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Front cover image: Photo of a "SiC Crown" that forms during 
the growth process. It is the transition layer between the 
source material (bottom of crucible) and the single crystal 
SiC (top of crucible). As the growth continues, the crown will 
grow and then shrink as the SiC vapors move from bottom to 
top. This growth shown in this photo was stopped about one-
third of the way through, which is why the crown is so large. 
It is normally five times smaller, or even non-existent.
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LETTER FROM THE DIRECTOR

Global challenges a call to 
innovate, collaborate — and lead
Hello, friends: 

Welcome to another edition of the Energy Innovation 
newsletter. The past year has seen several shifts in 
the energy landscape in our country and beyond. Our 
researchers continue to make important discoveries 
that are shaping how we will meet the energy 
demand in our communities. How we might leverage 
energy for economic growth, national security, 
and environmental restoration—all hinge on work 
happening each day in the field, in laboratories, 
and in classrooms. At the EMS Energy Institute, we 
welcome the opportunity to work on this important 
challenge of providing affordable and reliable energy 
to populations around the world. To ensure our 
community remains a leader in innovation, we’re 
transforming facilities, introducing a strategic plan, 
and redoubling institute commitments to student 
achievement and to engagement across the sector. 

Critical minerals are key in our research portfolio—a 
cornerstone of advanced electronics, defense 
technology, and the clean-energy transition. In the 

Sanjay Srinivasan

Center for Critical Minerals, we’re refining a pilot-
scale operation that separates rare earth elements 
from mine runoff collected in Clearfield County, 
Pennsylvania. The groundbreaking facility showcasing 
our innovative technology is a prelude to what we 
expect will be larger field operations. It demonstrates 
how to recycle resources from an industrial past, 
support mineral needs, and build financial incentives 
for environmental clean-up, all simultaneously. 

Also in this issue of Energy Innovation, we’re happy 
to highlight progress in our Silicon Carbide Innovation 
Alliance. A joint endeavor with the Materials Research 
Institute at Penn State, this collaboration in crystal 
science operates in labs reimagined for a new 
generation of research. That alliance is a model for 
how the institute can form close collaborations with 
industrial entities that, in turn, can provide valuable 
resources that can be used to upgrade our facilities. 
We’re likewise expanding overall technical resources 
to make thorough analytical capabilities available to 
all our researchers, and, in the future, we would like 
to make those capabilities accessible to our external 
collaborators as well. 

The institute is a connecting point for undergraduate 
and graduate students, whose collaborations with 
researchers prepare them for rewarding careers. 
Taking part in experiences like CERAWeek, the top 
annual gathering in the energy sector, are pivotal. 
Nine Penn State students and a faculty member 
represented the institute as part of Innovators 
Row during CERAWeek for 2025, held in March in 
Houston. More than 10,000 people, including over 
1,600 C-suite executives, participated. Penn Staters 
at CERAWeek delivered insight in an enviable breadth 
of subject matter, from organic photovoltaic research 
and battery-materials production to subsurface 

CONTINUED ON PAGE 35
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Mining byproduct offers promise 
in push for critical minerals

On the eastern edge of the Penn 
State University Park campus, a 
noxious byproduct of mining in 
the twentieth century—acid mine 
drainage—is offering new promise 
in the twenty-first as a source of 
critical minerals including rare 
earth elements, aluminum, cobalt, 
manganese, nickel, and zinc. 

Researchers with the Center for 
Critical Minerals (C2M), housed in the 
EMS Energy Institute, have developed 
a patent-pending process to separate 
valuable minerals from the waste and 
other solutions. Using mine runoff 
trucked to campus from nearby 
Clearfield County, the team is turning 
environmental pollutants into a 
secondary source of critical minerals 
that can ease reliance on primary 
sources—like mines—and imports. 

Sarma V. Pisupati, director of the Center for Critical Minerals, explains 
outputs of a pilot-scale test facility on the University Park campus 
during a legislative visit in September 2025. CREDIT: DAVID KUBAREK

“In so many communities with 
retired coal, copper, and zinc mines, 
cleaning up contaminated runoff is 
already a pressing goal. It’s work 
that needs to happen, anyway,” says 
Sarma V. Pisupati, the C2M director. 
“Now that we can extract valuable 
minerals in the process, we can 
create additional value at the same 
time and help decrease the U.S.’ 
dependence on overseas sources.” 

C2M secured $2.1 million in federal 
funding to design, build, and test its 
pilot-scale research and development 
unit in minerals extraction. The 
federal government designates 
critical minerals

batteries, cell phones, medical 
devices, the power grid, and other 
advanced systems. 

 for their importance 
to the economy and national 
security, as they represent essential 
components for clean energy and 
military technology, electric vehicle 

To separate minerals from mine 
drainage, the pilot-scale unit employs 
a 4,000-gallon tank and a series 
of tanks, pumps, and filters. Each 
step of the process pulls another 
component from the liquid, using 
pH variations and ozone to create 
mineral precipitates and purify them 
to high levels of purity, around 90 
percent.  

By Pisupati’s rough calculation, one 
million gallons of drainage may yield 
about five pounds of precipitates, 
depending on mineral concentrations 
and environmental conditions. 

C2M’s industrial partners take the 
purified precipitates—solids culled 
from liquids—and improve their 
purity to nearly 100 percent. In the 
long term, the concept is for those 
high-purity precipitates to be used in 
a variety of crucial products. Coal-
mining states including Pennsylvania, 
West Virginia, Ohio, and Kentucky 
could benefit from the innovation, 
which should help incentivize 
environmental cleanup, Pisupati says.  

Acid mine drainage impairs more 
than 5,500 miles of streams in 
Pennsylvania alone, according to the 
state Department of Community and 
Economic Development. 

“Compared with conventional 
handling practices for acid mine 
drainage, this new approach 
creates treated water that’s 
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easier to dispose,” says Pisupati, 
who is a professor of energy and 
mineral engineering and chemical 
engineering. The post-treatment 
water is so clean—with no acidity—
that it could be discharged anywhere, 
from streams to storm drains, he 
explains. 

Minerals captured from the 
drainage could go into battery 
supply chains, contribute to alloy 
and magnet manufacturing for the 
defense industry, and be used in the 
aerospace industry, among other 
uses, says Mohammad Rezaee, 
associate professor in Penn State’s 
Department of Energy and Mineral 
Engineering. He helped develop the 
method in the pilot-scale operation. 

limited to coal and metal mine 
drainage but could be useful for 
separating minerals from oil- and 
gas-produced water, and leach 
solutions from processing primary 
and other secondary sources and 
recycled materials.” 

“Working with our industry partners, 
we know there’s tremendous 
opportunity to commercialize these 
advancements in industrial scale,” 
Rezaee says. “Our process isn’t 

At the pilot-scale level, the extraction 
method processes seven gallons 
per minute, says Larry Feinberg, 
a Boston-area entrepreneur and 
industry partner of C2M. Collaborative 
work should help amplify that rate by 
about twenty times, he says. 

“The idea is to have a dual revenue 
stream—from treating the water and 
from the minerals we capture,” says 
Feinberg, founder and CEO of Petric 
Co. 

streams including mine drainage, 
used electronics, and other refuse—
all known as secondary sources—
together could fulfill perhaps 30 
percent of the U.S. need for critical 
minerals, Pisupati and colleagues 
project. 

With a growing complement of 
collaborators, C2M is looking to 
expand from the pilot scale to larger-
scale field work in 2026. Waste 

Penn State is in a leadership 
position as federal authorities invest 
in developing critical minerals in 
the U.S., says Timothy White, a 
research professor in the University’s 
Department of Geosciences and the 
sustainability officer for the College 
of Earth and Mineral Sciences. He 
has recently investigated lithium in 
the Mercer geologic formation, long 
mined in central Pennsylvania for its 
coal and claystone deposits. 

“There’s every reason to believe we 
can develop the supply chain we 
need in North America,” White says. 
“We know how to do this right.” ■

FEATURE

Sarma V. Pisupati, director of the Center for Critical Minerals, speaks with Pennsylvania state Rep. Paul Takac during a 
legislative visit to a pilot-scale test facility on the University Park campus in September 2025. At left is Edgar Beltran, a 
Penn State undergraduate in energy engineering. CREDIT: DAVID KUBAREK
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Alliance positions Penn State  
as leader in silicon carbide

Nearly as hard as diamonds, silicon carbide (SiC) is 
core to many applications requiring high power and is 
foundational to the clean-energy transition. The compound 
of silicon and carbon rarely appears in nature, but its 
properties—including heat resistance, overall stability, 
and high-voltage operability—make it an essential 
semiconductor for electric vehicles, renewable-energy 
systems, and technologically advanced “smart” power 
grids. 

To help meet surging demand, the Arizona-based 
semiconductor manufacturer onsemi turned to researchers 
at the EMS Energy Institute. The global supplier needed its 
synthetic SiC supply to be defect-free, cost-efficient, and 
scalable.  

onsemi already knew Penn State had top expertise in 
materials. Its request: With the company’s backing, could 
the University develop tooling and facilities for a dominant 
research operation—a contemporary foundry—to cultivate 
and refine large SiC crystals? 

Joshua A. Robinson, professor in the Department of 
Materials Science and Engineering and an Energy Institute 
faculty affiliate, accepted the challenge as a landmark 
opportunity. In spring 2025, Penn State announced the 
Silicon Carbide Innovation Alliance (SCIA) at University Park 
as an industry- and government-supported hub to lead SiC 
crystal science, technology, and workforce development.  

Construction and tool installation began several months 
earlier, in October 2024. 

“SiC is the critical semiconductor for the energy transition. 
The U.S. Department of Energy has identified it as such,” 
says Robinson, the SCIA director and inaugural director 
of strategic research initiatives in the Penn State College 
of Earth and Mineral Sciences. “The modeling and 
engineering we do here, across disciplines, is going to 
enable better crystals all while improving the efficiently 
and sustainability of the process.” 

Since its July 2025 opening, researchers in SCIA’s pilot-
scale foundry have been firing up industrial-grade furnaces 
to about two thousand degrees Celsius, nearly half the 

temperature of the Sun’s surface. For 
up to ten days at a clip, they bake 
a refined, gravel-like SiC product 
that becomes a boule—a cylindrical, 
glass-like crystal grown from the 
sublimation process. 

From there, the team uses state-
of-the-art grinding processes to 
shape the boule into a puck, then 
slices the puck into thin, six-inch-
wide wafers that are washed and 
polished. As they refine production 
processes, researchers—including 
faculty and students—are exploring 
different source materials and other 
tweaks to improve crystal quality and 
manufacturing efficiency. 

Just cooling a new boule takes days. 
They typically weigh from three to ten 
pounds. 

Tekin Ozdemir, operations director at the Silicon Carbide Innovation 
Alliance and assistant research professor, holds boules produced in 
high-temperature furnaces. The boules are ready to be ground using the 
system behind him. CREDIT: DAVID KUBAREK
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“You cool it too quickly, and the whole thing cracks,” 
says Robinson—an expensive miscalculation as source 
material runs nearly $100 a pound. On the market now, a 
single wafer is worth around $1,500; a boule, upwards of 
$10,000. 

The two-week process from gravel to wafer requires ten 
to fifteen steps and more than a half-dozen tools in the 
high-end facility, which was built with some $6.5 million 
in government and University funding. Annual industry 
support eclipses $1.2 million, most of it from onsemi. 

