First-principles techno-economic analysis of Long Duration
Energy Storage
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Net Load
(Consumption — Generation)

The need for energy storage

Variable Renewable Energy (VRE) fluctuations over many timescales

Guerra, Omar J. “Beyond Short-Duration Energy Storage.” Nature Energy (2021) https://doi.org/10/gjwh76.
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Albertus et al. “Long-Duration Electricity Storage Applications, Economics,
and Technologies.” Joule (2020):. https://doi.org/10/gg6vfx.
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Oliver et al. “Projecting the Future Levelized
Cost of Electricity Storage Technologies.”

COSt P rOj e Ct i O n S Joule (2019): https://doi.org/10/gf8tkh.

Predictions with current technologies and learning curves (i.e. no research intervention)
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Energy Storage systems
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Levelized Cost of Storage

Extra cost of storing electricity (n = efficiency)
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Energy capacity capital most important for long duration
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What Cy /5, (energy capital cost) is needed?

[$/kwh]

LCOS

What combination of Cyyp, Cew. QN nepr are possible to achieve 0.1$/kWh LCOS?

1h < 10%-
our 10 hours 100 hours E
—
Ckwh @
NRrT -
— 100% =
— 1000—— &
100 50% k;Vh S
| 100—— g 1031
; kwh £ 10
o
s
] 10—
| kWh S
Lk , =
100 10! 102 >
Discharge Duration [h] g 102 L~ —
100° 103
G FOr 100 hours Cppyp <10 —kj,h
= [or 10 hours Cpwp <100 %

& ~& U.S. DEPARTMENT OF 'I NATIONA

| EN ERG CTNG
7 ' Tl ECHN

9 4 LABORA

requency (discharges per year)




Technology Down Selection: Material Energy Capital Cost Cyxyyn mat

Crwnmat < ~10$/kWh as a criterion for long duration (~100 hours) fundamental viability
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Eliminating technologies for long duration

Supercapacitors:
pg Limited

Material Energy Cost ($/kWh)

Saleem et al. 2016

SMES = Superconducting Magnetic
EDLC = Electric Double Layer Capacitor
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Storing pressurized gas in caverns
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Thermomechanical storage

Two Main Variants:

. , : Thermal storage is
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Material capital cost ($/kWh)

Thermal energy storage media with Cyxy/n mat
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(Electro)Chemical technologies

Chemical energy with electrochemical tfransformation at electrode

Coupled Energy/Power
(e.g. Lithium-ion battery)
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(Electro)Chemical storage media Cyyyn mar < 10 —— i
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Promising Technologies

Hours per discharge
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,  Pumped thermal energy storage (PTES) with cheap thermal storage
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* Metal air batteries
4 i
Daily (<10 hours): Many discharges to payback capital, efficiency is key.
! e Lithium ion likely to not be out-competed in near term
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Oliver et al. “Projecting the Future Levelized
Cost of Electricity Storage Technologies.”
‘| 6 Joule (2019): https://doi.org/10/gf8tkh.
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Summary

Determined key long
duration energy storage

figure of merit
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Noutlifetime

Performed an

extensive search for
storage media with
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