pos
t"a'-::.,;'.- SOLAR ro.

ENERGY STORAGE BATTERY COST PER "

WATT

/
1 >
il .

o I
N
| Sn—,
i

il

i >

1 B
i .

.

i

(C) 2025 PV Storage Systems

What are base year costs for utility-scale battery energy storage systems?
Base year costs for utility-scale battery energy storage systems (BESSS)
are based on a bottom-up cost modelusing the data and methodology for
utility-scale BESS in (Ramasamy et al.,2023). 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.

How much does a battery cost? Given the nature of these storage assets,
an energy capacity???based cost comparison is used as opposed to a
power-based one. The results show that the Li-ion battery has the lowest
total annualized $/kWh cost at approximately $74/kWh of any of the
battery energy storage technologies. This is followed by zinc-hybrid
cathode technology at $91/kWh-yr.

How are battery energy storage costs forecasted? Forecast procedures
are described in the main body of this report. C&C or
engineering,procurement,and construction (EPC) costs can be estimated
using the footprint or total volume and weightof the battery energy storage
system (BESS). For this report,volume was used as a proxy for these
metrics.

How much power does a battery energy storage system use? For battery
energy storage systems (BESS),the power levels considered were
1,10,and 100 megawatt(MW),with durations of 2,4,6,8,and 10 hours. For
pumped storage hydro (PSH),100 and 1000 MW systems with 4- and
10-hour durations were considered for comparison with BESS.

What is the bottom-up cost model for battery energy storage systems?
Current 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 (Feldman et al.,2021). The bottom-up BESS model
accounts for major components,including the LIB pack,inverter,and the
balance of system (BOS) needed for the installation.
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How much does battery storage cost? For longer-term storage, PSH and
\\'/ CAES give the lowest cost in $/kWh if an E/P ratio of 16 is used at
ﬂﬂ $165/kWh and $104/kWh, respectively, inclusive of BOP and C&C costs,
while their cost is $660/kWh and $417/kWh, respectively at an E/P ratio of
4.1 Hence, even at the low E/P ratio of 4, they are competitive with battery
storage technologies.

= .-

i

battery energy storage technologies (BESS)???lithium-ion batteries,
lead-acid batteries, redox flow batteries, sodium-sulfur batteries,
sodium-metal halide batteries, and zinc-hybrid cathode batteries???four
non-BESS storage systems???pumped storage hydropower, flywheels

N This paper defines and evaluates cost and performance parameters of six

E car use case: a conventional car uses typically between 50 and 100
kwh fossil fuel for 100 kilometer (km). An electric car (E-car) uses
approximately 15 kWh for 100 km. Hence a battery of 45 kWh offers a
range of almost 300 km. A production capacity of 1 TWh can sustain
production of 22 million such cars yearly, at a capacity cost of 4500 Euro

i A

per car battery when the ???

From backup power to bill savings, home energy storage can deliver
"""""""""""""""" various benefits for homeowners with and without solar systems. And
UKW w2y while new battery brands and models are hitting the market at a furious
L ’ pace, the best solar batteries are the ones that empower you to achieve

your specific energy goals. In this article, we"ll identify the best solar

Commercial and Industrial ESS
[re—

batteries in ???

A fully installed solar system typically costs $3 to $5 per watt before
incentives like the 30% tax credit are applied. Using this measurement,
5,000 Watt solar system (5 kW) would have a gross cost between $15,00

,r and $25,000. local level, many city governments, municipal utilities, and
investor-owned utilities have incentives for solar
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INTEGRATED DESIGN

We often reference the cost-per-watt ($/W) of solar to compare the value
of a quote against the national average. According to the most recent data
from the EnergySage Marketplace, the average cost-per-watt across the
U.S. is around $2.75/W before incentives. Your state-level average

cost-per-watt will be a more relevant benchmark, but those numbers vary
??7?

Current 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 (Feldman et al., 2021). ???

Solar battery cost: overview. Your solar battery storage price could be as
low as $200 or as high as $15,000 per battery. The amount that you pay

will vary based on the chemistry of the battery and its features. There can
be quite a bit of variability in solar batteries" prices.

Cost and Performance Assessment provided installed costs for six energy
storage technologies: lithium-ion (Li-ion) batteries, lead-acid batteries,
vanadium redox flow batteries, pumped storage hydro, compressed-air
energy storage, and hydrogen energy storage.

With solar panels priced between $2.40 and $3.60 per watt, the total cost
of your system rises in proportion to the energy it must generate. Type of
Panels The selection of solar panels affects the material costs of your
solar system, ranging from $0.90 to $1.50 per watt.
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To transition towards low-carbon energy systems, we need low-cost
energy storage. Battery costs have been falling quickly. To transition
towards low-carbon energy systems, we need low-cost energy storage. In
1991 you could only get 200 watt-hours (Wh) of capacity per liter of

= battery. You can now get over 700 Wh. That's a 3.4-fold increase.

(BNEF, 2019a) and should be consistent with battery cost assumptions for
* Power Conversion
1 the residential and utility-scale markets. Table 1. Commercial and

_pemaes
l Eraoem——
SR ——

: Industrial LIB Energy Storage Systems: 2022 Cost Benchmark Model
= Inputs and Assumptions (2021 USD)

— The underlying battery costs in (Ramasamy et al., 2022) come from
} =

} o
(-

As a contrast, a 10 kWh AGM battery can only deliver 3.5 MWH total
- energy, less than 1/10 of the LFP battery. The Fortress LFP-10 is priced at
$ 6,900 to a homeowner. As a result, the energy cost of the LFP-10 is
— i around $ 0.14/kWh ($ 6900/47MWH = $ 0.14/kWh). While a 10 kWh
sty N AGM's energy cost is $ 0.57/kWh, 3.5 times more!

