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FIVE STEPS TO ENERGY STORAGE fi
INNOVATION INSIGHTS BRIEF 3 TABLE OF
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This makes them ideal for bridging power gaps
lasting from a few seconds to a few minutes,
compared to the longer duration energy storage and
output offered by batteries. Combining the two into a
hybrid battery meets both the long- and short-term
needs and reduces battery stress, resulting in a
longer life.
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While the term long-duration energy storage (LDES)
is often used for storage technologies with a
power-to-energy ratio between 10 and 100 h, 1 we
introduce the term ultra-long-duration energy
storage (ULDES) for storage that can cover
durations longer than 100 h (4 days) and thus act

i like a firm resource. Battery storage with current

‘ energy
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Short-Duration Energy Storage. Short-duration
energy storage (SDES) assets are intended to

provide energy for a few milliseconds up to four
hours. SDES applications can be limited due to
inherent discharge limitations or because
economics don"t support durations beyond 4 hours.
Further, as many SDES technologies are intended
for short
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Energy storage is key to the transition to greener
systems. Beyond batteries a?? new energy storage
options. 30/3/2022. 6 min read. Feature. Heat;
Cooling; Electricity storage (TMES) systems. These
are considered the way forward for longer-duration
storage, offering high reliability, durability and long
lifetimes. They can also deliver
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Technical Report: Moving Beyond 4-Hour Li-lon
Batteries: Challenges and Opportunities for
Long(er)-Duration Energy Storage This report is a
continuation of the Storage Futures Study and
explores the factors driving the transition from
recent storage deployments with 4 or fewer hours to
—3 deployments of storage with greater than 4 hours.

integration of high shares of solar PV and wind
R power sources requires energy storage beyond the
rw‘ ) short-duration timescale, including long-duration
(discharge duration >10 hours and <100 hours) and
seasonal (discharge duration >100 hours) energy
storage (Fig. a?|

Short-term energy storage demand is typically
defined as a typical 4-hour storage system, referring
to the ability of a storage system to operate at a
capacity where the maximum power delivered
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0.J. Guerra, Beyond short-duration energy storage.
Nat. Energy 6, 460a??461 (2021) Article Google
Scholar O. Schmidt, S. Melchior, A. Hawkes, I.
Staffell, Projecting the future levelized cost of
electricity storage technologies. Joule 3, 81a??100
(2019) Article Google Scholar
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Long-duration energy storage (LDES) is a potential
solution to intermittency in renewable energy
generation. Beyond short-duration energy storage.
Omar J. Guerra; Nature Energy News & Views 07

Another similarly straightforward approach to
valuing storage beyond the optimization time frame
is to add some foresight (also often called a
look-ahead window) The short-duration energy
storage reserve provision is between 3 % and 54.3
% for the EVT-LA-MT dispatch approach. These

b-j«'u%iﬂ o results, which assume perfect foresight for the
[ o day-ahead
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Long-duration energy storage technologies can be a
solution to the intermittency problem of wind and
solar power but estimating technology costs
remains a challenge. New research identifies a?|

Beyond short-duration energy storage. Omar J.
Guerra () Additional contact information Abstract:
Long-duration energy storage technologies can be a
solution to the intermittency problem of wind and
solar power but estimating technology costs
remains a challenge. New research identifies cost
targets for long-duration storage technologies to

A Nature Energy "News & Views" article by National

Renewable Energy Laboratory (NREL) research
I_] engineer Omar J. Guerra describes research needs
for longer-duration and seasonal energy storage
solutions.The article, titled "Beyond short-duration
energy storage,” reviews important practical
implications of a research article contributed by
Nestor A. a?|
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The Next Generation Energy Storage System.
Embracing the next generation of energy storage
demands a paradigm shift a?? a departure from a

narrow reliance on lithium-ion technology and move
towards a comprehensive "value stacking" approach

=i that harnesses various uses beyond storing
= renewable energy.

This paper analyzes data reported in the literature
for both short- and long-term storage for renewable
energy. The analysis suggests that a 12-h storage,
totaling 5.5 TWh capacity, can meet more than 80
% of the electricity demand in the US with a proper
mixture of solar and wind generation.

Short duration energy storage is already supporting
the grid, but continued deployment of variable
renewable energy may push the requirement
beyond the energy storage systems that exist today.
To support a growing reliance on variable

renewable energy, LDES systems will play a key
role in offering dispatchable backup power that can
be deployed
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Long(er)-Duration Energy Storage Paul Denholm,
Wesley Cole, and Nate Blair National Renewable
Energy Laboratory Suggested Citation Denholm,
Paul, Wesley Cole, and Nate Blair. 2023. Moving
Beyond 4-Hour Li-lon Batteries: Challenges and
Opportunities for Long(er)-Duration Energy Storage.
Golden, CO: National Renewable Energy
Laboratory.

For instance, explores the design spaces for
long-duration energy storage, Thus, maybe it is
time to look beyond the cost reduction paradigm
and short-term profit focus - to develop technology
that leads to lower system cost and winning the
market of the future. The market potential method
could contribute to this.

Beyond Four Hours: Potential Long-Duration
Energy Storage. DOE-OE Peer Review . October
25, 2023. P. Denholm. NREL | 2. Motivation -
Recent Storage Installations. 99.8% of capacity in
2021 -2022 listed as declining capacity credit for
short duration storage. a?c Two likely causes:
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The report specifically builds on the first publication
in the Storage Futures Study series, The Four
Phases of Storage Deployment: A Framework for
the Expanding Role of Storage in the U.S. Power
System, that established a conceptual framework of
roles and opportunities for new, cost-competitive
stationary energy storage over the course of four

Long-duration energy storage systems offer stable
energy output ranging from 10 hours to days,
weeks, and even seasons, providing enhanced grid
reliability compared to short-duration energy storage
systems. 39 LDES systems have been around for
decades, most notably in the form of pumped
storage hydropower systems.

Beyond Phase II: Long-Duration Storage
Technologies 18. Pumped Hydro Storage. 19.
Hydrogen Storage. 22. Compressed Air Energy
Storage. 24. Markets and Revenues 26. This is
more than double the average cost of standard
short-duration energy storage, while nonstorage
energy is even cheaper. But in a crisis, prices paid
on the open market
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Long Duration Energy Storage Council The Long
Duration Energy Storage Council is a group of
companies consisting of technology providers,
energy providers, and end users whose focus is to
replace fossil fuels with zero carbon energy storage
to meet peak demand. In their report titled "Net-zero

Power: Long Duration Energy Storage for a
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