Specific advancements now under development include 
an X-ray system to monitor boule growth inside the 
furnace. The technology, unique in the U.S., would help 
manufacturers identify and prevent problems quickly. 
Researchers are exploring, too, how to reduce energy use 
and environmental effects of production, prioritizing the 
reusability of key parts and less-impactful chemicals.  

Another goal: larger SiC wafers as manufacturers switch 
from a six-inch to an eight-inch standard diameter that 
better supports devices. 

“We can try approaches that industry wouldn’t be able to 
attempt,” Robinson explains. Commercial collaborators 
help to test the campus foundry’s innovations as the 
improvements take shape. 

SCIA follows national priorities under the federal CHIPS 
and Science Act

the U.S. semiconductor industry 
and reinforce manufacturing. The 
alliance likewise is instrumental to 
the 

, signed in August 2022 to revitalize 

Mid-Atlantic Semiconductors Hub, 
a coalition of top universities and 
industries founded by Penn State to 
buoy the industry. 

“The alliance builds on the University’s 
early SiC programs, which centered 
on military applications through the 
Applied Research Laboratory,” says 
Clive Randall, distinguished professor 
of materials science and engineering. 
He directs the Penn State Materials 
Research Institute, an SCIA partner. 

“We will learn by leading,” Randall 
says. “It’s the only way we continue to 
be a great university in the materials 

space—by taking risks, by doing, by hiring the right faculty 
who have a broad vision beyond their own laboratories. 
They carry through the societal aspect of what we’re 
doing.” 

Growing and safeguarding domestic SiC capacity are 
especially vital given intense global competition in 
the market, Randall explains. “If it’s all coming from 
somewhere else, you don’t control your own destiny.” 

He and Robinson describe open collaboration—across 
higher education, government, and industry—as the 
linchpin in the U.S.’ ability to compete. By late 2025, 
SCIA had assembled ten member institutions and was 
continuing to grow. Members range from onsemi itself, a 
naming partner in the operation, to the Air Force Office of 
Scientific Research, which funded initial infrastructure. 

Among the benefits of membership, participating 
organizations receive information on the alliance’s 
discoveries and progress. Higher-level members help 
determine SCIA’s research agenda and can even embed 
researchers within the alliance. Each institution commits to 
provide financial support.  

 “To have an international advantage, we need a higher 
level of science, and that’s why an open platform is the 
only way,” Randall says. “Opening the research approach 
makes it possible for a lot of depth in discovery.” ■

Evan Krohn, undergraduate research assistant majoring in materials 
science and engineering, right, shows the final step in the silicon carbide 
growth process – a wafer wash and spin. Joshua A. Robinson, director of 
the Silicon Carbide Innovation Alliance, looks on. CREDIT: DAVID KUBAREK
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Plastics, fossil-fuel infrastructure 
seeing prospects for new uses

FEATURE

Single-use plastics such as detergent and water bottles litter the beach at Kanapou Bay, on Kaho’olawe in Hawaii. 
The location is a hot spot for debris accumulation. An estimated 5.25 trillion pieces of plastic debris are in the world’s 
oceans. CREDIT: NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION’S MARINE DEBRIS PROGRAM

As technology helps enable 
transitions in the energy industry, the 
broad area of fossil fuels is rife with 
potential. 

In the EMS Energy Institute, research 
is targeting legacy products and 
infrastructure with new innovations. 
Separate projects led by professors 
Randy Vander Wal and Arash Dahi 
Taleghani signal the scope of the 
institute’s thorough approach to 
resource development. 

repurpose waste into a component 
for renewable energy and electric 
vehicles. 

In day-to-day consumer packaging, 
Randy Vander Wal sees a chance to 

“Our motivation is to solve these 
puzzles and create knowledge to 
society’s benefit,” says Vander Wal, 
a professor in Penn State’s John and 
Willie Leone Family Department of 
Energy and Mineral Engineering, and 
also a professor in materials science 
and engineering, and mechanical 
engineering.  

Puzzles shaping his research include 
some twenty million metric tons of 
discarded plastics

of plastics were being landfilled 
as of 2021, according to the 

 that become litter 
each year. About three-quarters 

U.S. 
Environmental Protection Agency.  

By introducing a small amount of 
graphene—a layer of carbon atoms—
or graphene oxide nanomaterials to 
plastic waste like grocery bags and 
yogurt containers, Vander Wal and 
colleagues have found, treatment 
processes can transform the material 
to high-quality graphite. Graphite, 
classified as a critical mineral, is 
essential in lithium-ion batteries 
used for electric vehicles and 
renewable-energy systems. It’s also 
important in aluminum refining, steel 

https://www.energy.psu.edu/
https://www.eme.psu.edu/directory/randy-l-vander-wal
https://www.eme.psu.edu/directory/arash-dahi-taleghani
https://www.eme.psu.edu/directory/arash-dahi-taleghani
https://www.usgs.gov/centers/national-minerals-information-center/graphite-statistics-and-information
https://www.eme.psu.edu/
https://iucn.org/resources/issues-brief/plastic-pollution
https://www.nist.gov/el/applied-economics-office/manufacturing/circular-economy/plastic-recycling
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manufacturing, and other industrial 
practices. 

Because high-quality graphite has 
more value compared to conventional 
recycling, novel treatment processes 
amount to “upcycling,” according 
to Vander Wal, an Energy Institute 
affiliate. “If there’s enough available 
plastic in the world—tens of millions 
of tons—it would fulfill all graphite 
needs.” 

The upcycling approach would 
strengthen incentives for industry to 
reuse the petroleum-based resource, 
Vander Wal says. As of 2018, plastics 
and petrochemical production made 
up about 14 percent of oil demand 
and 8 percent of natural gas demand, 
according to the International Energy 
Agency.  

Manufacturing graphite from plastics 
would ease the need for imports of 
the resource as demand soars. Most 
of the U.S. supply comes from China; 
there are no domestic graphite 
mines, Vander Wal notes. 

Supported by the U.S. National 
Science Foundation, the plastics-
reuse work is moving through a 
proof-of-concept stage. Elsewhere 
in his research, Vander Wal is 
investigating biopolymers—large-
molecule materials made by 
organisms, such as lignin and 
cellulose from plants—through a seed 
grant from the Materials Research 
Institute at Penn State. Like plastics, 
biopolymers represent a potential 
resource for large-scale production of 
high-quality graphite. 

processes and conditions by which 
we can approach a scale-up and 
pilot-scale studies.” 

“Most of our work has been 
motivated by sustainability and a 
need for high-quality carbon, and 
other forms of carbon, for a range 
of purposes,” Vander Wal says. 
“With research contributions from 
graduate students, we have identified 

Vander Wal is delving, too, into 
the decarbonization of natural 
gas—through a process known as 
thermocatalytic decomposition—to 
create varied forms of carbon for 
use as conductive additives, energy-
storage media, and high-surface-area 
absorbents. The decomposition 
process yields clean hydrogen and 
could promote its wider adoption as 
an energy source, he says. 

In leftover mines and abandoned gas 
and oil wells, Arash Dahi Taleghani 
sees prospects for clean energy 
production and storage. 

Dahi Taleghani, a faculty affiliate of 
the Energy Institute, is in petroleum 
engineering in the John and Willie 
Leone Family Department of Energy 
and Mineral Engineering. As director 
of the Repurposing Center for Energy 
Transition (ReCET), he oversees 
studies of existing fossil-fuel 
infrastructure for new purposes. 

“Across Pennsylvania and Appalachia, 
there are dozens of communities, 
townships, and counties with mines 
and gas and oil wells that are retired, 
decommissioned, or close to it,” Dahi 
Taleghani says. “As many places are 
looking to seal off these facilities 
without any future benefit, we’re 
looking to give them another life, 
create revenue, and help sustain 
these especially energy-dependent 
communities.” 

Pennsylvania alone may have as 
many as 750,000 abandoned oil and 
gas wells, according to the Kleinman 
Center for Energy Policy, and its 
abandoned coal mine lands amount 
to some 250,000 acres.  

In these spaces, ReCET collaborators 
are looking to facilitate uses such as 
geothermal energy production, water 
and hydrogen storage, and carbon-
dioxide sequestration. Among early 
prospects over the center’s first five 
years, participating faculty have been 
investigating solar-energy generation 
and storage in the northeastern 
U.S., including Pennsylvania; the
transformation of shallow wells into
tunnels; and the placement of a data
center in a former mine pit.

“We’re talking about towns, 
communities, and incomes that have 
been developed around energy 
infrastructure for decades, for 
generations. The social infrastructure 
has depended on it,” Dahi Taleghani 
says. “When that landscape flattens, 
what do you do next?” 

In a recent study, Dahi Taleghani 
and Energy Institute colleagues 
developed a roadmap for leveraging 
slags—byproducts from the smelting 
process—as a foundation for 
technologies in thermal energy 
storage. Steel slags in particular may 
be useful for concentrated solar-
power systems, the researchers 
wrote in a forthcoming paper. 

Another paper, published in 
December 2025 in the journal 
Joule, offers recommendations for 
leveraging brines from geothermal 
environments as a source of critical 
minerals. Artificial intelligence 
could help refine recovery of those 
resources, Dahi Taleghani and his 
coauthors said. 

“The next chapter won’t look like 
the past,” he says. “But through 
collaboration, we can chart a future 
that supports both these places 
and society’s shifting needs and 
expectations for energy.” ■

FEATURE

https://iea.blob.core.windows.net/assets/bee4ef3a-8876-4566-98cf-7a130c013805/The_Future_of_Petrochemicals.pdf
https://recet.psu.edu/
https://kleinmanenergy.upenn.edu/commentary/blog/a-permanence-agenda-for-abandoned-oil-and-gas-wells-in-pa-and-beyond/#:~:text=There%20are%20millions%20of%20abandoned,plug%20some%20of%20those%20wells.
https://recet.psu.edu/research/
https://www.sciencedirect.com/science/article/abs/pii/S2542435125003526?via%3Dihub
Jeralyn Brewer
Cross-Out



10 Energy Innovation

CO₂-SMART unites researchers 
around carbon dioxide storage

Positioned to foster industrial decarbonization at scale, 
a new center funded by the U.S. National Science 
Foundation is developing practical strategies for 
underground carbon dioxide storage. 

The Center for CO2 Storage Modeling, Analytics, and Risk 
Reduction Technologies (CO2-SMART) marks a partnership 
between the Penn State College of Earth and Mineral 
Sciences (EMS) and the Viterbi School of Engineering 
at University of Southern California. First announced in 
2024, the interdisciplinary effort now includes Penn State 
research contributors in EMS, the College of Engineering, 
and Penn State Dickinson Law.  

Their objective is a cooperative research program among 
university partners guided by experts from government, 
industry, national laboratories, and foundations.  

“Carbon research has always been in our research 
footprint at Penn State,” says Sanjay Srinivasan, 
director of the Penn State EMS Energy Institute and 
the John and Willie Leone Family Chair in Energy and 
Mineral Engineering. “Our rich research legacy in the 
transformation of carbon, our expansive capacity in 
geosciences and subsurface engineering, and our 
expertise working on industry-relevant problems make 
Penn State a natural fit to collaborate with USC.” 

Led at USC by Behnam Jafarpour, professor of chemical 
engineering and material science, and at Penn State 
by Srinivasan, CO2-SMART targets capturing industrial 
CO2 emissions before they reach the atmosphere. 
Sequestering significant quantities in geologic formations 
would diminish a major contributor to climate change, 
researchers say. 

