
ANNUAL ENERGY STORAGE COST

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 gravity based energy storage cost?

Looking at 100 MW systems,at a 2-hour duration,gravity-based energy storage is estimated to be over

$1,100/kWhbut drops to approximately $200/kWh at 100 hours. Li-ion LFP offers the lowest installed cost

($/kWh) for battery systems across many of the power capacity and energy duration combinations.

What are the different types of energy storage costs?

The cost categories used in the report extend across all energy storage technologies to allow ease of data

comparison. Direct costs correspond to equipment capital and installation, while indirect costs include EPC

fee and project development, which include permitting, preliminary engineering design, and the owner's

engineer and financing costs.

How long does energy storage last?

For example, pumped storage hydro (PSH) and compressed-air energy storage (CAES) primarily serve

longer durations, but a duration of 4 hours at power levels of 100 MW and 1,000 MW are included to provide

a comparison point at a shorter duration with other technologies and capture uses in projects developed in

the past.

How much does a non-battery energy storage system cost?

Non-battery systems,on the other hand,range considerably more depending on duration. Looking at 100 MW

systems,at a 2-hour duration,gravity-based energy storage is estimated to be over $1,100/kWh but drops to

approximately $200/kWh at 100 hours.

Which energy storage technologies are included in the 2020 cost and performance assessment?

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.
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Base Year: In the 2024 ATB, base year costs are

modeled with a combination of the National

Renewable Energy Laboratory's (NREL''s)

bottom-up cost models for gigawatt-scale

fixed-bottom projects, but we only present floating

offshore wind energy costs in 2030 and beyond

when the first gigawatt-scale projects could feasibly

be built in the United 
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Although Al???air batteries may play a very

important role in this seasonal and annual energy

storage approach, two main issues of this battery

technology need to be addressed for the realization

of APCS with  The combination of a low-cost,

high-energy-density Al???air battery with

inert-anode-based Al electrolysis is a promising

approach to 

(C) 2025 Solar Energy Resources 2 / 10 Web: https://www.gebroedersducaat.nl



ANNUAL ENERGY STORAGE COST

Annual O& M costs are estimated to be $ 408,993 in

Year 1 .  Overall, on a $ /kWh basis, PSH and

CAES are the most cost-effective energy storage

technologies evaluated within this report. However,

PSH is a more mature technology with much higher

performance with regards to usable life, RTE, and

other parameters. 

The Installed Capacity of Energy Storage and EES

in China. From 2016 to 2020, the energy storage

industry in China steadily expanded, with the

installed capacity rising from 24.3 GW in 2016 to

35.6 GW in 2020.

For this analysis, capacity and energy payments are

represented as average annual values over the

assumed cost-recovery period of 30 years for new

battery storage in a particular online year, and are

expressed as real 2021 dollars per kilowatt ($/kW).
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Lazard undertakes an annual detailed analysis into

the levelized costs of energy from various

generation technologies, energy storage

technologies and hydrogen production methods.

Below, the Power, Energy & Infrastructure Group

shares some of the key findings from the 2023

Levelized Cost of Energy+ report. Levelized Cost of

Energy: Version 16.0

In recent years, analytical tools and approaches to

model the costs and benefits of energy storage

have proliferated in parallel with the rapid growth in

the energy storage market. Some analytical tools

focus on the technologies themselves, with methods

for projecting future energy storage technology

costs and different cost metrics used to compare

storage system designs. Other ???

abundance, low cost, and easy storage of Al

metal,[6,7] as well as the high energy density of Al

air batteries (8100 Wh kg Al 1),[8,9]  this seasonal

and annual energy storage approach, two main

issues of this battery technology need to be

addressed for the realization of APCS with high

round-trip energy efficiencies (RTEs).[10]
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Annual Technology Baseline. Cost and performance

assumptions for renewable and conventional

technologies.  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. (2021).

cost and performance estimates are presented for

2018 and projected out to 2025. Annualized costs

were also calculated for each technology.

