
Battery energy storage cost per
kilowatt-hour

Are battery energy storage systems worth the cost?

Battery Energy Storage Systems (BESS) are becoming essential in the shift towards renewable energy,

providing solutions for grid stability, energy management, and power quality. However, understanding the

costs associated with BESS is critical for anyone considering this technology, whether for a home, business, or

utility scale.

 

How much does a 4 hour battery system cost?

Figure ES-2 shows the overall capital cost for a 4-hour battery system based on those projections, with storage

costs of $245/kWh, $326/kWh, and $403/kWh in 2030 and $159/kWh, $226/kWh, and $348/kWh in 2050.

 

Why do we use units of $/kWh?

We use the units of $/kWh because that is the most common way that battery system costs have been

expressed in published material to date. The $/kWh costs we report can be converted to $/kW costs simply by

multiplying by the duration (e.g.,a $300/kWh,4-hour battery would have a power capacity cost of $1200/kW).

 

Does battery cost scale with energy capacity?

However,not all componentsof the battery system cost scale directly with the energy capacity (i.e.,kWh) of the

system (Ramasamy et al. 2022). 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 scale with both power and energy.

 

How much does a lithium ion battery cost?

The price of a lithium-ion battery pack dropped to 139 U.S. dollars per kilowatt-hourin 2023,down from over

160 dollars per kilowatt-hour a year earlier.

 

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.

Lithium-ion battery pack prices dropped 20% from 2023 to a record low of $115 per kilowatt-hour, according

to analysis by research provider BloombergNEF (BNEF). ... "The price drop for battery cells this year was ...

As of recent data, the average cost of commercial &  industrial battery energy storage systems can range from

$400 to $750 per kWh. Here''s a breakdown based on technology: It''s important to ...

relative to the published values. Figure ES-2 shows the overall capital cost for a 4-hour battery system based

on those projections, with storage costs of $124/kWh, $207/kWh, and $338/kWh in 2030 and $76/kWh,

$156/kWh, and $258/kWh ...
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Base Year: The Base Year cost estimate is taken from (Feldman et al., 2021) and is currently in 2019$..

Within the ATB Data spreadsheet, costs are separated into energy and power cost estimates, which allows

capital costs to be constructed ...

Benefits of Investing in Commercial &  Industrial Battery Energy Storage. Despite the costs, investing in

commercial &  industrial battery energy storage can offer numerous benefits: Energy Cost Savings: By storing

energy during off-peak times and using it during peak demand periods, businesses can significantly reduce

energy costs.

Lithium-ion battery pack price dropped to 115 U.S. dollars per kilowatt-hour in 2024, down from over 144

dollars per kilowatt-hour a year earlier. Lithium-ion batteries are one of the most...

The AC-installed price of an energy storage system will fall below $250/kilowatt-hour (kWh) in 2026, making

batteries competitive with the cost of constructing and installing a natural gas peaker plant.

In 2022, volume-weighted price of lithium-ion battery packs across all sectors averaged $151 per

kilowatt-hour (kWh), a 7% rise from 2021 and the first time BNEF recorded an increase in price. Now, BNEF

expects the volume ...

As of 2024, lithium-ion batteries cost an average of $132 per kilowatt-hour (kWh), a significant decrease from

the previous decade. Pumped hydro storage is a method that stores energy by moving water between two

reservoirs at ...

In 2025, you''re looking at an average cost of about $152 per kilowatt-hour (kWh) for lithium-ion battery

packs, which represents a 7% increase since 2021. Energy storage systems (ESS) for ...

The current cost of lithium-ion batteries refers to the price per kilowatt-hour (kWh) for rechargeable batteries

that use lithium ions as a primary component. As of 2023, the average cost is approximately $120 per kWh,

reflecting improvements in technology and supply chain efficiencies. ... Lithium-Ion Battery Costs in Energy

Storage Systems (ESS):

A battery energy storage system used for testing purposes at the National Renewable Energy Laboratory

(NREL) in Golden, Colorado. ... Lithium-ion pack prices dropped 20% from 2023 to a record low of $115 per

kilowatt ...

energy to yield $/rated kilowatt -hour (kWh)-year or by rated power to yield $/rated kilowatt (kW)-year, where

the kWh and kW are rated energy and power of the ESS, respectively. LCOE, on the other hand, measures the

price that a unit of energy output from the storage asset would need to be sold at to cover
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The added value of a MWh of energy storage varies from $2 to $4.5 per MWh of wind energy, which leads to

a breakeven cost range of $50-115 per kWh for the battery systems. As such, energy- and capacity-market

revenues were found to be insufficient in recovering the investment costs of current battery systems for the

applications considered in ...

