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What is the market for grid-scale battery storage?

The current market for grid-scale battery storage in the United States a
chemistries(Figure 1).

How do you calculate grid-scale battery costs? ' %
Grid-scale battery costs can be measured in $/kW or $/kWh terms. Thinking in kW terms is more helpful for
modelling grid resiliency. A good rule of thumb is that grid-scale lithium ion batteries will have 4-hours of
storage duration,as this minimizes per kW costs and maximizes the revenue potential from power price
arbitrage.

Why is grid-scale battery storage important?

Grid-scale storage,particularly batteries,will be essential to manage the impact on the power gridand handle
the hourly and seasonal variations in renewable electricity output while keeping grids stable and reliable in
the face of growing demand. Grid-scale battery storage needs to grow significantly to get on track with the
Net Zero Scenario.

Are battery storage costs based on long-term planning models?

Battery storage costs have evolved rapidly over the past several years, necessitating an update to storage
cost projections used in long-term planning models and other activities. This work documents the
development of these projections, which are based on recent publications of storage costs.

Will grid-scale battery storage grow in 20227

Grid-scale battery storage in particular needs to grow significantly. In the Net Zero Scenario,installed

grid-scale battery storage capacity expands 35-fold between 2022 and 2030 to nearly 970 GW. Around
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170GW of capacity is added in 2030 alone,up from 11GWin 2022.

Estimating the Storage Cost In "Estimating the Cost
of Grid Scale Lithium -lon Battery Storage in India "
By Lawrence Berkeley National Laboratory (LBNL
2020) the study estimates costs for utility-scale
lithium-ion battery systems through 2030 in India
based on recent U.S. power -purchase agreement
(PPA)

For system operators, battery storage systems can
provide grid services such as frequency response,
regulation reserves and ramp rate control. It can
also defer investments in peak generation and grid
reinforcements. Utility-scale battery storage systems
can enable greater penetration of variable
renewable energy into the grid by storing the

Air Cooling
Energy Storage System

Such results can help focus today's disparate efforts
on designs with the most promise, speeding

development of this grid-scale battery for the energy
transition. In the coming decades, renewable energy

sources such as solar and wind will increasingly
dominate the conventional power grid. Levelized
ng;”” cost of storage as a function of
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Highlights Zn-MnO2 batteries promise safe, reliable
energy storage, and this roadmap outlines a
combination of manufacturing strategies and
technical innovations that could make this goal
achievable. Approaches such as improved
efficiency of manufacturing and increasing active

material utilization will be important to getting costs
as low as $100/kWh, but ???

Figure 1. Recent & projected costs of key grid- scale
standalone storage technologies for 4- hr storage
duration in India, China, & the US ..6 Figure 2.
Estimated current & projected LCOS of key grid-
scale storage technologies in India .. 7 Figure 3.

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,
and the balance of system (BOS) needed for the
installation.

System Layout
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' As with all battery technology, the cost of grid-scale
battery storage is decreasing, making it a more

. economically viable option for grid operators.

A L ! According to Bloomberg NEF's annual battery price

survey, lithium-ion battery pack prices, which were
above $1,200 per kilowatt-hour (kWh) in 2010, fell
89% in real terms to $132/kWh in 2021

Grid-Scale Battery Storage. Frequently Asked
Questions. 1. For information on battery chemistries
and their relative advantages, see Akhil et al. (2013)
and Kim et al. (2018). 2. in the costs of battery
technology, have enabled BESS to play an .
increasing role in the power system in recent years.
As prices for BESS

The levelized cost of storing electricity depends
highly on storage type and purpose; as
subsecond-scale frequency regulation,
minute/hour-scale peaker plants, or day/week-scale

season storage. [67] [68] [69] Using battery storage
??7?
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Utility-scale battery storage systems will play a key
role in facilitating the next stage of the energy
transition by enabling greater shares of VRE. For
system operators, battery storage systems can
provide grid services such as frequency response,
regulation reserves and ramp rate control.