Captured at power plants and other industrial facilities, 
the gas can be injected into naturally sealed underground 
geologic formations like deep saline aquifers. These 
formations are typically more than a kilometer beneath the 
surface—naturally safeguarding the storage of the gas. 

and operations. Further, commercial interests need to 
follow regulatory frameworks and make sure workers are 
trained for the job. 

But implementing the concept at commercial scale is 
layered. It requires addressing a variety of scientific and 
financial challenges, such as CO2’s complex interactions 
with underground rock and the economics of field work 

CO2-SMART is developing the approach’s viability with 
close relationships among principal stakeholders—
including CO2 emitters, injection-site operators, service 
companies, and regulators—as well as research scientists. 
The long-term mission is to advance science and 
technology for storage that’s both safe and cost-effective. 

Penn State’s experience in applying scientific discovery 
for practical uses helped secure its role in the center, 
Srinivasan says. So did its record in seismic exploration 
and modeling, applied policy, and resource economics. 

“We are redeploying subsurface expertise for new 
purposes in a new era,” Srinivasan says. “As fossil fuels 
continue to play a vital part amid the transition to more 
varied energy sources, many scientists agree carbon 
sequestration is a must to support the shift.  

“The carbon has to be disposed—and Penn State is among 
the institutions most qualified to develop those pathways,” 
he adds. “It’s a natural extension of work we’ve been 
doing for decades.” 

Innovations necessary for carbon sequestration include 
mechanisms to characterize injection sites accurately, 
monitor displacement of injected CO2, and manage 
reservoir pressure, the researchers note.  

CO2-SMART lined up industry collaborators during its first 
year and is seeking more, says Anne Menefee, assistant 
professor in the John and Willie Leone Family Department 
of Energy and Mineral Engineering (EME) at Penn State and 
a contributor to the project. As an engineer, she explains 
the effort merges fundamental science with the nuances of 
policy and law. 

“If you ignore technical constraints, then you’re designing 
policy that won’t be successful or sustainable in the long 
run,” says Menefee, who is also a faculty affiliate with 
the EMS Energy Institute. She is part of work to reduce 
risks and evaluate impacts of carbon-sequestration 
technologies. 
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Another need is a clearer legal landscape around liability 
and regulation, Menefee says. CO2-SMART collaborators 
including Seth Blumsack, professor in EME, and Hannah 
Wiseman, professor of law with dual appointments in 
EMS and Penn State Dickinson Law, bring backgrounds in 
legal precedent and boundaries of government authority. 
They co-direct the Center for Energy Law and Policy at the 
University. 

Blumsack also helps represent Penn State in SPARK 2050, 
a series of Pennsylvania summits that convene multi-
stakeholder discussions on the commonwealth’s policies 
and direction in energy. 

“It’s very important that we be present and have a 
leadership role in these types of initiatives,” Blumsack says 
of Penn State. “We’re a land-grant institution. We’re a pan-
Pennsylvania institution. In a space where decision-makers 
are bombarded with messages from specific interests, we 
can be a neutral convener, provide a broad perspective, 
and demonstrate thought leadership.” 

Tieyuan Zhu, associate professor in the Penn State 
Department of Geosciences, is another CO2-SMART 
contributor. As a geophysicist, he provides technical 
expertise in imaging near-surface geological structures 
and sequestered CO2.  

Zhu has been researching CO2 storage for more than a 
decade, he says. His focus: making sure storage is safe 
for the long term and with minimal leakage. His emphasis 
includes efficient monitoring that isn’t cost-prohibitive for 
industry.  

“Through CO2-SMART, we can establish open dialogue 
with industry partners to support immersive research that 
creates practical solutions and expands collaboration,” Zhu 
says. 

Activities focused on reducing greenhouse gases in the 
atmosphere take varied forms across the Energy Institute. 
Tushar Mittal, an institute affiliate and assistant professor 
in the Department of Geosciences, is studying carbon 
sequestration through the use of basalt. The volcanic 
rock, when crushed into dust, can absorb CO2 from the 
atmosphere, while its natural formations in the ground can 
be a host for injected CO2. 

“Basalt in particular has minerals that can react faster 
with carbon and sequester more carbon per ton than 
some other rock types,” Mittal says. “Plus, basalt is fairly 
prevalent globally and does not have harmful effects 
when spread on farmland in simultaneous agricultural 
applications. It hits a bull’s eye.” 

Mittal has collaborated with a company—Mati Carbon—to 
study basalt applications in the Global South and explores 
how to identify and characterize different types of basalt 
for specific uses, including under varied geological and 
climate conditions. In 2025, Mati Carbon won a $50 million 
grand prize from the XPRIZE Foundation for its work in 
carbon removal. 

“I delve into both fundamental science and models for 
practical applications that are economically viable,” Mittal 
explains. “Lots of places might have basalt and farm fields, 
but not every place is going to see the same level of 
benefit; it depends on underlying geology, precipitation, 
climate, and other factors.” 

A cross-sector sensibility is core to CO2-SMART. By late 
2025, the effort counted participating organizations that 
span the energy and utility sectors and governmental 
agencies, and had several projects planned. Organizers 
were arranging a CO2-SMART workshop for summer 2026 
at Penn State. 

“From a Penn State and an Energy Institute perspective, 
it makes perfect sense for us to do this work,” Srinivasan 
says. “The institute routinely represents expertise from 
across the college. Carbon sequestration calls on us for an 
all-hands push.” ■

Plant Bowen in Bartow County, Georgia, owned 
by Georgia Power Company, is among the largest 
coal-fired power plants in the United States. 
Captured at power plants at other industrial 
facilities, carbon dioxide can be injected into 
naturally sealed underground geologic formations.
 CREDIT: ALAN M. CRESSLER, U.S. GEOLOGICAL SURVEY
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Energy systems targeted for better 
outcomes, public awareness

Mostly invisible in daily life, regional 
transmission organizations (RTOs) 
form the logistical backbone of 
electricity delivery. These public-
benefit corporations manage bulk-
power transmission systems that 
handle some two-thirds of national 
electricity demand—a quiet pillar of 
keeping the lights on for about half 
the U.S. states. 

Industrial energy infrastructure also 
operates as a relative unknown 
to many people—vast networks 
of production, pumps, and pipes 
running in the background. 

To strengthen understanding of 
these apparatus, two faculty affiliates 
of the EMS Energy Institute are 
leading detailed studies of their 
operations. While the efforts are 
separate, researchers Seth Blumsack 
and Jennifer Baka both prioritize 
knowledge and outcomes of energy 
systems in the public’s midst. 

“The decision-making at RTOs has 
a direct impact on how the power 
grid works, its reliability, how much 
it costs, how green it is,” says 
Blumsack, professor in the Penn State 
Department of Energy and Mineral 
Engineering and co-director of the 
Center for Energy Law and Policy. 

“By understanding how these 
organizations make decisions—
and how different sets of market 
actors, regulators, and stakeholders 
influence those decisions—we can 
improve public awareness of the 
grid’s governance,” he says. 

That wider insight, in time, could 
bolster the overall power distribution 
system through governance reforms, 
Blumsack says. He has explored 
electricity transmission governance 
for about a decade, working 
with peers across universities to 
understand the impact of federal 
regulations and other influences as 
the power market evolves. 

Blumsack’s interests include the 
variable performance of RTOs in 
moving electricity across the multi-
state areas they serve. The nonprofit 
entities’ duties include operating 
wholesale markets and transmission 
systems while developing “innovative 
procedures to manage transmission 
equitably,” as the Federal Energy 
Regulatory Commission explains 
them. Pennsylvania is part of 
the territory under the PJM 
Interconnection RTO, which dates to 
1927. 

Among his current research, 
Blumsack is helping lead a multi-
institution study sponsored by the 
U.S. National Science Foundation 
(NSF) that targets the political 
dynamics of RTO decision-making. 
The work blends qualitative methods 
involving organizational behavior, 
methods from political economy, and 
social-network analysis, exploring the 
relative difficulty of different decision 
types as technology and regulations 
change. 

At a 2024 summit of the Electric 
Power Supply Association, electricity 
system leaders cautioned that 
conventional markets aren’t ample 

to manage the emerging volume 
of changes in supply and demand. 
Beyond the growth in low-carbon and 
renewable resources, power grids 
are seeing more consumption by 
new data centers, many supporting 
artificial intelligence; extreme 
events and natural hazards linked 
to climate change; and shifting 
legislative and political strategies 
around infrastructure resilience and 
decarbonization. 

Uncertainty about the future scope 
of data centers is particularly fraught. 
Too much capacity in electricity 
infrastructure could lead to an 
expensive glut of supply, but too little 
could lead to reliability problems. 

Against that backdrop, decisions 
made by RTOs are especially 
consequential, demanding up-to-date 
and comprehensive input, Blumsack 
says. 

“Every time you think you understand 
the world, the world changes. It 
presents this thorny risk-management 
problem that is front and center for 
transmission governance,” he warns. 

Blumsack’s research also focuses 
on risk analysis for power grids, with 
an emphasis on natural hazards 
such as wildfires, hurricanes, and ice 
storms. He collaborates often with 
Mort Webster, a professor of energy 
engineering in the Department of 
Energy and Mineral Engineering 
and an EMS Energy Institute faculty 
affiliate. Webster’s work includes 
developing algorithms that aid 
power-transmission planning amid 
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uncertainty—work supported by the 
NSF. 

Among others examining power 
infrastructure, Chiara Lo Prete, 
an institute faculty associate and 
associate professor of energy 
economics, contributed to a recent 
study of 11 electricity market design 
proposals under consideration by 
grid operators. Lo Prete says high-
profile power failures illustrate 
challenges from a lack of available 
capacity to provide sufficient energy 
in times of need. 

Elsewhere, Baka, an energy 
geographer, is leveraging her 
research to help build an emerging 
area of study: political-industrial 
ecology (PIE).  

Researchers in the field investigate 
justice- and equity-guided methods 
for “altering, reducing, and 
transforming industrial society,” 
Baka explains on the website of her 
recently launched Political-Industrial 
Ecology Initiative at Penn State. She 
says medical ailments, social impacts, 
and environmental effects should 
be part of holistic assessments of 
industrial systems. 

“When you embed that analysis into 
cost-benefit analyses, regulation, 
and collective decision-making, you 
get a better sense of total costs and 
benefits and their distribution across 
society,” Baka says. “And then you 
really think about how to change that 
distribution so it’s more equitable.” 

Under the PIE approach, 
policymakers and planners evaluate 
energy infrastructure—such as new 
production plants—not as standalone 
entities but as parts of broader 
systems that include raw-materials 
extraction and distribution. Fuller 
accounting promotes truer analyses 
as energy markets expand production 
options, says Baka, an associate 
professor in the Department of 
Geography. 

“I’m talking with communities to 
understand their needs—what’s 
happening to them and what we 
can do to improve their livelihoods,” 
she adds. “I see that as part of Penn 
State’s mandate as a land-grant 
institution. I want my outputs and 
my research to be co-produced with 
community groups.” ■

Energy geographer Jennifer Baka has focused on Shell Polymers Monaca, a petrochemical plant along the Ohio 
River in Beaver County, Pennsylvania, as part of her research in political-industrial ecology. CREDIT: JENNIFER BAKA
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An analysis from the International Energy Agency (IEA) last 
November was clear. 

Global demand for electricity will surge faster than overall 
energy growth in the decades ahead, “underscoring the 
need for diversified energy sources,” as the Associated 
Press reported on IEA findings. 

The news-making forecast speaks to a central idea at the 
EMS Energy Institute: Powering the future demands an 
all-hands approach–that is, investment, collaboration, and 
innovation across a spectrum. 

