q2 Q3 Q4 Total 

Journal Articles 17 12 24 12 65 

Technical Reports, Conference Papers, Book Chapters, and 
Subcontractor Reports 

14 9 6 11 40 

Patents 0 1 0 1 2 

Presentations and Posters 4 14 9 23 50 

Brochures, Fact Sheets, and Other Outreach Materials 2 2 2 2 8 

Management Reports 0 0 0 1 1 

Total Publications 37 38 41 50 166 

Publications 

Patent Cooperation Treaty Application 

• Methods and Devices for Electrochemical Relithiation of Lithium-
Ion Batteries 

• Electrolyte Components for Charging of Lithium-Ion Batteries 

Patent Awards 

• Automated Vehicle Occupancy Detection 

Chapters Conference Papers 
1  Tremolet de Villers, Bertrand J ; Han, Sang-Don  2021  “Chapter 4: 2  Carow, Kyle; Cantwell, Nathaniel; Ivanco, Andrej; Holden, Jake; Baker, 

Vibrational Spectroscopy for Batteries ” In Batteries: Materials Principles Chad; Miller, Eric; Asher, Zachary  2022  “High-Fidelity Heavy-Duty Vehicle 
and Characterization Methods  Bristol, UK: IOP Publishing  https://doi. Modeling Using Sparse Telematics Data ” Presented at the WCX SAE World 
org/10.1088/978-0-7503-2682-7ch4 Congress Experience, Detroit, MI, 5–7 April 2022  https://saemobilus.sae. 

org/content/2022-01-0527/ 

https://doi.org/10.1088/978-0-7503-2682-7ch4
https://doi.org/10.1088/978-0-7503-2682-7ch4
https://saemobilus.sae.org/content/2022-01-0527/
https://saemobilus.sae.org/content/2022-01-0527/
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3  Hassanaly, Malik; Weddle, Peter; Smith, Kandler; De, Subhayan; Doostan, 
Alireza; King, Ryan N  2022  “Physics-Informed Neural Network Modeling 
of Li-Ion Batteries: Preprint ” Presented at the 242nd Electrochemical 
Society Meeting, Atlanta, GA, 9–13 October 2022  https://www.nrel.gov/ 
docs/fy22osti/82015.pdf 

4  Hou, Yi; Zhang, Xiangyu; Graf, Peter; Tripp, Charles; Biagioni, David  2021  
“A Cyber-Physical System for Freeway Ramp Meter Signal Control Using 
Deep Reinforcement Learning in a Connected Environment ” Presented at 
the 2021 IEEE International Intelligent Transportation Systems Conference 
(ITSC), 19–22 September 2021, Indianapolis, Indiana  https://dx.doi. 
org/10.1109/ITSC48978.2021.9564699 

5  Janicke, Lauren; Burch, Benjamin; Shankari, K ; Yip, Arthur  2022  
“Developing an Interactive Landscape for Mobility Resources: Preprint ” 
Presented at the Transportation Research Board (TRB) 101st Annual 
Meeting, Washington, D C , 9–13 January 2022  https://www.nrel.gov/ 
docs/fy22osti/81740.pdf 

6  Kavikondala, Sai Murali Krishna Rohit; Sperling, Joshua; Hou, Yi; Holden, 
Jacob; Young, Stanley; Duvall, Andrew; Yang, Allan  2022  “Quantifying 
Movement Motivations, Demand, and Infow-Outfow Dynamics in Four 
Cities (New York, Chicago, Austin, and San Diego) During COVID-19: 
Preprint ” Presented at the International Conference on Transportation 
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19  Transportation Modeling Tool Informs Intelligent Planning and Control 
for Mobility-Service-Provider Fleets (February 17, 2022)  https://www. 
nrel.gov/news/program/2022/transportation-modeling-tool-informs-
intelligent-planning-control-mobility-service-provider-feets.html 

20  Battery Research Tackles New Challenges for Behind-the-Meter Stationary 
Storage Systems (March 24, 2022)  https://www.nrel.gov/news/ 
program/2022/battery-research-tackles-new-challenges-for-behind-
the-meter-stationary-storage-systems.html 

21  Transportation Innovation Bridges Divides (March 24, 2022)  https:// 
www.nrel.gov/news/features/2022/transportation-innovation-bridges-
divides.html 

