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Using scanning-tunneling microscopy to understand
subatomic-thin membranes and enable the hydrogen
economy.

Demonstrating new methods to induce currents in 2D
materials which they hope will lead to innovations in the
next generation of electronics and energy storage.

Advancing our understanding of crystal structures to further
improve next-generation semiconductors.

Understanding how optical metasurfaces can be used to
significantly increase computational speed while also
reducing power consumption.

Vanderbilt is one of the UT-Battelle Core University Partners, a
select group of seven southeastern universities that work
closely with Oak Ridge National Laboratory to jointly appoint
faculty with common scientific interests, support collaborative
research, train graduate students, and provide regional support
for ORNL in the state of Tennessee. Padma Raghavan, vice
provost for research and innovation, serves as Vanderbilt’s
representative on the UT-Battelle Board of Governors, which
oversees the management of ORNL and works closely with
ORNL leadership to promote collaborations. Jason Valentine,
associate professor of mechanical engineering and electrical
engineering, is the core university liaison with ORNL.
Vanderbilt and ORNL are strongly committed to their ongoing
research partnership. 

Current activities by Vanderbilt researchers at ORNL include
the use of the Spallation Neutron Source, the Center for
Nanophase Materials Science, and the TITAN and SUMMIT
supercomputers for engineering, chemistry, physics,
biochemistry and cell biology research. Collaborative research
teams are:

These growing collaborations leverage the institutions’
complementary strengths and have the potential to drive
innovation and address challenges of national importance. To
further these collaborative activities, Vanderbilt established a
VU-ORNL workshop series which covered topics such as
frontiers in nanoscience.
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Partnering with Oak Ridge National
Laboratory

Researchers are working to discover the best way to genetically
modify blue-green algae called cyanobacteria to produce fatty acid
molecules that are used as a source of clean energy. (Vanderbilt
University)

An ongoing $4 million DOE Office of Science-funded initiative
to advance research in isotope production includes a
Vanderbilt engineering researcher’s work on separation
technologies and scaling up processes. The funding is part of a
key federal program that produces essential isotopes
otherwise unavailable or in short supply for U.S. science,
medicine and industry. Isotopes, or variations of the same
elements with the same number of protons but different
numbers of neutrons, have unique properties that can make
them useful in medical diagnostic and treatment applications.
They also are important for applications in quantum information
science, nuclear power, national security and more. Separation
of one isotope from another is inherently challenging, but this
project aims to use a fundamental understanding of separation
processes using novel membranes to enable process design
and scale up for isotope separation. 

Advancing isotope product ion critical for
U.S. science, medicine and industry 

A $1.5 million DOE Office of Science grant at Vanderbilt
University’s School of Engineering is bringing together experts
from three institutions to parse the metabolism of a blue-green
algae that holds great promise for biofuel production. The team
will take a systems biology approach to identify how
cyanobacteria, also known as blue-green algae, can be
engineered to produce large amounts of lipids, in the form of
free fatty acids, which then can be used as a biofuel.
Cyanobacteria are already capable of producing lipids directly
from sunlight and atmospheric carbon dioxide using
photosynthesis, but not at the rates and quantities necessary
to sustain a commercial biofuel process. The organism’s
flexibility makes it especially attractive to DOE as a
biomanufacturing host because its growth does not compete
with production of crops or other food sources. The species
can be grown using wastewater resources and without organic
sources of carbon, such as sugar, on land that is unsuitable for
agriculture. The focus of this research is to take the tools that
were developed for analyzing and controlling cyanobacterial
metabolism and leverage them toward optimizing an important
metabolic pathway for producing renewable fuels and
chemicals.

Engineering cyanobacteria as a biofuel
product ion platform 

The same engineering researcher was selected for a $750,000
DOE Early Career Research award for his exceptional work on
isotope separations. Research funded under this Early Career
award will focus on using defects in 2D nanomaterials to
enhance separation of isotopes and offer new and exciting
possibilities for breakthrough advances with potential
applications for health care, energy, electronic and catalytic
applications.

A team of Vanderbilt researchers in the Vanderbilt University
School of Engineering and College of Arts and Science,
supported by DOE Office of Science, has described a novel
method for rapidly characterizing the biological impact of
genetic editing on bacteria. The new approach enables
researchers to take the consequences of specific genetic edits
into account as they engineer the production of specific
chemicals from bacteria. Ultimately the goal of this work is to
discover the best way to genetically modify blue-green algae
called cyanobacteria to produce fatty acid molecules that are
used as a source of clean energy.  The research could lead to
much shorter timeframes for green fuel production, drug
discovery and the translation of research from the lab to the
public in a variety of disciplines. 