“Our strength is in how we bring together and empower 
the experts–and future experts–who will help determine 
how communities meet their energy needs,” says Sanjay 
Srinivasan, the institute director since June 2023. 
“Our distinction is our breadth we’re in nearly every 
segment of energy research, which means we can drive 
comprehensive strategies.” 

Operating in the College of Earth and Mineral Sciences 
(EMS), the Energy Institute is reinforcing its place as a 

collaborative, cross-disciplinary hub that reaches across 
the University. A cross-section of initiatives featured in 
this issue of Energy Innovation captures that scope, from 
critical minerals and silicon carbide to carbon dioxide 
storage and political-industrial ecology, an emerging field. 

All this work—and much more—will see reinforcement 
under the institute’s new strategic plan, designed to guide 
the research community through 2030. In development for 
several years, the core document is nearing completion 
after extensive internal and external review and 
consultation. It includes mechanisms for flexibility, with 
annual assessments to evaluate the institute’s progress 
and inform adjustments along the way. 

In line with input from faculty, alumni, and supporters, the 
plan prioritizes close collaborations with industry partners 
to identify real-world energy challenges and constraints. 
Answering those challenges means introducing 
students–then next-generation workforce–into research 
partnerships that bridge the academy, industry, and other 
research organizations. And it centers both fundamental 
and applied research, supporting diverse forms of energy, 
materials development for energy use, and advanced 
energy systems. 

Also central to the strategic plan is helping to reduce the 
energy sector’s environmental footprint through effective 
carbon management. Socioeconomic and environmental 
aspects of energy transformation represent one of four 
thematic areas under the plan. The others incorporate 
materials and minerals, science and engineering, and 
computational science and artificial intelligence.  

“Formalizing these pillars promotes more collaboration 
within each area and helps us structure conversations 
across the institute,” Srinivasan says. “Improved 
organization and communication encourage major 
breakthroughs in our own research community and across 
the University system.  

“We can better build on our overlap with several other 
Penn State institutes, including those doing related work in 

All-hands sensibility underpins 
Energy Institute approach

Sanjay Srinivisan
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the environment, materials, data sciences, and integrated 
energy systems,” he adds. 

Relationships are a historic cornerstone for the institute, 
whose origins date to the late 1940s. Its earliest 
forerunner, the Combustion Laboratory in EMS, launched 
with backing from coal industry groups and cooperation 
from the Pennsylvania Department of Mines. 

Today, the institute’s embedded ties set a foundation for 
practical innovations that transition from the research 
lab to pilot-scale testing and broader application. Big-
picture goals for the institute include large-scale research 
proposals to advance regional initiatives, more research 
events highlighting key opportunities and disciplinary 
strengths, and wider partnerships across public and 
private entities.  

Strategic planning also underscores the need for 
high-quality research facilities—with an emphasis on 
safety—across the institute. Under the plan, the institute 
will continue prioritizing updated lab spaces and make 
technical support available to researchers, helping them 
seed research. 

“We’ve made tremendous progress already in advancing 
our facilities, thanks in large part to millions of dollars in 
generous support from external partners,” Srinivasan says. 
“These spaces are accelerating advancements, giving our 
researchers the tools to test their ideas, create knowledge, 
and generate new paths. 

“We’re building solutions in every way we can.” ■

Researchers with the Silicon Carbide Innovation Alliance—which is supported by the EMS Energy Institute—show off a 
completed silicon carbide (SiC) boule, left, and a “crown” formed on the source silicon carbide. The alliance is the only SiC 
crystal manufacturing center in the U.S. SiC is a critical semiconductor in a variety of technology, including electric vehicles.
 CREDIT: DAVID KUBAREK
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Better longevity, durability sought 
for next-generation solar cells

Even as solar power takes off—
accounting for most new capacity 
added to U.S. electric grids in 2024—
Nutifafa Doumon sees still more 
potential. 

Most solar energy conversion 
depends on silicon solar panels, a 
mid-1950s technology. Silicon—an 
inorganic semiconductor, made 
without carbon—isn’t toxic, but 
manufacturing silicon solar panels 
comes at an environmental cost. The 
production of silicon solar panels is 
an energy-intensive process, requires 
the use of many chemicals, and 
faces recycling challenges later on. 
Other solar panels made from gallium 
arsenide and cadmium telluride 
include hazardous materials.  

Doumon, assistant professor in 
the Penn State Department of 
Materials Science and Engineering 
and a faculty affiliate of EMS Energy 
Institute, is researching another 
solution: organic photovoltaics, or 
organic solar cells. They can be made 
from inks with safe solvents, earth-
friendlier additives, and carbon-based 
materials, such as semiconducting 
polymers. These newer technologies 
promise lightweight, mechanical 
flexibility and sustainable innovations 
in solar energy conversion. 

The challenge for researchers, 
Doumon says, is to make organic 
solar cells a bit more competitive 
by improving their longevity and 
effectiveness in capturing the Sun’s 
energy. Silicon cells can last as 
many as twenty years, but current 

organic solar cells often only last 
months or a few years, due to quicker 
degradation. 

“We want to understand why organic 
photovoltaics perform less well in 
terms of lifetime,” Doumon explains. 
“We want to improve stability and 
reliability. This is largely a materials 
question: What are the materials that 
unlock that potential, where do we 
find them, and how do we improve or 
learn from them?” 

The matter is a focus of Doumon’s 
lab: Sustainable Energy, Materials, 
and Device Engineering , or 
SEMDE. Based at University 
Park, the group of about a dozen 
researchers—including graduate and 
undergraduate students—is pursuing 
the development of both organic 
and hybrid semiconductor materials 
to strengthen sources of renewable 
energy. 

Doumon Lab researchers do this, 
in part, by adding to fundamental 
scientific knowledge about the 
materials themselves; how they work; 
and how they might be applied at 
large scale, beyond the laboratory 
level. The group takes a holistic 
approach, exploring implications 
of individual raw materials, their 
sourcing, and their environmental 
and economic viability as part of the 
energy transition. 

Understanding the work begins with 
the basics of solar energy. Used 
largely outdoors, solar cells comprise 
layers of different materials—and 
electrodes—that help absorb energy 
and transfer it as electricity. Much of 

the Doumon Lab’s emphasis involves 
a new generation of materials that 
Doumon describes as similar to 
perovskites, a high-efficiency and 
flexible semiconductor alternative to 
silicon. 

Challenges include manufacturing 
these materials at scale and 
improving their durability. Doumon 
also sees promise in harnessing 
ambient light indoors: A small-
scale form of energy recycling that 
captures light from interior fixtures 
and turns it back into electricity used 
on the spot. 

“The idea is that we could power 
a lot of smaller gadgets, like our 
watches, health-monitoring devices, 
and other internet-connected 
electronics, through advanced, small 
solar cells in our home and work 
environments,” Doumon explains.  

Organics and perovskite-like 
materials in particular hold potential 
for those applications—an area under 
co-exploration by faculty member Ivy 
Asuo, assistant professor of materials 
science and engineering.  

In other areas, the group is 
investigating what Doumon describes 
as semi-transparent applications 
of solar cells integrated into 
agriculture—known as agrivoltaics—
and into building features like 
windows and window shades.  

“If you can make solar cells with 
different colors appealing to the eye, 
and with the right materials, you 
can incorporate energy conversion 
on site,” he says. “Our end goal is 
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always to see new technologies 
deployed in society.” 

A recent paper led by Doumon and 
Souk Yoon (John) Kim, a doctoral 
candidate and Doumon Lab member, 
earned publication in the prestigious 
“2025 Rising Stars in Materials 
Science” issue of the journal ACS 
Materials Au. The paper’s focus, the 
additive 9,10-phenanthrenequinone 
(PQ), offers environmentally friendly 
possibilities for stabilizing and 
improving the efficiency of organic 
solar cells at low cost, Kim says.  

“Stability remains the barrier to 
real-world deployment of organic 
solar cells,” he says. “Even moderate 
stability improvements greatly reduce 
replacement frequency, waste, and 
operational cost.” 

Nelson Dzade, another faculty 
affiliate of the Energy Institute, leads 
the Materials and Minerals Theory 
Group (MMT). His group develops 
and applies advanced theoretical 
methods and machine-learning 
approaches to predict structure-
property-performance relationships 
of solid-state materials, harnessing 
those discoveries to improve solar 
cells, high-capacity batteries, critical-
minerals processes, and more. 

“Advanced materials share a 
common characteristic: They are 

complex, Dzade says. “Achieving 
the required performance gains 
demands exploiting the many 
degrees of freedom of materials 
development, including multiple 
chemical components, nanoscale 
architectures, and tailored electronic 
structures.” 

MMT’s approaches in predictive 
multiscale modeling and simulations 
can temper costs and development 
times, Dzade says, “transforming our 
ability to design new materials and 
chemical processes.” 

With a recent Early Career Research 
Award from the U.S. Department of 
Energy, Dzade’s group is developing 
and implementing a multiscale 
modeling environment that integrates 
advanced computational approaches 
with experiments. The goal is a 
comprehensive, microscopic picture 
of interfacial phenomena happening 
within solar cell materials and 
devices. 

In research published in the journal 
Nature Energy, Dzade’s group 
collaborated with international team 
of scientists to develop a more 
durable type of perovskite solar cells. 
They achieve a high efficiency of 
21.59 percent conversion of sunlight 
to electricity—a breakthrough in the 
field.  

In other research published in 
the journal Physical Chemistry 
Chemical Physics’ 2025 “Emerging 
Investigators” collection, Dzade and 
doctoral student Henry Eya worked 
with the semiconductor chalcogenide 
perovskite to optimize photovoltaic 
applications. 

The material “represents a novel 
class of emerging semiconductors 
with an Earth-abundant and nontoxic 
composition and excellent stability for 
photovoltaics,” Eya says. 

A co-director of the Penn State 
Alliance for Education, Science, 
Engineering, and Design with Africa, 
Dzade is an assistant professor and 
chair of the Undergraduate Energy 
Engineering Program in the John and 
Willie Leone Family Department of 
Energy and Mineral Engineering. In 
2025, he participated in the African 
School on Electronic Structure 
Methods and Applications, held at the 
University of Ghana. 

“Materials science and mineral 
resources development are critical 
for Africa’s development,” Dzade 
says. “Research capacity-building in 
computational materials and minerals 
science holds significant promise 
for economic growth, technological 
innovation, and environmental 
sustainability.” ■

Nutifafa Doumon, assistant professor in the Penn State Department of Materials Science and Engineering, in the lab 
with doctoral candidate Souk Yoon (John) Kim, a member of the Doumon Lab.   CREDIT: CYRIL KUMACHANG
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As plastics demand soars, faculty 
research promises lighter impacts

As staples of modern life, plastics count few peers in sheer 
use. Manufacturers have produced more than 8.3 billion 
metric tons since the early 1950s. And if consumption 
patterns hold, annual plastics consumption is likely to 
jump from 516 million metric tons globally in 2025 to more 
than 1.2 billion metric tons in 2060, according to the World 
Health Organization. 

Against this backdrop, work by faculty affiliates in the 
EMS Energy Institute promises to ease the impact of 
international appetites for plastics. Waste from the 
petroleum-based materials tends to enter landfills, while 
their production draws on an extensive supply chain with 
effects across communities. 

