Could grid-scale energy storage be the

How can States accelerate grid-scale energy storage innovation?

Important state policy options to accelerate grid-scale energy storage mnovq_,
TR A

ambitious overall targets for deploymentwhile also setting subtargets

Li-ion batteries.

Can long-duration energy storage help secure a carbon-free electric grid? %ﬂ

Researchers evaluate the role and value of long-duration energy storage technologies in securing a
carbon-free electric grid.

What is the future of energy storage?

Storage enables electricity systems to remain in balance despite variations in wind and solar availability,
allowing for cost-effective deep decarbonization while maintaining reliability. The Future of Energy Storage
report is an essential analysis of this key component in decarbonizing our energy infrastructure and
combating climate change.

What policies make sense for grid-scale energy storage?

Policies that make sense for the states as well as the federal government include expanding support for
demonstration projects and early deployment and providing financial assistance to help grid-scale energy
storage hardware innovators overcome barriers to scaling up.

Why do we need a co-optimized energy storage system?

The need to co-optimize storage with other elements of the electricity system,coupled with uncertain climate

change impacts on demand and supply,necessitate advances in analytical tools to reliably and efficiently
plan,operate,and regulate power systems of the future.
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MIT engineers have uncovered a new way of
creating an energy supercapacitor by combining
cement, carbon black and water that could one day
be used to power homes or electric vehicles, reports
Jeremy Hsu for New Scientist.. "The materials are
available for everyone all over the place, all over the
world," explains Prof. Franz-Josef Ulm.

Energy storage is the capture of energy produced at
one time for use at a later time. Without adequate
energy storage, maintaining an electric grid's
stability requires equating electricity supply and
demand at every ??7?

MIT spinout 247Solar is building high-temperature,
concentrated solar power systems that use
overnight thermal energy storage to provide
round-the-clock power and industrial-grade heat.
The systems can be used as standalone microgrids
for communities or to provide power in remote
places like mines and farms.
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The MIT researchers have input data for nine
regional grids???including electricity demand
profiles and available wind and solar
resources???plus 10 generating and energy storage
technologies. The user enters a targeted carbon
emissions cap, and the model calculates the
minimum-cost combination of available technologies
that will meet that cap.

The MIT Energy Initiative's (MITEI) Affordable
multiday energy storage is key to reliable grid
decarbonization due to the variable nature of
renewable energy sources and the growing impacts
of severe weather on electricity supply and demand.
But battery-based multiday storage can be

T -l challenging due to high costs and large space
m =
| requirements.

Mowry, Andrew, and Dharik Mallapragada (2021),
"Grid Impacts of Highway Electric Vehicle Charging
and the Role for Mitigation via Energy Storage." MIT
CEEPR Working Paper 2021-003, February 2021.
White House. 2021. "Remarks by President Biden
at Signing of Executive Order on Strengthening

American Manufacturing".

(C) 2025 Solar Energy Resources 3/12 Web: https://www.gebroedersducaat.nl



ENERGY STORAGE FOR THE GRID SOLAR

MIT

+PRODUCT INFORMATION +

oM Taxrree T N =1
ENERGY STORAGE SYSTEM

(C) 2025 Solar Energy Resources

The Future Energy Systems Center serves as a
single point of entry into MITEI and the MIT energy
research community at large. As a
member-supported consortium, the Center
continues MITEI's long history of working with
companies throughout the energy sector. A key
concern for grid operators regarding energy storage
assets is their ability

Its energy density is slightly lower than today's
lithium-ion batteries. "It's a creative and interesting
new concept that could potentially be an
ultra-low-cost solution for grid storage," says Venkat
Viswanathan, an assistant professor of mechanical
engineering at Carnegie Mellon University who
studies energy-storage systems.

Lithium-ion batteries could compete economically
with these natural-gas peakers within the next five
years, says Marco Ferrara, a cofounder of Form
Energy, an MIT spinout developing grid storage
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Energy Storage for Frequency Regulation on the
Electric Grid by Olivia Leitermann S.B.,
Massachusetts Institute of Tech.(2005) S.M.,
Massachusetts Institute of Tech.(2008) the
MIT-Portugal Program in collaboration with the
Funda,c??ao para a Ci??encia e a Tecnologia
(FCT) of Portugal, and the

Researchers evaluate the role and value of
long-duration energy storage technologies in
securing a carbon-free electric grid. Fulltext search.
Sort As a postdoc at MIT and a researcher with the
MIT Energy Initiative (MITEI), he worked with a
team over several years to investigate what mix of
energy sources might best accomplish this goal

The MIT researchers have input data for nine
regional grids???including electricity demand
profiles and available wind and solar
resources???plus 10 generating and energy storage
technologies. The user ???
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Electric vehicles could soon boost renewable
energy growth by serving as "energy storage on
wheels" ??? charging their batteries from the power
grid as they do now, as well as reversing the flow to
send power back and provide support services to
the grid, finds new study by researchers at the MIT
Energy Initiative.