Large-Scale Storage Solutions: For utility-scale renewable energy

I projects, the cost per kwWh of battery storage is a pivotal factor. Lower

: costs enable more efficient energy storage, making renewable sources
J more reliable and comparable to traditional energy sources.
J

7
1 |

Energy Storage Grand Challenge Cost and Performance Assessment
2020 December 2020 2020 Grid Energy Storage Wh watt-hour . cost.

’L'_ . While flow battery SBOS is expected to be slightly greater than lead-acid
el due to lower specific
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A typical home needs about 11.4 kilowatt-hours (kWh) of battery storage
to provide backup for its most critical electrical devices. In 2024, a battery
with that capacity costs $9,041 after federal tax credits based on
thousands of quotes through EnergySage.

The Gambit Energy Storage Park is an 81-unit, 100 MW system that
provides the grid with renewable energy storage and greater outage
protection during severe weather. Homer Electric installed a 37-unit, 46
MW system to increase renewable energy capacity along Alaska's rural
Kenai Peninsula, reducing reliance on gas turbines and helping to

Price ??? What is the cost per Watt Hour (Price/Amps x battery voltage)
??? Example (Current Battleborn Price) ??? $874/1,200Wh = .73/Wh.
Price is always a consideration for me, although not always the main
priority. the Lion Energy ???

The cost per watt of solar panels is the price of generating 1 watt of
electricity using solar panels: $3-$5 per watt for residential and $2-$4 for
commercial. Battery Storage and Energy Resilience. Battery storage
systems allow homeowners to store excess solar energy for later use,
even during power outages and periods of no sun. While

This report defines and evaluates cost and performance parameters of six
battery energy storage technologies (BESS) (lithium-ion batteries,
lead-acid batteries, redox flow batteries, sodium ???
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Price ??? What is the cost per Watt Hour (Price/Amps x battery voltage)

‘ﬁ/\ Pr— ??? Example (Current Battleborn Price) ??? $874/1,200Wh = .73/Wh.
"h ,r; Price is always a consideration for me, although not always the main
EE
9, i priority. the Lion Energy battery's thick plastic case is still reliable and
\"/,

sufficient for stationary environments that don"t have

In order to differentiate the cost reduction of the energy and power
components, we relied on BNEF battery pack projections for utility-scale
plants (BNEF 2019, 2020a), which reports ??7?

They tend to be the most efficient and cost anywhere from $1 and $1.50
— per watt on $2.40 and $3.60 per watt, the more energy your solar but
f . - also come with a battery storage system. Some
ER

s
-

These data also show that the Energy Commission's assumed $3-per-watt
average for the installed cost of PV systems in newly constructed The
Energy Commission did not consider battery storage replacement costs
because these devices are not prescriptive requirements and are optional
under the 2019 Standards. C4 Photovoltaic Mandate ;

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ - Lower module cost per watt; Reductions in PV system labor and BOS

¢ material, shipping, and warehousing costs; "U.S. Solar Photovoltaic
System and Energy Storage Cost Benchmarks, With Minimum
Sustainable Price Analysis: Q1 2023." Golden, CO: National Renewable
Energy Laboratory, 2023. https:// Utility-Scale Battery Storage
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sources without new energy storage resources. 2. There is no
rule-of-thumb for how much battery storage is needed to integrate high
levels of renewable energy. Instead, the appropriate amount of grid-scale
battery storage depends on system-specific characteristics, including: ???
The current and planned mix of generation technologies

Current 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 2021), FOM costs are estimated at 2.5% of the capital
costs in dollars per kilowatt. Future Years: In the 2021 ATB, the FOM
costs and VOM costs remain constant at the values listed

For battery energy storage systems (BESS), the analysis was done for
systems with rated power of 1, 10, and 100 megawatts (MW), with
duration of 2, 4, 6, 8, and 10 hours. For PSH, 100 and ???

The primary one is energy storage, typically in the form of battery packs.
Excess power charges batteries during the day that can be used later. et
al., "U.S. Solar PV System and Energy Storage Cost Benchmark,"
NREL/TP-6A20-77324 This value is achieved if module cost per watt in
2030 is 30% less than in 2020 and import tariffs expire.

Based on our bottom-up modeling, the Q1 2021 PV and energy storage
cost benchmarks are: $2.65 per watt DC (WDC) (or $3.05/WAC) for
residential PV systems, 1.56/WDC (or $1.79/WAC) for commercial rooftop
PV systems, $1.64/WDC (or $1.88/WAC) for commercial ground-mount
PV systems, $0.83/WDC (or $1.13/WAC) for fixed-tilt utility-scale PV
systems, $0.89/WDC (or ???
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o~ Gg';ggmgf{';vss Battery energy storage systems using lithium-ion technology have an
fli | % % average price of US$393 per kWh to US$581 per kWh. While production
" % f[ - costs of lithium-ion batteries are decreasing, the upfront capital costs can
i —r= be substantial for commercial applications.
VU L i | PP
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