Jennifer Baka, associate professor in the Penn State 
Department of Geography, is evaluating the supply chain 
through a project centered on Shell Polymers Monaca, 
a $14 billion petrochemical complex in Beaver County, 
Pennsylvania. At the same time, Randy Vander Wal, 
professor in the John and Willie Leone Family Department 
of Energy and Mineral Engineering, is innovating the 
conversion of waste plastics into 
synthetic graphites—a form of carbon 
that’s important for energy storage. 

In her work, Baka looks at the 
social and environmental effects of 
industry through a historical lens. 
With the United States attempting 
to reindustrialize, the country needs 
methods and processes to limit 
the tolls seen in earlier extractive 
practices, she says. Her own family—
she is a granddaughter of coal miners 
in northeastern Pennsylvania—faced 
the environmental and health risks 
associated with mining. 

“We need to be cognizant of past 
consequences so that we don’t repeat 
the past, as in the examples of the coal 

and steel industries,” says Baka, an energy geographer. 
“We can change these historic patterns for people who 
live in close proximity to industry and have borne the 
consequences. We can chart a new course.” 

To help establish that path, Baka has undertaken a 
five-year project—now in its fourth year—funded by 
a National Science Foundation Faculty Early Career 
Development Program Award. The effort examines how 
the Shell complex affects residents' relationships with the 
environment and with environmental policy. 

The facility, known as a cracker plant, transforms 
ethane—a chemical byproduct of shale gas development—
into components used to make plastics. Current regulatory 
structures treat the plant, and each pipeline feeding it, as a 
separate component.  

Baka’s approach evaluates the plant, the pipelines, and 
other supply components as a single, unified system. Her 
goal is a more thorough understanding of environmental 
impacts and influences on policymaking. That knowledge 

Jennifer Baka
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can provide regulators and industry 
operators with more comprehensive 
insight to shape decisions, prevent 
environmental burdens, and ease 
effects, she says. 

“We’ve been interviewing community 
members in Beaver County to identify 
tools and resources that would be 
helpful to them,” Baka says, noting a 
digital mapping tool that makes her 
research data publicly accessible. 
“Communities both welcome the 
economic benefits of energy and have 
questions about—for instance—water 
usage, the availability of water in their 
area, and the quality of that water 
amid industrial development.” 

Assembling such insights for public 
and policymaking use, Baka says, is a 
key part of an emerging field known as political-industrial 
ecology (PIE). Researchers in the field explore justice- 
and equity-guided methods for “altering, reducing, and 
transforming industrial society,” as she puts it on the PIE 
Initiative website.  

She recently launched the initiative, among the newest 
programs organized under the Earth and Environmental 
Systems Institute at Penn State. In 2025, Baka published 
a paper on her Beaver County work in the Annals of the 
American Association of Geographers. 

Meanwhile, Vander Wal’s research presents new 
possibilities for discarded packaging and food-service 
plastics—products that typically see just one use, or single-
use plastics. At roughly 150 million tons a year, single-use 
plastics represent about half the total plastic produced 
globally, as Vander Wal and his colleagues noted in a 
2024 paper in the journal ACS Sustainable Chemistry & 
Engineering.  

Americans alone annually use about 100 pounds of 
packaging and food-service plastics per person—including 
those in bags, films, yogurt containers, and bottle caps. 
Since most of that is never recycled, the waste stream 
represents a near-inexhaustible source of potential raw 
material for widely needed graphite, Vander Wal says. 

“Even when they are set aside for recycling, these plastics 
face an uphill battle in the recycling world. They’re 
very hard to recycle,” explains Vander Wal, who is also 
a professor of materials science and engineering and 
mechanical engineering. “They have to be collected and 
separated, and then resellers—when they can resell the 
material—try to get just pennies on every dollar of the 
material’s original value.” 

The method under development by Vander Wal and his 
group would create much greater value for thrown-out 
single-use plastics—and incentives for their reuse—
through what they describe as “upcycling.” Introducing 
a small amount of graphene or graphene oxide as a 
templating agent in pyrolysis—or thermal decomposition—
helps the plastics turn into high-quality synthetic graphite 
that can reduce dependence on mined graphite.  

Graphite is instrumental in energy storage not only 
in the grid system but also in batteries and electric 
vehicles, among other growing uses. Now performed at 
the laboratory scale, the upcycling research can, with 
additional support, enter a scaling-up phase that would 
follow the Energy Institute’s long history of intermediate 
prototyping and pilot-scale studies, Vander Wal says. 

“This knowledge creation is motivated by sustainability,” 
he adds, “and by the enormous need for carbon in high-
quality and other forms.” ■

Randy Vander Wal
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Studies targeting emissions 
insight and tighter wells

As part of its comprehensive 
approach, the EMS Energy Institute 
supports new efficiencies and 
discoveries in fossil fuels. The 
International Energy Agency (IEA) 
expects demand for oil, coal, and 
natural gas will peak by 2030, but 
their use is likely to continue for 
decades more. 

To help minimize environmental 
impacts, two faculty affiliates of 
the institute—Kenneth J. Davis, 
professor of atmospheric and climate 
science, and Arash Dahi Taleghani, 
professor of petroleum engineering—
are pursuing new insight around 
emissions and leakage, respectively.  

Davis is exploring the scope and 
locations of methane emissions 
from oil and gas production and 
from urban settings where gas is 
distributed, while Dahi Taleghani 
is evaluating materials to prevent 
unwanted gas release from oil, gas, 
and high-temperature geothermal 
wells. 

“A significant amount of methane is 
escaping from cities, but there’s been 
very little insight into specifically 
where the leaks are,” says Davis, a 
faculty member in the Penn State 
Department of Meteorology and 
Atmospheric Science. “Is it coming 
from distribution pipes? People’s 
stovetops? And how much is coming 
from each place?” 

The primary component of natural 
gas, methane accounts for about 
30 percent of the increase in global 

temperatures over the last few 
centuries, according to the IEA. But 
methane emissions are less well 
understood than those of another 
key greenhouse gas, carbon dioxide, 
Davis explains. 

Tempering methane emissions, he 
says, requires a working sense of 
where, how, and in what amounts the 
gas is escaping into the atmosphere. 
His research group currently monitors 
methane emissions from the Permian, 
the Denver-Julesburg, and the Upper 
Green River oil and gas production 
basins. Over the past fifteen years, 
he and colleagues—including Penn 
State students—have also used 
tower-based instruments to monitor 
methane and CO2 concentrations in 
Indianapolis. 

Although collection of the 
Indianapolis measurements 
suspended in 2025 amid shifts in 
federal support, evaluation of the 
data will continue. The assessments 
include emissions from the 
commercial sector, transportation, 
and natural biological processes.  

The former Greenhouse Gas 
Measurements Program, part of the 
National Institute for Standards and 
Technology, funded the Indianapolis 
research for fifteen years. 

“We’re beginning to build what we 
call bottom-up models—really a 
process-based understanding of 
where we believe emissions are 
originating—for cities,” says Davis, 
director of the Earth-Atmosphere 

Interactions Lab at Penn State. 
“What we find can inform methane-
mitigation strategies. If methane 
emissions are coming largely 
from the natural-gas distribution 
system, policymakers will have 
some guidance to focus there. If the 
emissions come from people’s homes 
and business, that triggers a different 
framing.” 

Davis has used airborne and tower-
based observations in a variety of 
greenhouse-gas studies in urban 
areas, oil and gas basins, and 
agricultural and forested landscapes. 
With colleagues across several 
institutions, he contributed to a May 
2025 paper finding an unexpected 
seasonal cycle in methane emissions 
in the United States.  

Wintertime emissions are about 
40 percent greater than those 
in the summer, according to the 
study published in the journal 
Environmental Science & Technology. 
Researchers can’t yet explain the 
pattern, but data collection across 
several states should lend insight, 
Davis says. 

“Existing methane emissions 
estimates are often very wrong. 
There is a need to understand 
methane emissions better because 
we need to minimize greenhouse-gas 
emissions,” he adds. “If we want to 
know the true emissions of methane, 
we need independent measurements 
from the atmosphere.” 
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Dahi Taleghani, a faculty member in 
the Penn State Department of Energy 
and Mineral Engineering, directs 
the Repurposing Center for Energy 
Transition, an initiative supporting the 
reuse of fossil-fuel infrastructure. In 
2025, ReCET received several seed 
funds for repurposing abandoned oil 
and gas wells as well as abandoned 
mines for clean energy applications. 
These feasibility studies provide 
insights for upcycling these retired 
infrastructures in Pennsylvania. 
More recently, Dahi Taleghani won 
grant support from the Penn State 
Commercialization GAP Fund, a 
program helping technologies 
springboard from academic research 
to industry adoption. 

The GAP-funded project centers on 
developing materials that can change 
shape and organize themselves 
to seal large fractures formed or 
identified during drilling. Known as 
“smart materials,” these additives to 

drilling fluid could reduce the loss of 
fluids from oil and gas wells. 

“Substances in development can 
withstand high temperatures, 
expand to fill space, and create 
temporary seals that reduce both 
cost and environmental impact,” Dahi 
Taleghani explains. “This is essential 
for safety and for efficiency.” 

First imagined about a decade ago, 
his innovation relies on what are 
known as shape-memory polymers. 
They can be compacted, twisted, 
or folded before recovering their 
original shapes.  

“Basically, we use programming 
to make these particles smaller,” 
Dahi Taleghani says. “When they 
are exposed to zones with higher 
temperatures, they can expand 
tenfold.” 

He developed the idea because 
conventional approaches can’t plug 

large, wide fractures, he says. Now 
in a pre-commercialization phase, 
the technology is ripe for industry 
collaboration to foster scaling-up and 
field trials, and it should be available 
for licensing. 

“This is just one example that shows 
something from the lab can come to 
the market and shape the future of 
energy,” Dahi Taleghani says. 

In related work, he led a project to 
compile methods for identifying, 
measuring, and resealing leak 
paths in gas storage wells. The U.S. 
Department of Transportation funded 
the comprehensive effort, which can 
help engineers and technicians to 
address different leakage scenarios. 
Dahi Taleghani has published several 
articles on the topic. 

“I love to see our work from the lab 
impact people’s lives,” he says. ■

For fourteen years, this communications tower in Indianapolis hosted instruments that helped track emissions—part of 
federally funded research about methane and carbon dioxide.  CREDIT: JASON HORNE
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Doctoral candidates  
helping spearhead projects  

in oil extraction, solar energy
Across the EMS Energy Institute, preparing next-generation 
leaders in energy research and industry means engaging 
them in hands-on projects, empowering their ideas, and 
positioning them alongside faculty advisers. 

In 2025, the works of doctoral candidates Miao Jin 
and Souk Yoon (John) Kim showcased the central role 
of up-and-coming students in the institute community. 
Jin coauthored a study to boost oil production from 
Permian shale wells during gas-lift operations, while Kim 
led a paper on a promising solid additive for organic 
photovoltaics. 

The latter study appeared in a special issue of the journal 
ACS Materials Au recognizing “2025 Rising Stars in 
Material Science.” Kim, who is a student in the Penn State 
Department of Materials Science and Engineering, began 
examining solar cells during his undergraduate studies 
and is interested in eventually translating his research into 
industry applications.  

“Laptop computers and electric vehicles are examples 
of applications that could potentially benefit from a new 
generation of lightweight, flexible solar technologies,” Kim 
says.  

The key to enabling these applications, he explains, lies 
in improving the efficiency and long-term stability of thin, 

lightweight solar cells at larger scales, such as the organic 
photovoltaics he researches with his faculty adviser, 
Nutifafa Doumon, an affiliate of the Energy Institute. 