22  Roadblocks to Transportation Access (March 24, 2022)  https://www.nrel. 
gov/news/program/2022/roadblocks-to-transportation-access.html 

23  NREL Senior Research Fellow Honored for International Leadership and 
Innovation in Energy Chemistry (March 31, 2022)  https://www.nrel. 
gov/news/program/2022/nrel-senior-research-fellow-honored-for-
international-leadership-and-innovation-in-energy-chemistry.html 

24  NREL Gets Electric Of the Ground With R&D, Analysis on Battery-Powered 
Aircraft and Seacraft (April 4, 2022)  https://www.nrel.gov/news/ 
program/2022/nrel-gets-electric-of-the-ground-with-rd-analysis-on-
battery-powered-aircraft-and-seacraft.html 

25  NREL Scientist Joins United Nations Team in Identifying Opportunities 
To Slow Climate Change (April 4, 2022)  https://www.nrel.gov/news/ 
program/2022/nrel-scientist-joins-united-nations-team-in-identifying-
opportunities-to-slow-climate-change.html 

26  Keeping It Cool With Power Electronics and Electric Machines System 
Designs (April 7, 2022)  https://www.nrel.gov/news/program/2022/ 
keeping-it-cool-with-power-electronics-electric-machines.html 

27  Electric Vehicle Manufacturers Mobilize Behind Charging Cybersecurity 
at NREL (April 29, 2022)  https://www.nrel.gov/news/program/2022/ev-
manufacturers-mobilize-behind-charging-cybersecurity-at-nrel.html 

28  15 NREL Researchers Receive Distinguished Member of Research 
Staf Designation (May 5, 2022)  https://www.nrel.gov/news/ 
program/2022/15-nrel-researchers-receive-distinguished-member-of-
research-staf-designation.html 

29  No Time, No Chips: No Problem for NREL (May 6, 2022)  https://www.nrel. 
gov/news/program/2022/no-time-no-chips-no-problem-for-nrel.html 

30  Laboratory Partnerships Bolster Battery Recycling Prize Solutions (May 
11, 2022)  https://www.nrel.gov/news/program/2022/laboratory-
partnerships-bolster-battery-recycling-prize-solutions.html 

31  From Full Fare to Fast Charging (May 12, 2022)  https://www.nrel.gov/ 
news/program/2022/from-full-fare-to-fast-charging.html 

32  Expanded Nanoscale Imaging Lends a Clearer Vision for the Future of 
Batteries (May 16, 2022)  https://www.nrel.gov/news/program/2022/ 
expanded-nanoscale-imaging-lends-clearer-vision-future-of-batteries. 
html 

33  ARPA-E Funding Drives Innovation, Industry Partnerships at NREL (May 
19, 2022)  https://www.nrel.gov/news/features/2022/arpa-e-funding-
drives-innovation-industry-partnerships-at-nrel.html 

34  Battery Policies and Incentives Database Contributes to U S  Eforts To 
Build a Secure Electric Vehicle Battery Supply Chain (May 24, 2022)  
https://www.nrel.gov/news/program/2022/battery-policies-and-
incentives-database-contributes-to-us-eforts-to-build-a-secure-
electric-vehicle-battery-supply-chain.html 

35  NREL Pledge Curbs Emissions as Part of Larger DOE Initiative (May 25, 
2022)  https://www.nrel.gov/news/features/2022/nrel-pledge-curbs-
emissions-as-part-of-larger-doe-initiative.html 

36  Connecting the Country: Are Quick, Electrifed Flights From Local Airports 
Possible? (May 26, 2022)  https://www.nrel.gov/news/program/2022/ 
connecting-the-country-are-quick-electrifed-fights-from-local-
airports-possible.html 

37  SAFFiRE Sustainable Aviation Fuel Project Earns Government-Industry 
Boost (June 1, 2022)  https://www.nrel.gov/news/program/2022/safre-
sustainable-aviation-fuel-project-earns-government-industry-boost. 
html 

38  Giving Vehicles a Safe Green Light (June 1, 2022)  https://www.nrel.gov/ 
news/program/2022/giving-vehicles-a-safe-green-light.html 

39  Co-Optima Crosses the Finish Line (June 15, 2022)  https://www.nrel.gov/ 
news/program/2022/co-optima-crosses-the-fnish-line.html 