In this work we describe the development of cost
and performance projections for utility-scale
lithium-ion battery systems, with a focus on 4-hour
duration systems. The projections are ???
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Here, we focus on the lithium-ion battery (LIB), a

[

- "type-A" technology that accounts for >80% of the
, grid-scale battery storage market, Suppose we
& have reached US$200/kWh battery cost, then

US$200 trillion worth of batteries (10x US GDP in
2020) can only provide 1000 TWh energy storage,
""p“ = or 3.4 quads. As the US used 92.9 quads of
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For example, a lithium ion battery might cost around
$150/kWh ($600/kW), but a grid-scale lithium ion
battery is shown at $300/kWh ($1,200/kW).
Utilization also strongly determines the costs of
grid-scale storage. A nice simplifying assumption for
benchmarking different batteries is that they might
be lucky to charge and discharge precisely

It is important, for example, to distinguish grid scale
or grid edge battery storage systems. In addition,
the choice of energy storage technology will depend
on which services the storage will
provide???addressing local short temporal
imbalances, or regional imbalances, or rather
seasonal imbalances. , storage of low-cost power
and

Current costs for utility-scale battery energy storage
systems (BESS) are based on a bottom-up cost
model using the data and methodology for Mongird,
Kendall, Vilayanur Viswanathan, Jan Alam, Charlie
Vartanian, Vincent Sprenkle, and Richard Baxter.
"2020 Grid Energy Storage Technology Cost and
Performance Assessment." USDOE, December
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also gathering momentum, with the scale-up of EV
deployment and the drive to lower battery costs.
The cost of an EV battery fell by 73% between 2010
and 2016 (BNEF, 2017), and, at the end of 2016,
the total stock of electric cars reached 2 million after
having gone beyond the level of 1 million in 2015
(OECD/ IEA, 2017).

In Fig. 2 it is noted that pumped storage is the most
dominant technology used accounting for about
90.3% of the storage capacity, followed by EES. By
the end of 2020, the cumulative installed capacity of
EES had reached 14.2 GW. The lithium-iron battery
accounts for 92% of EES, followed by NaS battery
at 3.6%, lead battery which accounts for about
3.5%, ???

Battery storage is transforming the global electric
grid and is an increasingly important element of the
world's transition to sustainable energy. To match
global demand for massive battery storage projects
like Hornsdale, Tesla designed and engineered a
new battery product specifically for utility-scale
projects: Megapack .
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Grid-scale battery storage balances supply and
demand, improves dependability, lowers costs, and
ultimately offers a sustainable energy solution.
Barriers to Grid Energy Storage There are some
obstacles standing in the way of increased adoption
of grid ???
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When we scale unsubsidized U.S. PV-plus-storage
PPA prices to India, accounting for India's higher
financing costs, we estimate PPA prices of Rs.
3.0??73.5/kWh (4.3???5?/kWh) for about 13% of
PV energy stored in the battery and installation
years 2021???2022.

Battery Storage in the United States: An Update on
Market Trends. Release date: July 24, 2023. This

battery storage update includes summary data and
visualizations on the capacity of large-scale battery

storage systems by region and ownership type,
battery storage co-located systems, applications
served by battery storage, battery storage
installation costs, and small-scale ??7?
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Utility-scale battery storage is also playing a
( ) significant role in the operation of the electric grid,

[ < providing cost savings, environmental benefits, and
new flexibility. Find out what solar + batteries cost in
your area in 2024. ZIP code * Please enter a
five-digit zip code.

Utility-scale battery storage is beneficial when

o w1 paired with renewable resources like solar or wind
/ . farms. While these renewables are fantastic
' m 4 & resources for producing affordable clean energy,
i they can be unpredictable when weather patterns
° I change.

Over the next 10-15 years, 4-6 hour storage system

i h' - is found to be cost-effective in India, if agricultural
r i ]mmm (or other) load could be shifted to solar hours 14

I
||

*
o

Co-located battery storage systems are
cost-effective up to 10 hours of storage, when
compared with adding pumped hydro to existing
hydro projects. For new builds, battery storage is
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With certain models, one can account for the capital
cost of a defined system and ??? based on the
system's projected performance ??? the operating
costs over time, generating a total cost discounted
over the system's lifetime. That result allows a
potential purchaser to compare options on a

- "levelized cost of storage" basis.
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