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What are energy storage technologies?
Energy storage technologies,store energy either as electricity or heat/cold,so it can be used at a later time.
With the growth in electric vehicle sales,battery storage costs have fallen rapidly due to economies of scale
and technology improvements.

What are energy storage cost metrics?

Cost metrics are approached from the viewpoint of the final downstream entity in the energy storage
project,ultimately representing the final project cost. This framework helps eliminate current inconsistencies
associated with specific cost categories (e.g.,energy storage racks vs. energy storage modules).

Why is it important to compare energy storage technologies?

As demand for energy storage continues to grow and evolve,it is critical to compare the costs and
performanceof different energy storage technologies on an equitable basis.

Are energy storage systems cost estimates accurate?
The cost estimates provided in the report are not intended to be exact numbersbut reflect a representative

cost based on ranges provided by various sources for the examined technologies. The analysis was done for
energy storage systems (ESSs) across various power levels and energy-to-power ratios.
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Energy storage systems are essential in modern

ggﬂ energy infrastructure, addressing efficiency, power
3?‘; quality, and reliability challenges in DC/AC power
T — = systems. Recognized for their indispensable role in
ensuring grid stability and seamless integration with
renewable energy sources. These storage systems
h T T prove crucial for aircraft, shipboard systems, and
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estimate is taken from Ramasamy et al.
(Ramasamy et al., 2022) and is currently in 2021
USD. Within the ATB Data spreadsheet, costs are
separated into energy and power cost estimates,
which allows capital costs to be calculated for
durations other than 4 hours according to the
following equation:

Base year costs for utility-scale battery energy
storage systems (BESS) are based on a bottom-up
cost model using the data and methodology for
utility-scale BESS in (Ramasamy et al., 2022). The
bottom-up BESS model accounts for major
components, including the LIB pack, the inverter,

B and the balance of system (BOS) needed for the
|__ = | installation.
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Renewable energy is now the focus of energy
development to replace traditional fossil energy.
Energy storage system (ESS) is playing a vital role
in power system operations for smoothing the
intermittency of renewable energy generation and
enhancing the system stability. But the VRB
features high energy capital cost ($500/kWh), low
energy

LDES technologies can offer more than a 10
percent reduction in the costs of deeply
decarbonized electricity systems if the storage
energy capacity cost (the cost to increase the size
of the bathtub) remains under the threshold of
$20/kilowatt-hour. This value could increase to 40
percent if energy capacity cost of future
technologies is

Each form of energy storage has its own challenges
and advantages. In comparing the costs of energy
storage systems, experts consider the cost of the
system, its lifetime before it needs to be replaced,
and the amount of energy lost between charging
and discharging the system. Time will tell which
technologies emerge as widely adopted solutions.
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current and near-future costs for energy storage
systems (Doll, 2021; Lee & Tian, 2021). Note that
since data for this report was obtained in the year
2021, the comparison charts have the year 2021 for
current costs. In addition, the energy storage
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o The development of a techno-economic model for

- the assessment of the cost of flywheel energy
storage systems for utility-scale stationary
applications. Sustainable Energy Technologies and
..... ‘ Assessments, Volume 47, 2021, Article 101382.

Technology costs for battery storage continue to
drop quickly, largely owing to the rapid scale-up of
battery manufacturing for electric vehicles,
stimulating deployment in the power sector. The
rapid scaling up of energy storage systems will be
critical to address the hour???to???hour variability
of wind and solar PV electricity generation
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Certainly, large-scale electrical energy storage
systems may alleviate many of the inherent
inefficiencies and deficiencies in the grid system,
and help improve grid reliability, facilitate full
integration of intermittent renewable sources, and
effectively manage power generation. Electrical
energy storage offers two other important
advantages.

