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Overview

**Review commercially emerging long-duration energy storage.

To mitigate climate change, there is an urgent need to transition the energy
sector toward low-carbon technologies [1,2] where electrical energy storage
plays a key role to integrate more lo.

2.1. Methodologyln selecting which technologies to compare, electricity-in-
electricity-out technologies were prioritized. Energy storage technologies ca.

To clarify several terms in Table 2, Table 3, Land Use/Footprint refers to the
overall system, including support structures. Roundtrip Efficiency is the overall
efficiency of energy enterin.

In this paper, we present various emerging LDES technologies, from
conventional PSH and compressed air energy storage technologies, to
innovative gravity storage and TPV technol.

How do you compare long-duration energy storage technologies (LDEs)?

Review commercially emerging long-duration energy storage technologies
(LDES). Compare equivalent efficiency including idle losses for long duration
storage. Compare land footprint that is critical to market entry and project
deployment. Compare capital cost-duration curve.

What are long-duration energy storage technologies?

In this paper, we loosely define long-duration energy storage technologies as
ones that at minimum can provide inter-day applications. Long-duration
energy storage projects usually have large energy ratings, targeting different
markets compared with many short duration energy storage projects.

Can long-duration energy storage transform energy systems?
In @ 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.
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How does the technology landscape affect long-duration energy storage?

The technology landscape may allow for a diverse range of storage
applications based on land availability and duration need, which may be
location dependent. These insights are valuable to guide the development of
long-duration energy storage projects and inspire potential use cases for
different long-duration energy storage technologies.

Can energy storage technology help a grid with more renewable power?

Energy storage technologies with longer durations of 10 to 100 h could enable
a grid with more renewable power, if the appropriate cost structure and
performance—capital costs for power and energy, round-trip efficiency, self-
discharge, etc.—can be realized.

How long should an electricity storage system last?
Although the majority of recent electricity storage system installations have a
duration at rated power of up to ~4 h, several trends and potential

applications are identified that require electricity storage with longer durations
of 10 to ~100 h.
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Long-duration energy storage technologies

House of Lords

Source: Parliamentary Office of Science and
Technology, Longer duration energy storage,
POSTnote 688, December 2022. Lond Duration
Energy Storage Council, Net-zero power--Long
duration energy storage for a renewable grid
(November 2021):
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Long-Duration Energy Storage

The Long-Duration Energy Storage (LDES)
portfolio will validate new energy storage
technologies and enhance the capabilities of
customers and communities to integrate grid
storage more effectively. DOE defines LDES as
storage systems capable of delivering electricity
for 10 or more hours in duration.

Net-zero heat: Long-duration energy
storage to accelerate

Thermal energy storage has the potential to
greatly contribute to decarbonizing global heat
and power, while helping to ensure the energy
system operates affordably, reliably, and
efficiently. As efforts to decarbonize the global
energy system gain momentum, attention is

= = turning increasingly to the role played by one of
the most vital of goods: heat. . Heating and ...

Powering the energy transition with better
storage

MIT researchers have analyzed the role of long-

duration energy storage technologies and found
that large storage systems have the potential to
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lower electricity prices ...

Storage Futures Study

descriptions, and that power sector stakeholders
be deliberate in how they choose to define long-
duration energy storage technologies. The SFS
series provides data and analysis in support of
the U.S. Department of Energy's Energy Storage
Grand Challenge, a
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Long-Duration Electricity Storage
Applications, Economics, and Technologies

storage technologies may address the long-
duration electricity storage cost and performance
framework, and efforts are accelerating to
identify and develop the most promising storage
systems. 1University of Maryland, College Park,
MD, USA 2lonic Materials 3

The design space for long-duration energy
storage in

Long-duration energy storage (LDES) is a
potential solution to intermittency in renewable
energy generation. In this study we have
evaluated the role of LDES in ...
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Techno-economic analysis of long-duration
energy storage and ...

Article Techno-economic analysis of long-
duration energy storage and flexible power
generation technologies to support high-variable
renewable energy grids Chad A. Hunter, 1,3 *
Michael M. Penev, Evan P. Reznicek, 1Joshua
Eichman, Neha Rustagi,2 and Samuel

— Net-zero power: Long-duration energy
storage for a

|
= o .

As the world transitions to decarbonized energy
[ systems, emerging long-duration energy storage
[
[_]

O —— technologies will be critical for supporting the
A widescale deployment of renewable energy

sources.

Long-duration energy storage: A blueprint
for research and ...

The DOE Long Duration Storage Shot defines NG
"long duration" as >= 10 h of discharge, while \
the Advanced Research Projects Agency-Energy
(ARPA-E) Duration Addition ...

*

Long Duration Storage Shot

The Long Duration Storage Shot establishes a
target to reduce the cost of grid-scale energy
storage by 90% for systems that deliver 10+

hours of duration within the decade. Energy ...
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Department of Energy Invests $17.9 Million
in Long-Duration Energy

The U.S. Department of Energy (DOE) today

announced $17.9 million in funding for four ol ‘
research and development projects to scale up ‘

American manufacturing of flow battery and long- 1/@& »

duration storage systems. This funding will help Ny -
provide the materials needed to —
Outdoor Cabinet Energy Storage System Energy storage

Grid-scale storage refers to technologies
connected to the power grid that can store
energy and then supply it back to the grid at a
more advantageous time - for example, at night,
when no solar power is available, or during a
weather event that disrupts electricity

A —
150 @
95%0’15

The 5 Most Promising Long-Duration
Storage Technologies Left ...

