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Clean Energy

How a Technology Similar to Fracking Can
Store Renewable Energy Underground
Without Lithium Batteries

Three Houston startups are using fracking-like techniques to create
underground storage caverns for pressurized water, which when
released drives a turbine to send power to the grid.

By Dylan Baddour w
»  August 27,2024
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to store energy on March 22,2023 in Starr County Santa Elena, Texas. The startup is
testing storing energy in the ground. Credit: Gabriel Cardenas/The Texas Tribune

The rapid buildout of wind and solar power generation has set off a race
for experimental technologies to capture and store that energy. Several
startups in Houston say they’ve developed ways to cache it
underground, and one just announced its first commercial project.

Sage Geosystems Inc. called its project “the first geothermal energy
storage system to store potential energy deep in the earth and supply
electrons to a power grid” in an Aug. 13 announcement. It plans to
install its system alongside a solar farm in South Texas.

Energy storage enables excess power to be saved for periods of poor
generation so, for example, a solar farm could run a city at night. For
the most part, this race has produced explosive growth for lithium ion
battery technologies and markets, along with a worldwide scramble for
the rare earth minerals they require. But around the edges, a flurry of
startups hopes for emerging technologies to meet the new generation of
storage demands.

Many energy storage technologies are in early stages of development,
including compressed air energy storage, hydrogen-based systems and
various forms of thermal storage. Researchers and investors don’t know
which technologies will end up being viable in terms of costs and ease
of use.

Election 2024

Explore the latest news about what’s at stake for the climate during this
election season.

Read
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In recent years, Texas has quickly become the nation’s top producer of
renewable energy, as well as its top market for utility-scale energy
storage.

“There is a growing need for technologies that can adjust generation
levels to maintain grid stability,” said Yiyi Zhou, an energy analyst at
BloombergNEF. “The technology Sage is developing has the potential to
be a game changer.”

Sage is not the only startup working in this space. Two other Houston-
based companies, Fervo Energy and Quidnet Energy, also claim
proprietary technology they plan to use for geothermal energy storage
and generation. All three plan to inject water underground at high
pressure.

The system works like this: Electricity from solar farms, wind turbines
or other forms of renewable energy is used to pump water into specially
created underground caverns or reservoirs, where it can be stored
under pressure. When the electricity is needed, valves sealing the
underground cavern are opened, sending the pressurized stored water
back up to the surface, where it will turn a turbine to generate power.

“This form of pressurized water storage is very novel, and to our
knowledge, companies like Sage Geosystems, Quidnet Energy and
Fervo Energy are all pioneering this new technology,” said Chetan
Krishna, head of research and development at Third Derivative, a
climate-focused startup accelerator.

Pressurized water is an old idea. The innovation, Krishna said, is the
process for creating underground reservoirs to hold it. While traditional
geothermal energy projects typically need natural subterranean
systems of caverns, these companies say they can make their own
caverns almost anywhere. In addition to energy storage, all three
companies also hope to develop geothermal power generation using the
same techniques.
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Sage’s process, which it calls its Geopressurized Geothermal System
(GGS), resembles hydraulic fracturing for oil and gas, according to the
company’s chief geoscientist, Mike Eros, but at about a tenth the scale
and intensity. Instead of a fleet of compressors, it uses a heavy mineral
mud, a wider well and gravity to punch a vertical fracture in rock
thousands of feet below the surface.

The system uses the excess renewable energy from solar, wind or
geothermal plants to pump water into these fractures at high pressure
and then releases it when it is needed. According to Eros, the system
can store energy with 75 percent efficiency for up to 10 hours, and can
jettison a nine-inch stream of water at 5,000 pounds per square inch to
turn a generator turbine.

“We call it an Earth battery,” said Eros, who previously worked 12 years
at ExxonMobil. “Compressed water energy.”

He said the main risks of the system were groundwater contamination
and the creation of “runaway fractures” in the ground. Sage took
precautions to mitigate these risks, Eros said, such as detailed
geological mapping to avoid injection into existing faults.

In a related development on Monday, executives from Sage and
Facebook’s parent company Meta, and officials from the U.S.
Department of Energy, announced that the companies will use Sage’s
GGS technology to create geothermal energy “virtually anywhere.”

“Hot dry rock is a vastly abundant resource compared to traditional
hydrothermal formations, making Sage’s GGS technology a highly
scalable approach with the potential for rapid expansion across the U.S.
and globally,” the companies said in a joint press release issued after
their announcement at DOE’s Catalyzing Next Generation Geothermal
Development Workshop in Washington.

Meta plans to use Sage’s GGS technology “to provide carbon-free power
to Meta’s data centers,” the companies said, but didn’t specify where.
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The first commercial project using GGS for geothermal energy storage
will be built on land leased from the San Miguel Electric Cooperative in
Christine, Texas, and linked to a solar farm there. It will enable Sage to
buy power during peak production, store it and sell it back to the grid at
night.