Keywords: energy storage; energy economics;

batteries; lithium-ion; pumped storage hydro;

compressed air energy storage; flywheels;

ultracapacitors; combustion turbines 1. Introduction

Costs for utility -scale battery energy storage

systems (BESS) are based on a bottom -up cost

model using the data and methodology for  Nuclear

and biopower plants Values from Annual Energy

Outlook (EIA 2022) are reported.  Step 3: Calculate

Levelized Cost of Energy ( LCOE a) Levelized

CostofEnergy = Fixed ChargeRate x Capital 
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Annual Energy Outlook 2021. Levelized cost of

electricity (LCOE) refers to the estimates of the

revenue required to build and operate a generator

over a specified cost recovery period. Levelized

avoided cost of electricity (LACE) is the  models

battery storage in energy arbitrage applications

where the storage technology provides energy

Annual Energy Outlook 2023 with projections to

2050. March 16, 2023 # AEO2023.  50% lower oil

and gas resource recovery and 50% higher drilling

costs relative to the Reference case.  Negative

generation represents charging of energy storage

technologies such as pumped hydro and battery

storage. Hourly dispatch estimates are

for current costs. Due to intra-annual uncertainty,

the reported costs may have changed by the time

this report was released. The cost estimates

provided in the report are not intended to be exact 

current and near-future costs for energy storage

systems (Doll, 2021; Lee & Tian, 2021).
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Annual Energy Outlook April 2023 . U.S.

Department of Energy . Washington, DC 20585 . 

The levelized cost of storage (LCOS) represents the

average revenue per unit of electricity discharged

that would be required to recover the costs of

building and operating a battery storage facility

during an

This inverse behavior is observed for all energy

storage technologies and highlights the importance

of distinguishing the two types of battery capacity

when discussing the cost of energy storage. Figure

1. 2021 U.S. utility-scale LIB storage costs for

durations of 2???10 hours (60 MW DC) in $/kWh.

EPC: engineering, procurement, and construction

NOTICE This work was authored by the National

Renewable Energy Laboratory, operated by Alliance

for Sustainable Energy, LLC, for the U.S.

Department of Energy (DOE) under Contract No.

DE -AC36-08GO28308.
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Levelized Costs of New Generation Resources in

the Annual Energy Outlook 2022.  Beginning with

AEO2021, we include estimates for the levelized

cost of storage (LCOS). Although LCOE, LCOS,

and LACE do not fully capture all the factors

considered in NEMS, when used together as a

value-cost ratio (the ratio of LACE-to-LCOE or

LACE-to-LCOS 

Energy Storage Cost Benchmarks: Q1 2021.

Vignesh Ramasamy, David Feldman, Jal Desai, and

Robert Margolis . NREL is a national laboratory of

the U.S. Department of Energy Office of Energy

Efficiency & Renewable Energy Operated by the

Alliance for Sustainable Energy, LLC .

One of the big advantages of CSP plants (over

photovoltaics) is their ability to couple with thermal

energy storage (TES) systems. At present,

considering an average storage cost of 22 US$/kWh

th for the commercial thermal energy storage

system in CSP plants, the cost of TES systems for

utility scale applications is still ?? 1/4 30???150

times lower than that of electricity ???
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Because the projections in the Annual Energy

Outlook typically begin 2 years after the ATB Base

Year, costs for the missing years (including the

Base Year) are backward-extrapolated from the

Annual Energy Outlook projection.  "U.S. Solar

Photovoltaic System and Energy Storage Cost

Benchmarks, With Minimum Sustainable Price

Analysis: Q1 

D. Feldman, et al., "U.S. Solar PV System and

Energy Storage Cost Benchmark,"

NREL/TP-6A20-77324 (2021).  lifetime extends until

the system's annual energy production drops below

80% of its initial value. Residential PV modules are

1.6 ??? 1.8 m 2 so a single person can carry them,

with 1.63 m 2 used here as typical. Includes inverter

Solar energy is typically transported via power grids

and stored primarily using electrochemical storage

methods such as batteries with Photovoltaic (PV)

plants, and thermal storage technologies (fluids)

with Concentrated Solar Power (CSP) plants. Why

is it hard to store solar energy?
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Technically, you can store solar energy through

mechanical or thermal energy storage, like pumped

hydro systems or molten salt energy storage

technologies, but these storage options require a lot

of space, materials, and moving parts. Overall, not

the most practical way to store energy for a home.

Understanding the full cost of a Battery Energy

Storage System is crucial for making an informed

decision. From the battery itself to the balance of

system components, installation, and ongoing

maintenance, every element plays a role in the

overall expense. By taking a comprehensive

approach to cost analysis, you can determine

whether a BESS is 

U.S. Energy Information Administration | Cost and

Performance Characteristics of New Generating

Technologies 1 .  Annual Energy Outlook 2023

These tables are also published in the Electricity

Market Module chapter in our Annual Energy

Outlook 2023 (AEO2023) Assumptions document.

Table 1.  Battery storage 2023 50 1 $1,270 1.00

$1,270 $0.00 
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