Doumon and Kim co-led the paper in ACS Materials 
Au, which explores the viability of a solid additive, 
9,10-phenanthrenequinone (PQ), to enhance the efficiency 
and long-term stability of organic photovoltaics. Distinct 
from silicon solar cells—which are a dominant solar 
technology—emerging organic solar cells tend to be more 
flexible, lighter, and less expensive to manufacture. 

But they also tend to degrade and lose efficiency more 
quickly, among other drawbacks. Doumon and Kim found 
that PQ marginally improved efficiency while reducing 
degradation of organic solar cells, “helping devices retain 
over 90 percent of their original efficiency under sustained 
heat,” as Kim notes. Less degradation translates to better 
stability. 

“Using PQ means more reliable and longer-lasting 
organic solar cells without complex synthesis or toxic 
processing,” says Kim, who advocated for the study. 
“We see incorporating PQ as a practical pathway 
toward sustainable, scalable, and more durable organic 
photovoltaic technologies, as also indicated by one of the 
paper’s reviewers.” 

Miao Jin Souk Yoon (John) Kim
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ENERGY INSTITUTE RETIREMENTS

Honored repeatedly for his research and leadership, Kim 
coordinated the 2025 Energy Innovations symposium, 
held at the Energy Institute in April and led by graduate 
students. In September 2025, a paper co-led by Kim 
and Doumon was recognized in the 2025 “Emerging 
Investigators” collection of the Journal of Materials 
Chemistry C. The paper appears among the journal’s thirty 
most popular articles for the year. 

Kim also helped secure a research grant through the 
Next-Generation Science and Technology Leaders Program 
by the Korean Federation of Science and Technology 
Societies. And he was nominated to attend the 2025 
CERAWeek by  S&P Global conference as part of the 
inaugural NextGen cohort, with support from the Energy 
Institute.  

Jin studies in the Penn State John and Willie Leone Family 
Department of Energy and Mineral Engineering and has 
been a representative on its Graduate Student Council. His 
research focuses on machine-learning models that can be 
utilized for improving oil recovery from shale reservoirs. 

With his faculty adviser, Energy Institute affiliate Hamid 
Emami-Meybodi, Jin published a paper in the journal 
Energy & Fuels in July 2025. Their study focused on an 
expensive problem for the oil industry: rapid decline in 
oil production from the shale wells in unconventional 
reservoirs.  

Industry operators use the technique known as gas lift to 
improve oil recovery as reservoir pressure drops around 
the wellbore, increasing the oil rates from multi-fractured 
horizontal wells in shales like the Permian Basin in Texas 
and New Mexico. But it’s a persistent challenge to predict 
and measure the pressure changes at the bottom of these 
deep wells that signal when to begin gas lift, Jin explains. 
Poor timing can limit extraction, impede efficiency, and 
cost significant money.  

Jin and Emami-Meybodi used field data from twenty-
one shale wells in the Permian Basin to develop models 
that predict bottomhole pressure. Their machine-
learning approach promises to help well productivity 
and demonstrates how advanced, data-driven models 
can address similar problems in the field, says Jin, who 
specializes in petroleum engineering. 

Over the longer term, he hopes to apply data science and 
machine learning for industry uses, perhaps in areas of 
new energy as well. 

“There’s no limitation for the application of advancements 
in data science,” says Jin, who has worked as an intern for 
Chevron. “It’s the future of energy.” 

This research took shape as part of the Subsurface Energy 
Recovery and Storage (SERS) Joint Industry Partnership 
directed by Emami-Meybodi. ■

Johns held Trimble chair 
Russell Johns, a faculty affiliate of the EMS Energy 
Institute and a former interim head of the Penn State 
Department of Energy and Mineral Engineering, retired 
from the University in 2025. Elected to the National 
Academy of Engineering in 2025, he held the George E. 
Trimble Chair of Energy and Mineral Sciences and was 
a professor of petroleum and natural-gas engineering.

Morrison continues  
service to nonprofit 

Associate Research Professor Joel Morrison, a member of 
the EMS Energy Institute for more than 25 years, retired 
from Penn State in June 2025. He remains the fund 
administrator for the West Penn Energy Fund, a nonprofit 
that fosters sustainable energy, and is now an associate 
research professor emeritus at the University. ■
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RECENT EVENTS
ENERGY INSTITUTE CONTINGENT 

PRESENTS AT CERAWEEK 
A half-dozen students affiliated 
with the EMS Energy Institute 
presented research in March 
2025 at the five-day CERAWeek 
by S&P Global, recognized 
internationally as a top energy 
conference. More than 10,000 
people, including industry 
executives, researchers, and 
government leaders, attend the 
annual event in Houston. 

Penn State students highlighted 
their work ranging from solar 
energy cells to fossil fuels and 
hydrogen production, says 

James W. Heim II, a graduate 
student in the John and Willie 
Leone Family Department of 
Energy and Mineral Engineering. 
He presented on hydrogen 
production via a process 
known as thermo-catalytic 
decomposition of methane. 

“I was able to see that a lot of the 
bigger companies are actually 
working on the same project 
that I’m working on,” Heim says. 
“That was affirming. And we 
delved into trends in energy, 
technologies, policy, and what’s 

coming to fruition quickly. I 
discovered technologies like 
renewable-energy storage 
seem closer to fruition than the 
proposed hydrogen economy.” 

Such insight and networking are 
especially helpful as students 
approach the job market, says 
Heim, who is pursuing a doctoral 
degree in energy engineering. 
“It was inspirational to see larger 
companies working toward 
sustainable solutions to climate 
change.” ■

Attendees from Penn State at CERAWeek by S&P Global in March 2025 included, from left, doctoral students Barbara 
Perez of the Department of Chemical Engineering, Dandan Zhang of the John and Willie Leone Family Department 
of Energy and Mineral Engineering (EME), James W. Heim II of EME, Rosemary Chinyere Tosanwumi of EME, Rahimi 
Elham of EME, Joy Adul of EME, and Souk Yoon (John) Kim of the Department of Materials Science and Engineering. 
 CREDIT: PROVIDED BY JAMES W. HEIM II
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More than a half-dozen Penn State students 
organized and presented in a research 
symposium that the EMS Energy Institute 
hosted in April 2025 at University Park. Led 
largely by doctoral students Souk Yoon (John) 
Kim and James W. Heim II, the gathering 
emerged from earlier poster events to 
incorporate a robust combination of research 
presentations and remarks. Catharine Cyr 
Ransom, a Penn State alumna and partner at 
FGS Global, and six University faculty members 
served as speakers.  

“The symposium provided a new platform for 
students across departments and labs to make 
new connections, explore their research, and 
support one another,” Kim explains. “It also 
afforded us leadership experience in developing 

and executing an event of this type. We 
supported our sense of community at the same 
time we reinforced each other’s research and 
prospects for collaboration.” 

Kim is positioning the event to become an 
annual highlight in the institute. Student 
honorees at the 2025 event included the 
participants below. All are Penn State students 
except where otherwise noted. 

Oral presentation winners 
•	First place: Sam Murphy, Department of 

Meteorology 
•	Second place: Nikhil Komalla, John and 

Willie Leone Family Department of Energy 
and Mineral Engineering (EME) 

•	Third place: Aravind Retna Kumar, EME 

STUDENT RESEARCH SYMPOSIUM 
SPANS SCIENCE AND POLICY

Participants in the EMS Energy Institute’s student research symposium in April 2025 included, from left, James W. 
Heim II, a doctoral student in energy engineering; Rosemary Chinyere Tosanwumi, a doctoral student in petroleum 
engineering; Jiaxing Wu, a doctoral student in energy and environmental economics; Samukeliso Dube, a doctoral 
student in energy and mineral engineering; Sanjay Srinivasan, the institute director; Baran Can Yucel, a doctoral 
student in energy and mineral engineering; Souk Yoon (John) Kim, a doctoral student in material science and 
engineering; and Catharine Cyr Ransom, the keynote speaker and a partner in FGS Global. 
 CREDIT: PROVIDED BY SOUK YOON (JOHN) KIM
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GRADUATE SEMINAR SERIES, A CROSS-ORGANIZATIONAL 
COLLABORATION, FOSTERS INTELLECTUAL EXCHANGE 

An event series led by Penn 
State graduate students in the 
EMS Energy Institute launched 
in fall 2025, offering three 
seminars spread through the 
semester. 

Open to students and faculty, 
the program solicits speakers 
from the College of Earth and 
Mineral Sciences who are 
preparing for conferences, 
exercising their presentation 
skills, or otherwise want 
to share research, ideas, or 
experiences. Each seminar 
features two presenters. In the 
fall semester, subject matter 
ranged from petroleum to 
the integration of artificial 
intelligence into energy 
systems. 

Both student and faculty 
presenters have “showcased 
the intellectual breadth of our 
researchers in the institute,” 
says Samukeliso “Samu” Dube, 
a doctoral student in energy 
and mineral engineering and a 
series organizer. “The seminar 

matter is so diverse, it opens 
you to research outside of your 
own main focus.” 

Encouraged by Nutifafa Y. 
Doumon, assistant professor in 
the Department of Materials 
Science and Engineering, and 
by Energy Institute Director 
Sanjay Srinivasan, the series 
is a collaboration between the 
institute and the University’s 
Alliance for Education, Science, 
Engineering and Design 
with Africa. Dube describes 
the effort as an intellectual 
exchange among students as 
well as between faculty and 
students.  

Specific goals include deeper 
academic engagement, skill 
development, and meaningful 
connections.  

“We want to build a stronger 
academic community,” says 
Cyril Chu Fubin Kumachang, a 
doctoral student in materials 
science and engineering 
and a series organizer. “With 
attendance and participation 

from college leadership, 
students, and faculty, the 
events have been well received 
and a valuable training 
platform for presenters.” 

Series plans for spring 2026 
include seminars, a symposium, 
and a field trip. Doumon 
says faculty participation 
contributes to the scientific 
rigor in seminar discussions. 

“Interaction and questions 
promote learning from outside 
your own field that could help 
you write a better essay or 
a better dissertation,” says 
Doumon, an adviser to the 
organizers. “This is a cultivation 
space for ideas and critical 
thought.” 

The series’ organizing 
committee includes Doumon 
and Srinivasan as faculty 
members and Dube, 
Kumachang, Justin Lin, 
Komalla Nikhil, and Chandima 
Sudantha Subasinghe 
Hevapathiranage as student 
members. ■

Poster winners 
•	First place: Fatimah Ali Alhejji, Department 

of Materials Science and Engineering (MatSe) 
•	Second place: Joy Atieno Adul, EME 
•	Third place (tie): Souk Yoon (John) Kim, 

MatSe 
•	Third place (tie): Frank Efe, Morgan State 

University 

STUDENT RESEARCH SYMPOSIUM, continued from page 25

Organizers 
•	Baran Can Yucel, EME 
•	Samukeliso “Samu” Dube, EME 
•	Jiaxing Wu, EME 
•	James W. Heim II, EME 
•	Rosemary Tosanwumi, EME 
•	Souk Yoon (John) Kim, MatSe 
•	Nathan Sutton, EME ■
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ENERGY INSTITUTE NEWS
CONVENING SHOWCASES PENN STATE’S 

LEADERSHIP IN CRITICAL MINERALS
With federal agencies rolling out nearly $1 billion for 
critical minerals and materials (CMM) development, a 
December 2025 convening at Penn State University Park 
brought together about one hundred scholars, industry 
representatives, and government experts with a central 
goal: cooperation. 

