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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.

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. Battery variable operations and maintenance costs,

lifetimes, and efficiencies are also discussed, with recommended values selected based on the publications

surveyed.

The 2020 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.

The 2022 Cost and Performance Assessment provides the levelized cost of storage (LCOS). The two metrics

determine the average price that a unit of energy output would need to be sold at to cover all project costs

inclusive of taxes, financing, operations and maintenance, and others.

Cost and performance metrics for individual technologies track the following to provide an overall cost of

ownership for each technology: cost to procure, install, and connect an energy storage system; associated

operational and maintenance costs; and; end-of life costs.

The battery storage technologies do not calculate LCOE or LCOS, so do not use financial assumptions.

Therefore all parameters are the same for the R& D and Markets &  Policies Financials cases.

The 2023 ATB represents cost and performance for battery storage across a range of durations (2-10 hours). It

represents lithium-ion batteries (LIBs) - primarily those with nickel manganese cobalt (NMC) and lithium iron

phosphate (LFP) chemistries - only at this time, with LFP becoming the primary chemistry for stationary

storage starting in 2021. There are a variety of other commercial and emerging energy storage technologies; as

costs are characterized to the same degree as LIBs, they will be added to future editions of the ATB.

Battery cost and performance projections in the 2023 ATB are based on a literature review of 14 sources

published in 2021 or 2022, as described by Cole and Karmakar(Cole and Karmakar, 2023). Three projections

for 2022 to 2050 are developed for scenario modeling based on this literature.

For a 60MW 4-hour battery, the technology-innovation scenarios for utility-scale BESS described above result

in CAPEX reductions of 18% (Conservative Scenario), 37% (Moderate Scenario), and 52% (Advanced

Scenario) between 2022 and 2035. The average annual reduction rates are 1.4% (Conservative Scenario),

2.9% (Moderate Scenario), and 4.0% (Advanced Scenario).
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Between 2035 and 2050, the CAPEX reductions are 4% (0.3% per year average) for the Conservative

Scenario, 22% (1.5% per year average) for the Moderate Scenario, and 31% (2.1% per year average) for the

Advanced Scenario.

Projected Utility-Scale BESS Costs: Future cost projections for utility-scale BESS are based on a synthesis of

cost projections for 4-hour duration systems as described by(Cole and Karmakar, 2023). The share of energy

and power costs for batteries is assumed to be the same as that described in the Storage Futures

Study(Augustine and Blair, 2021). The power and energy costs can be used to determine the costs for any

duration of utility-scale BESS.

Definition:The bottom-up cost model documented by(Ramasamy et al., 2022)contains detailed cost

components for battery-only systems costs (as well as batteries combined with PV). Though the battery pack

is a significant cost portion, it is a minority of the cost of the battery system. The costs for a 4-hour

utility-scale stand-alone battery are detailed in Figure 3.
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