BNEF analyst Isshu Kikuma discusses trends and market dynamics impacting the cost of energy storage in

2024 with ESN Premium. Around the beginning of this year, BloombergNEF (BNEF) released its annual

Battery ...

Ratio of inverter power capacity to storage battery capacity (Denholm et al., 2017) Battery central inverter

price: $97.5/kW DC : ... The cost per kilowatt hour is lowered dramatically with additional duration.

Therefore, accurately estimating ...

 ATB represents cost and performance for battery storage with a representative system: a 5-kilowatt

(kW)/12.5-kilowatt hour (kWh) (2.5-hour) system. It represents only lithium-ion batteries (LIBs)--those with

nickel manganese cobalt (NMC) and lithium iron phosphate (LFP) chemistries--at this time, with LFP

becoming the primary ...

Energy storage battery system ... As of 2024, lithium-ion batteries cost an average of $132 per kilowatt-hour

(kWh), a significant decrease from the previous decade. B. Pumped Energy Storage. Pumped hydro storage is

a method that ...

BloombergNEF''s annual battery price survey finds a 14% drop from 2022 to 2023. New York, November 27,

2023 - Following unprecedented price increases in 2022, battery prices are falling again this year. The price of

...

Figure ES-2 shows the overall capital cost for a 4-hour battery system based on those projections, with storage

costs of $245/kWh, $326/kWh, and $403/kWh in 2030 and $159/kWh, $226/kWh, and $348/kWh in 2050.

For example, a 4-hour Li-ion battery system has an average capital cost around $304/kWh globally, with

lower costs reported in China (~$198/kWh). Longer Durations (6-8 ...

In 2025, you''re looking at an average cost of about $152 per kilowatt-hour (kWh) for lithium-ion battery

packs, which represents a 7% increase since 2021.Energy storage systems (ESS) for four-hour durations

exceed $300/kWh, marking the ...

Thermal energy storage and compressed air storage are the least expensive LDES technologies, at $232 per

kilowatt-hour and $293 per kWh of capex, respectively, data from the survey shows. For comparison,

lithium-ion ...
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BESS Cost Analysis: Breaking Down Costs Per kWh. To better understand BESS costs, it''s useful to look at

the cost per kilowatt-hour (kWh) stored. As of recent data, the average cost of a BESS is approximately

$400-$600 per kWh. Here''s a simple breakdown: Battery Cost per kWh: $300 - $400; BoS Cost per kWh: $50

- $150; Installation Cost per ...

o Capital costs for all battery systems are presented for battery capital and management systems (expressed in

terms of $/kWh), balance of plant (BOP) ($/kW), power conversion systems (PCS) ($/kW), and construction

and commissioning (C& C) ($/kWh). o PCS costs are estimated to be the same across all battery technologies

except Li-ion. For Li-ion

Solar battery cost varies dramatically across brands. Different companies offer different battery sizes, so the

easiest way to compare costs is to look at the price per kilowatt-hour (kWh). Kilowatt-hours measure the

capacity ...

Battery Energy Storage Systems (BESS) have become a cornerstone technology in the pursuit of sustainable

and efficient energy solutions. ... As of 2024, the price range for residential BESS is typically ...

BESS Cost Analysis: Breaking Down Costs Per kWh. To better understand BESS costs, it''s useful to look at

the cost per kilowatt-hour (kWh) stored. As of recent data, the ...

The levelized cost of energy storage is the minimum price per kWh that a potential investor requires in order

to break even over the entire lifetime of the storage facility. ... U.S. cents per kWh ...

The switch to solar energy and battery storage is an exciting step towards sustainability and energy

independence. 04 April 2025. Guide Solar. ... However, a more precise way to assess their value is by using

the &#163;/kWh ...

The energy storage industry has expanded globally as costs continue to fall and opportunities in consumer,

transportation, and grid applications are defined. As the rapid evolution of the industry continues, it ...
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