Unlike the plans Sage announced with Meta generating geothermal
heat, the first storage project will use only pressure, Eros said, because
“we have to walk before we run.” Later, more advanced storage efforts,
he said, would involve geothermal heat.

Ultimately, the economic viability of these systems will depend on how
its costs stack up against lithium ion batteries, the most popular new
form of energy storage.

Five years ago, lithium ion batteries accounted for less than 4 percent of
U.S. energy storage. In June of this year, after millions of battery
installations, they made up more than 40 percent, according to data
from the Department of Energy, and they could surpass 50 percent by
the year’s end.

Batteries are supplementing the most traditional method of energy
storage, called pumped hydro, in which water is pumped uphill during
peak generation, then allowed to flow downhill and turn power turbines
during peak energy demand.

Storage duration has been a limiting factor for batteries, however. Most
utility-scale batteries in the U.S. work best for up to four hours of
storage. Newer systems are achieving six to eight hours, but at a higher
cost.

The technologies will ultimately be judged according to a metric called
the levelized cost of storage. According to calculations from the Third
Derivative accelerator, lithium ion batteries can achieve six hours of
storage at an average levelized cost of $72 per megawatt hour.
Meanwhile, Sage claims up to 10 hours of storage at $100 per megawatt
hour when combined with solar generation.
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“That’s certainly better than where lithium ion battery storage is,” said
Ramanan Krishnamoorti, vice president of energy and innovation at
the University of Houston. “This company has obviously made a
breakthrough here.”

It remains unclear if the storage technology will hold up on the market.
Lithium ion batteries are making rapid advancements, and researchers
are developing alternative materials that could drastically change the
equation, Krishnamoorti said. Still, there may be room for multiple
systems in the fast-growing market for energy storage.

“Each will be an important contribution to solving energy storage
needs,” said Lisa Biswal, associate dean of engineering at Rice
University in Houston. “I'm excited, as a researcher in the area of
energy, to be able to see commercial deployment of grid-scale lithium
battery systems as well as geothermal.”

Researchers and investors will be watching closely to see if Sage’s
projected storage times and costs hold up in its first commercial project.
Last year, Sage demonstrated the technology in a non-commercial
pilot.

“The technology has really only come together in the last few years to
make it practical,” said Ken Wisian, an associate director of the Bureau
of Economic Geology at the University of Texas who worked with Sage
on a previous project. “The main thing holding it back is getting the
first commercial project up and running.”

If the project goes well, Wisian suggested that geothermal energy
storage could follow a similarly steep rate of deployment in Texas as
wind, solar and battery projects have recently.

“It’s gone from almost no interest to suddenly a commercial project in a
very short time,” he said. “One of my dreams is to see one of these
energy storage wells drilled next to every wind generator in the state.”
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About This Story

Perhaps you noticed: This story, like all the news we publish, is
free to read. That’s because Inside Climate News is a 501c3
nonprofit organization. We do not charge a subscription fee, lock
our news behind a paywall, or clutter our website with ads. We
make our news on climate and the environment freely available
to you and anyone who wants it.

That’s not all. We also share our news for free with scores of other
media organizations around the country. Many of them can’t
afford to do environmental journalism of their own. We’ve built
bureaus from coast to coast to report local stories, collaborate
with local newsrooms and co-publish articles so that this vital
worKk is shared as widely as possible.

Two of us launched ICN in 2007. Six years later we earned a
Pulitzer Prize for National Reporting, and now we run the oldest
and largest dedicated climate newsroom in the nation. We tell
the story in all its complexity. We hold polluters accountable. We
expose environmental injustice. We debunk misinformation. We
scrutinize solutions and inspire action.

Donations from readers like you fund every aspect of what we
do. If you don’t already, will you support our ongoing work, our
reporting on the biggest crisis facing our planet, and help us
reach even more readers in more places?

Please take a moment to make a tax-deductible donation. Every
one of them makes a difference.
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Dylan Baddour

Reporter, Austin

Dylan Baddour covers the energy sector and environmental justice in Texas. Born in
Houston, he’s worked the business desk at the Houston Chronicle, covered the U.S.-
Mexico border for international outlets and reported for several years from Colombia
for media like The Washington Post, BBC News and The Atlantic. He also spent two
years investigating armed groups in Latin America for the global security department
at Facebook before returning to Texas journalism. Baddour holds bachelor’s degrees in
journalism and Latin American studies from the University of Texas at Austin. He has
lived in Argentina, Kazakhstan and Colombia and speaks fluent Spanish.
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Bigger and Less Expensive: A Snapshot of U.S. Rooftop Solar
Power and How It’s Changed

New data from Lawrence Berkeley Lab shows clear trends in median solar size and
pricing.
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