Drawing on the University’s historic strengths across 
industry and the public sector is pivotal as momentum 
grows for domestic CMM supply chains, participants said 
at the two-day assembly. Hosted at research facilities 
and the Bryce Jordan Center, it was the latest Penn State 
gathering to promote partnerships and collaborations 
among business, academic, and government interests in 
minerals and materials development in the U.S. The EMS 
Energy Institute led the event amid multi-million-dollar 
funding opportunities that the Department of Energy, the 
U.S. National Science Foundation, and others announced 
recently to bolster CMMs, now sourced mostly abroad. 

To read the full story from Penn State News:  
bit.ly/4bwXnkH. ■

MORE EFFICIENT APPROACH TO SHALE WELLS 
COULD BOOST OIL OUTPUT, STORE EMISSIONS
Oil produced from shale 
reservoirs drove record crude 
output in the U.S. over the 
past decade, but inefficiencies 
in extraction often leave as 
much as 90 percent of the 

oil behind, according to the 
federal Energy Information 
Administration. 

To help maximize production 
from the tightly packed 

formations of shale rock, a 
team of researchers at Penn 
State developed a new oil 
extraction workflow that may 
improve shale oil recovery up 
to an additional 15 percent 

Thandazile Moyo, assistant professor in Penn 
State's Department of Energy and Mineral 
Engineering, addresses participants on Dec. 
9, 2025, at a convening led by the EMS 
Energy Institute. The two-day gathering, held 
in part at the Bryce Jordan Center, focused on 
critical minerals and materials development 
as the federal government invests millions of 
dollars in the field. CREDIT: DAVID KUBAREK
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AMID RENEWABLE-ENERGY BOOM, STUDY 
EXPLORES OPTIONS FOR ELECTRICITY MARKET
Renewable energy sources like wind and solar 
generation now account for over 20 percent of 
electricity in the U.S.—and keep growing after 
large-scale production more than doubled since 
2000. Still, high-profile power failures illustrate 
persistent challenges from the lack of available 
capacity to provide enough energy at times of 
need, says Chiara Lo Prete, associate professor 
of energy economics in the John and Willie 
Family Department of Energy and Mineral 
Engineering at Penn State. 

The issue isn’t insufficient generation but 
an unreliable ability to deliver ample power 
when customer use spikes, particularly where 
renewable resources and natural gas dominate 
power production, says Lo Prete, a faculty 
associate of the EMS Energy Institute. To better 
support the clean-energy transition, she and 
colleagues at a Washington, D.C.-based nonprofit 
studied eleven electricity market design 

proposals under consideration by grid operators. 
These designs put forward different approaches 
to guide energy generation and sources, as well 
as use across every sector of the energy market. 

To read the full story from Penn State News:  
bit.ly/3Mh5N5u. ■

Renewable energy sources like wind and solar 
generation now account for over 20 percent of 
electricity in the U.S., according to the U.S. Department 
of Energy. CREDIT: U.S. DEPARTMENT OF ENERGY

while providing long-term 
storage for carbon dioxide 

(CO₂) emissions. The workflow 
was successfully implemented 

for the Texas 
Eagle Ford 
Shale, where it 
demonstrated 
improvement in 
oil extraction, 
the researchers 
say, explaining 
that it can be 
expanded for 
application 
in other shale 
reservoirs.  

They reported 
their findings 

in the journal Fuel. The 
innovation centers on 
improving cyclic CO₂ injection, 
a process in which CO₂ is 
pumped into the reservoir to 
enhance oil production. Hamid 
Emami-Meybodi, associate 
professor of petroleum and 
natural gas engineering, 
faculty associate in the EMS 
Energy Institute, and lead 
author of the paper, compared 
the underground shale 
environment to a sponge. 

To read the full story from 
Penn State News:  
bit.ly/4a2jE93. ■

A coring and geophysical well-logging operation 
targets the Eagle Ford Group sedimentary rock 
formation in an area along U.S. Route 90 in Kinney 
County, Texas, in 2018.
 CREDIT: STANLEY T. PAXTON, U.S. GEOLOGICAL SURVEY
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Advanced resources give researchers an edge in the lab
Across the EMS Energy Institute, 
facilities underpinning faculty and 
student research at University Park 
have seen substantial upgrades 
over the last several years. Often 
supported by industry partners, this 
critical infrastructure enables the 
innovations that help define the 
institute. 

In the Coal Utilization Lab, on the 
eastern end of the campus, Room 
216 East is open to all students and 
faculty affiliated with the institute. 
Newer equipment there includes: 

•	 a thermogravimetric analyzer, 
a high-precision device 
that gauges changes 
in the mass of material 
samples as they undergo 
temperature changes or 
are held at a constant 
heat; 

•	 a Fourier transform 
infrared spectroscopy 
device, used to identify 
a variety of material 
samples through the use 
of infrared radiation; 

•	 and a differential 
scanning calorimeter, 
a thermoanalytical 
mechanism that detects 
how much heat a 
material sample releases 
or absorbs amid heating 
or cooling. 

Meanwhile, the Silicon Carbide 
Innovation Alliance (SCIA), supported 
by the institute, is employing an array 
of advanced technology to cultivate 
and refine silicon carbide crystals 
used in electronics and industrial 
applications. Equipment in the SCIA 
lab space, which opened in 2025, 
includes: 

•	 four industrial-scale induction 
heated furnaces to drive crystal 
growth; 

•	 a state-of-the-art computer 
numerical control machine to 
shape crystals for slicing; 

•	 a multi-wire diamond saw, used 
to crop and dice the crystals as 
part of the refining process; 

•	 and grinding, lapping, and 
polishing machines that help 
produce advanced surface 
finishes. 

Elsewhere among the institute’s 
newer facilities, the Center for Critical 
Minerals employs a series of tanks 
with differing pH levels, together 
allowing minerals to be filtered from 
acid mine drainage and purified 
for use by partner organizations. 
The center was running pilot-scale 
operations in 2025. ■

FACILITY UPGRADES

Do Hyun Lee, a Penn State doctoral candidate in energy and mineral 
engineering, demonstrates a system that measures weight loss as material 
samples heat up. The equipment is part of research set-ups in Room 216 East, 
a shared laboratory in the Coal Utilization Lab at University Park.
 CREDIT: DAVID KUBAREK
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Ayala: promotion to 
department head

To Luis F. Ayala, mentoring sends a message. 

“It’s how you make people feel welcome in 
a new place, tell them that we want you to 
succeed, and show what it takes to succeed,” 
says Ayala, an EMS Energy Institute faculty 
affiliate. “No matter where you are, having a 
mentor invested in someone’s success is the 
best way to make them feel they belong.” 

That sensibility is a hallmark of Ayala’s 
leadership in the Penn State College of 
Earth and Mineral Sciences, where he was 
named head of the John and Willie Leone 
Family Department of Energy and Mineral 
Engineering in July 2024. He succeeds Sanjay 
Srinivasan, who became the Energy Institute 
director a year earlier. 

“Our department is uniquely positioned to 
spearhead curricular innovation, pursue 
exciting research opportunities, and address 
many of the technical challenges inherent 
to the ongoing transformation of the global 

energy landscape,” Ayala said upon his 
promotion.  

Lauded for contributions in research and 
teaching, Ayala has won honors including the 
University’s 2022 Howard B. Palmer Faculty 
Mentoring Award. It recognizes outstanding 
achievement by a faculty member with at least 
five years of service who effectively guides 
junior faculty. 

More recently, the Society of Petroleum 
Engineers (SPE) granted Ayala its 
Distinguished Service Award in October 2025. 
The William A. Fustos Family Professor in 
Energy and Mineral Engineering, Ayala was 
named a SPE Distinguished Member in 2022. 
His service to SPE has included a variety of 
committee work and the editing of technical 
journals. 

A nonprofit with some 132,000 members, 
the organization serves as a bridge among 
universities and industry, he says. 

“My work in the society reflects my desire to 
build community, to serve a community, and 
to come from a position of service,” Ayala says. 
“I strive to work in positive ways to bring us 
together in this field, define a bigger purpose, 
and go for it.” 

Dahi Taleghani and Rezaee: 
Commercialization  
GAP Fund support

Projects led by Arash Dahi Taleghani, professor 
of petroleum engineering, and Mohammad 
Rezaee, associate professor of mining 
engineering, both in the John and Willie Leone 
Family Department of Energy and Mineral 
Engineering, are among eight research projects 
selected for support from the Penn State 
Commercialization GAP Fund in mid-2025. 

HONORS AND AWARDS
Recent points of distinction among EMS Energy Institute faculty associates and affiliates 

Luis F. Ayala
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Dahi Taleghani’s materials research effort 
is titled “Shape-Memory and Self-Assembly 
Materials Designed to Plug Large Fractures 
During Drilling.” It focuses on new materials 
that can change shape and organize 
themselves to seal large fractures that form 
during drilling operations for oil and gas wells. 
These “smart materials” could reduce fluid loss 
in the wells, improve safety, and make energy 
extraction more efficient.  

Rezaee’s project is titled “Apparatus 
and Process for Selective Liberation and 
Mechanical Recycling of Electronic Waste.” 
It focuses on designing a mechanical process 
that breaks down old electronics, such as 
cellphones and laptops, to recover high-value 
materials like copper, gold, and rare earth 
elements. This process could lead to making 
electronic waste recycling cleaner, 
safer, and more cost-effective. 

The GAP Fund is a competitive 
internal program designed to help 
promising technologies bridge the 
gap between academic research 
and industry adoption. 

Dzade: Early Career 
Research Award

The U.S. Department of Energy 
awarded Nelson Y. Dzade, assistant 
professor in the John and Willie 
Leone Family Department of Energy 

and Mineral Engineering, a 
2024 Early Career Research 
Award. He is using the five-
year, $875,000 award to develop 
a multi-scale framework for 
predicting and understanding 
interfaces in solar cells.  

Dzade was among 91 early-
career scientists nationwide 
selected for the 2024 honor. His 
work will help identify specific 
bottlenecks in the performance 
of photovoltaic devices and 
help set a foundation for more 
efficient and stable solar cells 
with socio-economic and 

environmental benefits. 

“I feel super blessed to be considered among 
the nation’s outstanding early research 
scientists who are helping tackle some of 
the toughest challenges and help secure the 
economic competitiveness of the United States 
for decades to come,” Dzade says. His project 
funded by the award is titled “Multiscale 
Modeling of Heteroepitaxial Interfaces for 
Scalable Thin-Film Solar Cell Applications.” 

Dzade and Doumon: U.S.-
Africa Frontiers Fellowships

The National Academies of Sciences, 
Engineering and Medicine honored Nutifafa Y. 
Doumon and Nelson Y. Dzade in 2025 with U.S.-
Africa Frontiers Fellowships. The awards assist 

Arash Dahi Taleghani, left, and Mohammad Rezaee

Nutifafa Y. Doumon, left, and Nelson Y. Dzade
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faculty members in strengthening high-impact 
research collaboration and capacity-building 
with African scientists. 

Doumon is an assistant professor of materials 
science and engineering and of engineering 
science and mechanics in the Department of 
Materials Science and Engineering; Dzade, 
an assistant professor of energy and mineral 
engineering in the John and Willie Leone 
Family Department of 
Energy and Mineral 
Engineering.  

As part of the fellowships, 
Linda Nyamen at the 
University of Yaoundé 
I, Cameroon, will visit 
Dzade’s Materials and 
Mineral Theory Group. 
Isoken Henrietta Igbinosa, 
from the University of 
Benin, Nigeria, will be 
visiting the Doumon 
Lab, which supports 
research for advanced 
optoelectronic devices 
integrated into sustainable 
and smart water-
monitoring systems.  