Long-duration energy storage holds great
potential for a world in which wind and solar
power dominate new power plant additions and
gradually overtake other sources of electricity.

Evaluating emerging long-duration energy
storage technologies

. We review candidate long duration energy

storage technologies that are commercially
mature or under commercialization. We then
compare their modularity, long-term energy
storage capability and

T
‘ 3Phase 400V

Powered by VDB Solar Solutions



& ; & &
- .. .. .-
qy I BT
*F &8
Long duration energy storage: Will BESS
beat other technologies?

Pumped storage is an established long-duration
energy storage technology, with the first plant
coming online in Britain in 1963. There are
currently 4 plants operational in Britain - with a
combined capacity of 2.8 GW and an average
duration of 17 hours.

New scheme to attract investment in
renewable energy storage

The UK is a step closer to energy independence
as the government launches a new scheme to
help build energy storage infrastructure. This
could see the first significant long duration
energy
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Long Duration Energy Storage Technologies
Explained

All Commercially Available Long Duration Energy
Storage Technologies, in One Chart Long
duration energy storage (LDES) technologies can
store electricity for 10+ hours, complementing
intermittent renewables, ...

The value of long-duration energy storage
under ...

4 ?7?- Long-duration energy storage (LDES) is a
key resource in enabling zero-emissions
electricity grids but its role within different types
of grids is not well understood. Using the Switch
capacity
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The Future of Energy Storage , MIT Energy
Initiative

MITEI's three-year Future of Energy Storage
study explored the role that energy storage can
play in fighting climate change and in the global
adoption of clean energy grids. Replacing fossil
fuel-based power generation with power
generation from wind and solar resources is a
key strategy for decarbonizing electricity.
Storage enables electricity systems to remain
in... Read more

Unlocking the potential of long-duration
energy storage: ...

Emerging technologies (e.g., LAES, gravity
storage) Scalable long-duration storage, minimal
geographical constraints, potential for low
environmental impact Still in developmental
phases, uncertainties regarding efficiency and
cost competitiveness [57]

Battery String-S224

+ 1C Charge/Discharge
* Easy configuration and maintenance

- Power supply can be single battery string or parallel battery strings
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Storage Technologies -- Energy Storage
Guidebook

GES can provide long-term energy storage
making it useful for slower, longer-duration
services such as peaking capacity, load
following, and energy arbitrage. Emerging GES
technologies typically use a low-cost and
abundant medium such as sand, concrete

Long-duration energy storage: A blueprint
for research and innovation

The DOE Long Duration Storage Shot defines
"long duration" as >= 10 h of discharge, while
the Advanced Research Projects Agency-Energy
(ARPA-E) Duration Addition to electricitY Storage
(DAYS) program focuses on resources capable of
10-100 h duration.
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Long Duration Storage Shot

The Long Duration Storage Shot establishes a
target to reduce the cost of grid-scale energy
storage by 90% for systems that deliver 10+
hours of duration within the decade. Energy
storage has the potential to accelerate full
decarbonization of the electric grid.

Long-Duration Electricity Storage
Applications, Economics, and ...

Energy storage technologies with longer

durations of 10 to 100 h could enable a grid with
more renewable power, if the appropriate cost

structure and performance--capital costs for
power ...
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Long-Duration Energy Storage to Support
the Grid of the Future

Advancing energy storage is critical to our goals
for the clean energy transition. As we add more
and more sources of clean energy onto the grid,
we can lower the risk of disruptions by boosting
capacity in long-duration, grid-scale storage.

The Future of Energy Storage

into electricity energy storage technologies--
including opportunities for the development of
low-cost, long-duration storage; system modeling
studies to assess the types and roles of storage
in future, deeply-decarbonized, high-VRE grids in
both U.S. regions
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Techno-economic analysis of long-duration
energy storage

Most analyses of long-duration or seasonal
energy storage consider a limited set of
technologies or neglect low-emission flexible
power generation systems altogether. 11, 19, 20
Investigations that focus on flexible power
generation technologies to balance renewables
often overlook seasonal energy storage. 21
Studies that consider both flexible power
generation and ...

Long-duration Energy Storage , ESS, Inc.

Long-duration energy storage (LDES) is the
linchpin of the energy transition, and ESS
batteries are purpose-built to enable
decarbonization. As the first commercial
manufacturer of iron flow battery technology,
ESS is delivering ...

Storage Innovations 2030: Accelerating the
Future of Long Duration

Long Duration Storage Shot Goal for LDES
05¢/kWh LCOS enables dispatchable clean
energy at competitive costs oBusiness as usual
LCOS expectations will not achieve this goal 0
0.050.1 0.15 0.2 0.25 0.3 0.35 0.4 2021 2030
kWh) BAU LCOS Expectations for

T When and Why Is Long Duration Energy
“,_f_“ Storage Technology ...

-

storage, including key player activity, historic
smaller-scale deployments, planned future
projects and announcements up to 2031,
% projects by scale (pilot-, demonstration-,
y commercial-scale), duration of storage by
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Driving to Net Zero Industry Through Long

Duration Energy Storage

Long duration energy storage technologies
paired with renewables could reduce global
industrial greenhouse gas emissions by 65%.
One of the most attractive current applications
for LDES technologies is to support firm
renewable electricity for off grid

Contact Us
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Long-duration energy storage: A blueprint
for research and ...

Commentary Long-duration energy storage: A
blueprint for research and innovation Jesse D.
Jenkinsl,3, *and Nestor A. Sepulveda2, Jesse D.
Jenkins is an assistant professor at Princeton
University in the department of mechanical and
aerospace engineering and
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