40  NREL OpenPATH Tool Enables Expanded E-Bike Pilot Program To 
Demonstrate Energy-Efciency Benefts (July 11, 2022)  https://www.nrel. 
gov/news/program/2022/nrel-openpath-tool-enables-expanded-e-
bike-pilot-program-to-demonstrate-energy-efciency-benefts.html 

41  NREL Addresses Energy Challenges for Sustainable Aviation (July 15, 
2022)  https://www.nrel.gov/news/program/2022/nrel-addresses-
energy-challenges-for-sustainable-aviation.html 

42  Federal Aviation Administration Partners With NREL for a Holistic Look at 
Energy Needs of Electrifed Aircraft (July 20, 2022)  https://www.nrel.gov/ 
news/program/2022/federal-aviation-administration-partners-with-
nrel-for-a-holistic-look-at-energy-needs-of-electrifed-aircraft.html 

43  Not Just Bread and Beer—Microbes Can Ferment Carbon Dioxide To Make 
Fuel, Too (July 27, 2022)  https://www.nrel.gov/news/program/2022/ 
not-just-bread-and-beer-microbes-can-ferment-carbon-dioxide-to-
make-fuel-too.html 

44  NREL’s Johney Green Appointed Chairman of National GEM Consortium 
(July 20, 2022)  https://www.nrel.gov/news/program/2022/nrels-
johney-green-appointed-chairman-of-national-gem-consortium.html 

45  Scientist Maps Battery Data for Optimized Energy Storage Solutions (July 
28, 2022)  https://www.nrel.gov/news/program/2022/scientist-maps-
battery-data-for-optimized-energy-storage-solutions.html 

46  Partner Forum Helps Cement Partnership Between NREL, Dallas Fort 
Worth International Airport (August 8, 2022)  https://www.nrel.gov/ 
news/features/2022/partner-forum-helps-cement-partnership-
between-nrel-dallas-fort-worth-international-airport.html 

47  En Route to Market: Alder Fuels and NREL Partner To Scale Sustainable 
Aviation Fuel Technology for Commercial Use (August 8, 2022)  https:// 
www.nrel.gov/news/program/2022/enroute-to-market-alder-fuels-
and-nrel-partner-to-scale-sustainable-aviation-fuel-technology-for-
commercial-use.html 

48  On Land, Across Oceans, and in the Air (August 10, 2022)  https://www.nrel. 
gov/news/program/2022/on-land-across-oceans-and-in-the-air.html 

49  Better Components Can Boost Range and Efciency of Next-Gen 
Sustainable Aircraft (August 11, 2022)  https://www.nrel.gov/news/ 
program/2022/better-components-can-boost-range-and-efciency-of-
next-gen-sustainable-aircraft.html 

50  NREL’s 6th Partner Forum Digs Deep on Sustainable Aviation 
Opportunities (August 25, 2022)  https://www.nrel.gov/news/ 
features/2022/nrels-6th-partner-forum-digs-deep-on-sustainable-
aviation-opportunities.html 

51  International Collaboration Strengthens Sustainable Battery Research 
(August 30, 2022)  https://www.nrel.gov/news/program/2022/ 
international-collaboration-strengthens-sustainable-battery-research. 
html 

52  Electric Vehicle Battery Models Inform Crash Simulation Evaluations To 
Improve Real-World Safety, Reliability (September 19, 2022)  https:// 
www.nrel.gov/news/program/2022/ev-battery-models-inform-crash-
simulation-evaluations.html 

53  Innovative Analysis Tool Opens Path Toward Better Mobility for All 
(September 21, 2022)  https://www.nrel.gov/news/features/2022/ 
innovative-analysis-tool-opens-path-toward-better-mobility-for-all. 
html 

54  News Release: Catalytic Process With Lignin Could Enable 100% 
Sustainable Aviation Fuel (September 22, 2022)  https://www.nrel.gov/ 
news/press/2022/catalytic-process-with-lignin-could-enable-100-
sustainable-aviation-fuel.html 

55  NREL Power Electronics Capabilities Primed for Innovation (September 
30, 2022)  https://www.nrel.gov/news/program/2022/nrel-power-
electronics-capabilities-primed-for-innovation.html 
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