Additionally, Dzade will 
chair the Critical Minerals 
and Materials session 
of the 2026 U.S.-Africa Frontiers of Science, 
Engineering, and Medicine Symposium, to be 
held in partnership with Cheikh Anta Diop 
University of Dakar from Feb. 2-4 in Dakar, 
Senegal. 

The fellowship program helps participants 
develop research ideas, acquire specific 
technical skills, and facilitate further scientific 
collaboration with their counterparts. 

Emami-Meybodi: Society 
of Petroleum Engineers 

Distinguished Membership
The Society of Petroleum Engineers (SPE) 
in 2025 elected Hamid Emami-Meybodi, 

associate professor of petroleum and natural-
gas engineering in the John and Willie Leone 
Family Department of Energy and Mineral 
Engineering, as an SPE Distinguished Member. 

Recognized at the society’s annual technical 
conference and exhibition in Houston, Emami-
Meybodi described the honor as “a celebration 
of the many people who have supported and 
inspired me along the away.” He holds the Dr. 

Charles H. Bowman and 
Lynn A. Holleran Early 
Career Professorship in his 
department. 

“Seeing past awardees, I 
feel humbled to join their 
ranks and am grateful 
for the supportive Penn 
State community that 
has helped me excel in 
research, teaching, and 
service,” Emami-Meybodi 
said.  

He was cited “for his 
outstanding contributions 
to petroleum engineering 
education and research,” 
including in his role as 
director of the Subsurface 
Energy Recovery and 
Storage Joint Industry 

Partnership. Emami-
Meybodi’s “leadership, prolific research 
in reservoir engineering, dedication to 
teaching, and strong administrative roles 
have significantly advanced the profession 
and inspired a generation of students and 
engineers,” his recognition reads. 

Mittal: Packard Fellowship
Tushar Mittal, assistant professor in the 
Department of Geosciences, was named a 
2024 Packard Fellow by the David and Lucile 
Packard Foundation. Each of the 20 recipients 
won $875,000 over five years to pursue 
research. 

Including Mittal, the College of Earth and 
Mineral Sciences now counts three Packard 

Hamid Emami-Meybodi
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Fellows, recognized for their innovation, ideas, 
and determination. The Mittal Lab develops 
innovative tools that combine geophysical fluid 
dynamics, rock mechanics, remote sensing, 
and Earth system modeling to improve 
detection and understanding of volcanism.  

Mittal’s research funded by the fellowship 
will address the key scientific challenge 
to understanding submarine volcanism: 
characterizing underwater eruptions globally 
by estimating their size, gas and fluid 
emissions, and spatiotemporal patterns. 

More recently, in November 
2025, Mittal received 
$75,000 in seed funding 
from the Alfred P. Sloan 
Foundation to support a 
collaborative project on 
critical minerals. The effort 
seeks to make mining more 
efficient through a new 
method: the Pulsed Ore 
Process System, which 
relies largely on acoustic 
energy to target raw 
materials in demand.  

The project’s title is 
“Poprocks: Coupling Sound, 
Mechanical and Chemical 
Dissolution for Direct & 
Selective Ore Extraction.”  

Pisupati: Distinguished 
Alumnus Award

The Osmania University College of Technology 
Alumni Association honored Sarma V. Pisupati, 
a faculty member in the John and Willie Leone 
Family Department of Energy and Mineral 
Engineering, with its Distinguished Alumnus 
Award in December 2025. 

Pisupati directs the Center for Critical Minerals 
at Penn State, where he is a professor of 
energy and mineral engineering and chemical 
engineering. He has studied and taught energy 
and environmental issues for four decades and 
worked in industry before joining Penn State. 
He earned his bachelor’s degree in chemical 
engineering from Osmania—one of India’s 
oldest universities—and a master’s degree in 
chemical engineering from the prestigious 
Indian Institute of Technology before earning 
his doctoral degree from Penn State. 

The inaugural chair of Penn State’s program 
in energy engineering, Pisupati has research 
interests ranging from oxy-fuel combustion 
and chemical looping combustion to the 
extraction of critical and rare-earth elements 

from secondary 
sources. He has 
been principal 
investigator 
or co-principal 
investigator 
on sixty-five 
externally funded 
scientific research 
projects and has 
coauthored more 
than 225 research 
publications.  

Among his 
appearances in 
2025, Pisupati 
spoke on the Rare 
Earth Exchanges 
podcast. ■

Tushar Mittal

Sarma V. Pisupati
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ALUMNI SPOTLIGHT
After more than forty years in the 
oil and gas industry, the world-wide 
need for energy has never been 
more clear to Jerry Berkebile.

A 1977 graduate of the Penn State 
College of Earth and Mineral Sciences 
(EMS) in petroleum and natural gas 
engineering, Berkebile built his long 
career in various engineering and 
management positions as well as 
leading multiple exploration-based 
companies. 

Today, he notes, the demands of 
economic development, global 
population growth, artificial 
intelligence, and advanced living 
standards are amplifying the role 
of plentiful, reliable and affordable 
energy. Electricity demand alone 
is forecast to increase by as much 
as  three-quarters worldwide by 
2050, according to the U.S. Energy 
Information Administration.

At the EMS Energy Institute, Berkebile 
and his wife, Pat, see the trends 
as a moment for international 
leadership—a chance to redouble 
the institute’s research momentum 
and strengthen the next generation 
of industry innovators. The Berkebiles 
recently made a generous gift to help 
the institute community cultivate a big 
new idea for energy development.

Their hope is to plant a seed that 
spurs invention and helps tackle 
soaring energy needs. Specifics 
remain under discussion.

“I don’t know what the next big 
energy idea will be,  but I’ve seen 
in the petroleum  industry that the 
power of one idea is huge. So many 
times, just one  idea has changed 

the world,” Jerry Berkebile 
says. “We have so many 
resources in our country—and 
worldwide—that just one idea 
could double the amount of 
oil, nuclear energy, or another 
source.”

The Berkebiles are drawn 
in particular to the Energy 
Institute, where they are 
committed supporters. 
Students working with the 
institute “always blow us 
away” with their skill, talent, 
and dedication.

“Those of us in industry might 
not have the time or resources 
to pursue groundbreaking 
new ideas outside of our areas 
of expertise,” Jerry Berkebile says. 
“But the institute community does. 
The potential of one idea drives us.”

A recipient of the Colleen Swetland 
Alumni Achievement Award and 
the C. Drew Stahl Distinguished 
Achievement Award in Petroleum 
Engineering at Penn State, Jerry 
Berkebile has long engaged with 
the EMS community at large. Among 
his roles, he has been as a guest 
speaker and mentor; a member of 
the external advisory board in the 
Department of Energy and Mineral 
Engineering; and a participant in the 
Energy Crisis Leadership Challenge, 
a final project for an energy business 
and finance course.  The Berkebiles 
also sponsor the Berkebile Family 
Trustee Matching Scholarship for 
petroleum engineering students. 

Berkebile’s enthusiasm stems in 
part from appreciation for “what the 
University has done for him,” Pat 

Berkebile says. “He wants to pay 
back—or pay forward—by helping 
other young people pursue dreams, 
pursue excellence, pursue research. 
The University means a lot to the 
family.”

As undergraduates themselves, the 
Berkebiles benefitted from individual 
and corporate generosity through 
scholarships and internships. “We 
believe that when we have the 
opportunity to help provide for the 
next generation of students, we 
should support them,” Jerry Berkebile 
says.

Sanjay Srinivasan, the Energy 
Institute director, says the Berkebiles’ 
involvement illustrates the 
importance of engagement from 
outside the lab and classroom. The 
couple exemplifies a collaborative 
sensibility that helps define the 
institute, including among alumni and 
in industry relationships, Srinivasan 
says.

Patricia and Jerry Berkebile
 CREDIT: PROVIDED BY JERRY BERKEBILE
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“Jerry and Pat’s insights, worldly 
experiences, and thoughtful 
generosity in so many areas are a 
vital difference-maker for students 
and faculty,” Srinivasan says. “We’re 
grateful for our bonds with them—
they are truly part of the family here. 
Their reach is incalculable.”

A life member of the Penn State 
Alumni Association and part of the 
EMS Obelisk Society, Jerry Berkebile 
is the president of Colt Hill Resources 
LLC. The independent oil and gas 
company is based in Midland, Texas, 

where the Berkebiles have lived more 
than thirty years. 

Jerry Berkebile is a longtime 
petroleum engineer and business 
owner, having founded or co-
founded successful oil companies. 
He also worked twenty-five years in 
management and engineering roles 
at Marathon Oil, both domestic and 
international.

He emphasizes access to energy 
as a core part of expanding healthy 
living standards, adequate health 
care, and mechanized farming and 

irrigation across impoverished parts 
of the world. Abundant energy 
will drive economic stability and 
opportunity in, for instance, areas of 
Africa and Southeast Asia, he says. 
And it will power artificial-intelligence 
projects in areas such as Western 
Pennsylvania, where Berkebile grew 
up.

“As worldwide energy demand 
surges and we ask, ‘Where’s the next 
big opportunity for supply?’ — the 
answer begins at Penn State’s Energy 
Institute,” he says. ■

utilization in petroleum drilling. Taken together, 
their presentations captured the excitement and 
comprehensive posture of the institute’s work. 

To structure the activities of the institute, our 
community has worked over the past year to craft 
a comprehensive strategic plan. We now have 
a complete draft that incorporates our vision for 
cutting-edge research and close ties with industry. 
We’re proud to invite industry partners to help frame 
our research direction and educate and train the 
workforce. 

The plan also involves our refreshed organizational 
structure, featuring close collaboration with the Earth 
and Environmental Systems Institute at Penn State 
(EESI). Like the Energy Institute, EESI is housed within 
the College of Earth and Mineral Sciences. Our EESI 
partnership provides both entities with a dedicated 
support team, including pre-award specialists who 
assist researchers with proposals; post-award project 
managers who help optimize research execution; and 
marketing and branding capabilities to engage the 

public, peers, internal constituents, and a constellation 
of supporters. 

As we welcome the 2026 calendar year, the Energy 
Institute has several prime events in store. A 
symposium will bring together high-level industry 
executives and our lab teams to address the direction 
of energy research, the demand for critical minerals 
and other materials, and environmental and social 
aspects of energy production and use. Then in July, 
we will host a major workshop, also at University 
Park, sponsored by the Society of Exploration 
Geophysicists. The workshop will center world-
class experts in dialogue about artificial-intelligence 
applications in subsurface energy and storage. 

As scientists and innovators, we take seriously the 
responsibility to engage the broader world in our 
work. Success rests on our ability to collaborate—not 
only with one another but throughout the energy 
sector.  

To everyone joining us already, I share my thanks. To 
our readers here contemplating what’s possible: Let’s 
talk. Collaboration is a force multiplier. 

Sanjay Srinivasan 
Director, EMS Energy Institute 
Penn State ■

Letter from the Director
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CONNECT WITH THE EMS ENERGY INSTITUTE

Subscribe to our X (formerly Twitter) feed.  Stay up to date on news from the 
EMS Energy Institute, including student and faculty awards, events, and activities by 
subscribing to our X feed @PennStateEnergy. 

Visit our website. Check energy.psu.edu regularly for Penn State energy-related 
news and events. We also have information on our faculty and their research 
activities, facility descriptions and schematics, and more.
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