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• Grid Energy Storage
• Short Duration

• ~ms to hour
• Mid Duration (MDES)

• ~hourly to daily
• Multi-Day Long Duration

• multi-day ~10 times per
year

• Seasonal Long Duration
• Once per year for ~3

months

Electric Grid Energy Storage Use Case

Long Duration Energy Storage (LDES)
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• U.S. grid has ~200 GWh storage capacity (2023)
• Energy storage need increases with additions of renewables

• lack of current LDES market demand
• greatest LDES need comes if renewables > ~80% of grid
• potentially ~150x more grid energy storage capacity in

future than today
• LDES demand could be decades away

Data source for chart: EIA18and GESDB17

https://www.sciencedirect.com/science/article/pii/S2949790623000071?via%3Dihub#bib17


• LCOS based on price
arbitrage
• Neglect capacity

payments (possible
future market)

• Note: ‘decoupled’
LDES systems desired

• Energy capital costs
drive LCOS for large
systems with long
duration discharges
and low CF. (LDES)

• Use storage material
costs to determine if
storage system could
be viable.

Levelized Cost of Storage (LCOS)

LDES Techno-Economic Analysis
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Energy Storage Material Cost Data Approach
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For best case for energy storage

Determine energy storage 
materials cost as:

• Use first principles to determine
maximum case energy density, 𝜌𝜌𝐸𝐸,
for a given material and form of
energy storage

• Accumulate bulk material
prices, 𝐶𝐶𝑛𝑛𝑚𝑚𝑚𝑚, from markets and
price databases

Determine target cost of the energy storage materials to yield a LCOS of 0.05 USD/kWh



Technologies are potentially viable if below target cost lines for applications

Energy Storage Material Cost Results
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• Most storage
systems potentially
viable for MDES

• For multi-day LDES,
select synthetic
fuels, sensible
thermal,
thermomechanical,
latent thermal,
coupled battery,
and flow battery
potentially viable

• Less systems can
work for seasonal
LDES
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@NationalEnergyTechnologyLaboratory
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CONTACT:

Thank You

Rigel.Woodside@netl.doe.gov

Corresponding Publication:
https://doi.org/10.1016/j.crsus.2023.100007

Supporting Codes & Data: 
energy-storage-analysis/LDES-Survey: v1.0 
(zenodo.org)
LDES-Survey/cap_cost/data_consolidated at main · 
energy-storage-analysis/LDES-Survey (github.com)
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