Producing green fuel, and more rapid
determination of the biological
consequences of gene editing
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A third-year graduate student studying nuclear environmental
engineering at Vanderbilt University was awarded a prize in the
Innovations in Nuclear Technology R&D Awards competition
sponsored by the U.S. Department of Energy’s Office of
Nuclear Fuel and Supply Chain. The student was part of a
team that explored case studies of former nuclear weapons
research and productions facilities at the Oak Ridge National
Laboratory and the Hanford Site, a former nuclear production
complex on the Columbia River in Washington state, as part of
the research performed by the multi-university Consortium for
Risk Evaluation with Stakeholder Participation group. Their
findings explore the changes in risk profiles of the facilities
studied during the extended period spent in DOE’s
Surveillance and Maintenance Program while awaiting full
decommissioning. The case studies provide examples of
challenges faced in communicating unexpected events or the
discovery of new risk-important information to stakeholders
such as federal and state regulators as well as the public.

CRESP is one of the nation’s leading independent,
interdisciplinary research groups focused on waste
management and environmental legacy from the production of
defense nuclear materials and nuclear energy. Vanderbilt
leads this multi-university consortium of engineers, scientists,
and legal and policy experts who have contributed over the
past 25 years to the progress being made in addressing the
nation’s largest environmental liability. With the support of
DOE, these nuclear waste experts leverage their knowledge to
help the U.S. find safe ways to effectively manage nuclear
waste from both defense nuclear materials production and
civilian nuclear power sources. Academic research through
CRESP educates undergraduate and graduate students and
postdoctoral scholars while carrying out foundational research
needed to improve the efficiency and effectiveness of the
cleanup program.

CRESP-affiliated environmental engineering
graduate student wins DOE nuclear
technology R&D award SkyNano LLC, a science-based technology company

focused on commercializing a free-market solution to
carbon pollution, was started by a graduate student and a
professor at Vanderbilt and is a recipient of funding from
the highly competitive Small Business Innovation
Research/Small Business Technology Transfer grant from
DOE. 

The SBIR/STTR program encourages domestic small
businesses to engage in federal research and development
with the potential for commercialization and enables small
businesses to explore their technological potential and
provide the incentive to profit from its commercialization.
This program is crucial to the innovation ecosystem at
Vanderbilt, especially as it relates to getting research and
development off the ground in the early stages of these
companies. In 2021, nine startups with roots at Vanderbilt
were awarded more than $4.5 million in SBIR/STTR grants
and matching funds from Launch Tennessee.

The Wond’ry, Vanderbilt’s Innovation Center, and the
Center for Technology Transfer and Commercialization at
Vanderbilt University contributed to the startups’ growth in
various capacities, from assisting with ideation and R&D to
facilitating invention disclosures and commercialization
services. Founders of these startups span Vanderbilt
faculty, alumni, staff and students.

According to Launch Tennessee, companies awarded their
SBIR/STTR matching funds have created more than 505
direct jobs and had an economic impact of $146,125,214 in
Tennessee—a return of $11.24 for every public dollar
invested into the program. 

DOE SBIR/STTR funding at Vanderbilt

DOE Advanced Research Projects Agency-Energy has
awarded $4.8 million for a collaboration between Vanderbilt
and colleagues at a partner university to develop a structured
microgrid platform with cyber-secure control algorithms. This
will enable effective management of renewable generation
while providing power to critical loads. Microgrids can isolate
when needed, such as during and after extreme weather
events, when the rest of the grid may be damaged, yet
continue to provide energy from local resources such as solar
PV, batteries or generators.

Software platform for secured microgrids
for renewables

Supported by DOE Office of Science, a Vanderbilt engineering
researcher is part of an international collaboration that has
demonstrated a new way to manipulate and measure subtle
atomic vibrations in nanomaterials. This breakthrough could
make it possible to develop customized functionalities to
improve on and build new technologies. Recent developments
in microscopy help make it possible to get direct signals from
phonons, namely vibrational modes, with high resolution in
both space and energy. Researchers can now measure distinct
vibrational modes at interfaces in multilayered structures,
defects, and other inhomogeneities. 

Breakthrough ushers in new class of
technology