== $/kWh. However, not all components of the battery
system cost scale directly with the energy capacity
(i.e., kWh) of the system (Feldman et al. 2021). For
example, the inverter costs scale according to the
power capacity (i.e., kW) of the system, and some
cost components such as the developer costs can
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Energy storage systems are key technology
components of modern power systems. Among
various types of storage systems, battery energy
storage systems (BESSs) have been recently used
for various grid applications ranging from generation
to end user [1], [2], [3].Batteries are advantageous
owing to their fast response, ability to store energy
when ??7?

The MITEI report shows that energy storage makes
deep decarbonization of reliable electric power
systems affordable. "Fossil fuel power plant
operators have traditionally responded to demand
for electricity ??7? in any given moment ??7? by
adjusting the supply of electricity flowing into the
grid,” says MITEI Director Robert Armstrong, the
Chevron Professor ???

Energy storage systems (ESS) are continuously
expanding in recent years with the increase of
renewable energy penetration, as energy storage is
an ideal technology for helping power systems to
counterbalance the fluctuating solar and wind
generation [1], [2], [3]. The generation fluctuations
are attributed to the volatile and intermittent
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Battery electricity storage systems offer enormous
deployment and cost-reduction potential, according
to the IRENA study on Electricity storage and
renewables: Costs and markets to 2030. By 2030,
total installed costs could fall between 50% and

60% (and battery cell costs by even more), driven
by optimisation of manufacturing facilities
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This study shows that battery electricity storage
[ ] - systems offer enormous deployment and
cost-reduction potential. By 2030, total installed

costs could fall between 50% and 60% (and battery
???

Current Year (2021): The 2021 cost breakdown for
the 2022 ATB is based on (Ramasamy et al., 2021)
and is in 2020$. Within the ATB Data spreadsheet,
costs are separated into energy and power cost

estimates, which allows capital costs to be
constructed for durations other than 4 hours
according to the following equation:. Total System
Cost ($/kW) = Battery Pack Cost ???
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The technology for storing thermal energy as
sensible heat, latent heat, or thermochemical
energy has greatly evolved in recent years, and it is
expected to grow up to about 10.1 billion US dollars
by 2027. A thermal energy storage (TES) system
can significantly improve industrial energy efficiency
and eliminate the need for additional energy supply
in commercial ??7?

Electrical energy storage systems (EESS) for
electrical installations are becoming more prevalent.
EESS provide storage of electrical energy so that it
can be used later. The approach is not new: EESS
in the form of battery-backed uninterruptible power
supplies (UPS) have been used for many years.
EESS are starting to be used for other purposes.

Energy is essential in our daily lives to increase
human development, which leads to economic
growth and productivity. In recent national
development plans and policies, numerous nations
have prioritized sustainable energy storage. To
promote sustainable energy use, energy storage
systems are being deployed to store excess energy
generated from renewable ???
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The results indicate that integrating the microgrid
resulted in a significant 51% reduction in energy
cost and a decrease in greenhouse gas emissions
by 530 kgCO2e per hour. [12][13] Battery

Energy storage systems act as virtual power plants
by quickly adding/subtracting power so that the line
frequency stays constant. FESS is a promising
technology in frequency regulation for many
reasons. Energiestro [114] promotes a flywheel
made of concrete, claims that it "will decrease by a
factor of ten the cost of energy storage”.

Flywheel Energy Storage Systems convert
electricity into rotational kinetic energy stored in a
spinning mass. The flywheel is enclosed in a
cylinder and contains a large rotor inside a vacuum
to reduce drag. reducing strain on the grid and
minimizing spikes in electricity costs. Energy
storage can help prevent outages during extreme
heat or
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This inverse behavior is observed for all energy

...................

"f\._w‘
4 ) storage technologies and highlights the importance
E
= of distinguishing the two types of battery capacity
- PP when discussing the cost of energy storage. Figure

1. 2019 U.S. utility-scale LIB storage costs for
durations of 2?2?10 hours (60 MW DC) in $/kWh.
] Fwww EPC: engineering, procurement, and construction
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