Lock-in on Li-ion batteries is already making it
difficult for producers of alternative storage
technologies to survive, much less continue to
innovate and scale up. Public policy-makers should
take action to build on the opportunities and mitigate
the risks identified by these two interpretations of
the near future of grid-scale energy storage.

The MIT Energy Initiative's Future of Energy
Storage study makes clear the need for energy
storage and explores pathways using VRE
resources and storage to reach decarbonized
electricity systems efficiently by 2050.
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Offering clean energy around the clock. MIT spinout

= , 247Solar is building high-temperature concentrated
~ A solar power systems that use overnight thermal
L ”—‘i || energy storage to provide power and heat. April 30,

2024. Read full story ???

MIT engineers have come up with a conceptual
design for a system to store renewable energy, such
as solar and wind power, and deliver that energy
back into an electric grid on demand. also estimate
that the system would cost about half as much as
pumped hydroelectric storage ??? the cheapest
form of grid-scale energy storage to date.
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In a new paper published in Nature Energy,
Sepulveda, Mallapragada, and colleagues from MIT
and Princeton University offer a comprehensive cost
and performance evaluation of the role of
long-duration energy storage (LDES) technologies
in transforming energy systems. LDES, a term that
covers a class of diverse, emerging technologies,
can respond
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Cambridge-based MIT startup Ambiri is building a
novel liquid metal battery for grid-level storage to
revolutionize energy in the 21st century. The
Cambridge, Mass., company started in an MIT
laboratory with Professor Donald Sadoway and
David Bradwell MNG "06 PhD "11. The former had
a concept to overhaul energy storage; the latter
needed a

Other energy storage technologies???such as
thermal batteries, which store energy as heat, or
hydroelectric storage, which uses water pumped
uphill to run a turbine???are also gaining interest,
as engineers race to find a form of storage that can
be built alongside wind and solar power, in a
power-plus-storage system that still costs less than

SUPPORT REAL-TIME ONLINE
MONITORING OF SYSTEM STATUS

Thermal Energy Grid Storage (TEGS) is a low-cost
(cost per energy <$20/kwh), long-duration,
grid-scale energy storage technology which can
enable electricity decarbonization through greater
penetration of renewable energy. The storage
technology acts like a battery in which electricity
flows in and out of the system as it charges and
discharges.
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Powering the energy transition with better storage
MIT and Princeton researchers evaluate the role
and value of long-duration energy technologies in
securing a carbon-free electric grid. Leda
Zimmerman March 29, 2021 MITEI. carbon-free
grid,” says Jenkins, the researchers found that the
parameter that matters the most is energy storage

For their study, the researchers ??? Mallapragada,
a research scientist at the MIT Energy Initiative;
Nestor Sepulveda SM"16, PhD "20, due to
competition between storage resources for the
same set of grid services. As storage penetration
increases, most of its economic value is tied to its
ability to displace the need for investing in

MIT Study on the Future of Energy Storage iii Study
participants Study chair Robert Armstrong Chevron
Professor, Department of Chemical Engineering,
MIT example???while maintaining grid reliability.
Efficient decarbonization will require substan-tial
investments in multiple energy storage
technologies, as well as in transmission, clean
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Energy Storage for the Grid: An MIT Energy
Initiative Working Paper April 2018 1This paper was
initially prepared for an expert workshop on energy
storage hosted by the MIT Energy Initiative (MITEI)
on December 7-8, 2017. The authors thank the
participants for their comments during the workshop
and on the initial draft of the paper.

A decade ago, the committee planning the new MIT
Energy Initiative approached Donald Sadoway,
MIT's John F. Elliott Professor of Materials
Chemistry, to take on the challenge of grid-scale
energy storage. At the time, MIT research focused
on the lithium-ion battery ??? then a relatively new
tech-nology.

In brief One challenge in decarbonizing the power
grid is developing a device that can store energy
from intermittent clean energy sources such as solar
and wind generators. Now, MIT researchers have
demonstrated ???
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In the coming decades, renewable energy sources
such as solar and wind will increasingly dominate

WORKING PRINCIPLE

the conventional power grid. Because those sources

only generate electricity when it's sunny or windy,
ensuring a reliable grid ??? one that can deliver
power 24/7 ?7?7? requires some means of storing
electricity when supplies are abundant and

e H ! ! .; = f delivering it later ???

National and global plans to combat climate change
include increasing the electrification of vehicles and
the percentage of electricity generated from
renewable sources. But some projections show that
these trends might require costly new power plants
to meet peak loads in the evening when cars are
plugged in after the workday. What's more,

overproduction ???

Since that development, the team has been
designing an energy storage system that could
incorporate such a high-temperature pump. "Sun in
a box" Now, the researchers have outlined their
concept for a new renewable energy storage
system, which they call TEGS-MPV, for Thermal

‘ Energy Grid Storage-Multi-Junction Photovoltaics.
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In the coming decades, renewable energy sources
such as solar and wind will increasingly dominate
the conventional power grid. This is because those
sources only generate electricity when it's sunny or
windy, ensuring a reliable grid ??? one that can
deliver power 24/7 ??? requires some means of
storing electricity when supplies are abundant and

Tf_ delivering it later ???
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