
Overview of Office Of 
Electricity’s Storage 
Activities

Nyla Khan
January 2024

Hydrogen Infrastructure Strategies to 
Enable Deployment in High-Impact Sectors



Topics  

Storage landscape and path to 2030
DOE and Office of Electricity (OE)
Energy Storage Grand Challenge (ESGC)
Long Duration Storage Shot (LDSS)
Storage Innovations for reducing energy storage costs
Additional OE Initiatives
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Grid storage deployment is projected to rapidly grow 
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Diverse technology options provide a means to improve the 
resiliency of grid storage supply chains
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Are U.S. suppliers 
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Is the supply chain secure 
b/c material is NOT on the 

proposed or current Critical 
Materials List? OR b/c the 

U.S. does NOT import > 
50%?
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Refined LiOH/ Li2CO3
Refined CoSO4

Refined NiSO4/ C1 Ni
Refined Manganese
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Anode Materials
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Energy Storage 
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Components

Are U.S. suppliers 
competitive in the 

global market?

Is the supply chain secure 
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U.S. does NOT import > 
50%?

Lead
Sulfur

Refined Lead
Sulfuric Acid

Polyolefin
Separator 
Electrolyte

Electrolyte Salts
Electrolyte Solvents
Lead Acid Batteries

Lead Acid ESS
Lead

Product/ 
Components

Are U.S. suppliers 
competitive in the 

global market?

Is the supply chain secure 
b/c material is NOT on the 

proposed or current Critical 
Materials List? OR b/c the 

U.S. does NOT import > 
50%?

Iron
Vanadium

Zinc
Manganese
Sulfuric Acid
Refined Iron

Refined Vanadium
Refined Zinc

Hydrochloric Acid
Graphite

Sulfuric Acid
Polyethylene
Separator -

Polyethylene
Pumps

Heat exchangers
Electrolytes

Iron Flow Batteries/ 
Systems

Vanadium Flow 
Batteries/ Systems
Zinc Flow Batteries/ 

Systems

Flow Battery Supply Chain Risk AssessmentLithium-ion Battery Supply Chain Risk Assessment Lead-acid Battery Supply Chain Risk Assessment

Adapted from DOE Grid Energy Storage Supply Chain Deep Dive Assessment, February 2022; update in progress

No

Yes

Maybe

https://www.energy.gov/sites/default/files/2022-02/Energy%20Storage%20Supply%20Chain%20Report%20-%20final.pdf


DOE supports a variety (30+) of storage technologies

5

B
id

ir
e
c

ti
o

n
a
l 
E

le
c

tr
ic

 S
to

ra
g

e

E
le

c
tr

o
c
h

e
m

ic
a
l

Li-Ion & Li-Metal

Na-Ion

Na-Metal

Lead Acid

Zinc

Other Metals (Mg, Al)

Redox Flow

Reversible Fuel Cells

Electro-Chemical 

Capacitors 

E
le

c
tr

o
m

e
c
h

a
n

ic
a
l Pumped Storage Hydro

Compressed Air

Liquid Air

Flywheels

Geomechanical

Gravitational

T
h

e
rm

a
l 
&

 C
h

e
m

ic
a
l

T
h

e
rm

a
l

High-Temperature Sensible Heat

Phase Change

Low-Temperature Storage

Thermo-Photovoltaic

Thermochemical

C
h

e
m

ic
a
l

Chemical Carriers (e.g., Ammonia)

Hydrogen

F
le

x
ib

le
 G

e
n

e
ra

ti
o

n
 &

 L
o

a
d

s

F
le

x
ib

le
 B

u
il
d

in
g

s

Thermostatically Controlled Loads

Building Mass

Ice & Chilled Water

Organic Phase Change Material 

Salt Hydrate 

Thermochemical 

Desiccant

F
le

x
ib

le
 

G
e
n

e
ra

ti
o

n

Ramping

Behind-the-Meter Generation + Storage

C
ro

s
s
c

u
tt

in
g

P
o

w
e
r 

E
le

c
tr

o
n

ic
s

Power Electronic Systems

DOE Funding Shares by Technology

Li Ion

Na-basedPb Acid
Zinc-based

Redox Flow

Other

Pumped Storage 
Hydro

Compressed / Liquid 
Air

Other E-mech

High Temp Sensible …

Low-Temp

Phase Change

ThermoPV

Ind. Thermo-
chem

Hydrogen

Chemical 
Carriers

Thermostat. Loads

Building Mass

Ice and Chilled Water

Organic PCM 
Salt Hydrate

Building Thermo-chem

Dessicant 
Ramping BTM Gen + 

Store

Electrochemical

Electromechanical

Thermal

Chemical

Flexible 
Buildings

Flexible 
Generation



OE’s Storage Division accelerates bi-directional electrical 
storage as a key component of the future-ready grid
• Applied materials development to identify safe, low-cost, and earth-

abundant elements that enable cost-effective long-duration storage
• Improving storage reliability and safety
• Applying modeling and analysis
• Validating performance for rapid commercialization
• Energy Storage for Social Equity (ES4SE)
• International relationships
• Workforce development
• + more
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The Energy Storage Grand Challenge (ESGC) accelerates 
the development, commercialization, and utilization of 
next-generation storage
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Technology Materials
Components & 

Devices
System Design

Grid & System 

Integration

Supply Chain 

& Manuf.
Operations End of Life

Investment & 

Finance

Markets & 

Value
Workforce

Electro-
chemical

VTO, ARPA-E, 
SC-BES

AMO, VTO, 
ARPA-E

VTO, ARPA-E, 
SETO

AMMTO, VTO AMMTO, 
MESC

OCED VTO

LPO, OTT, 
OCED, 
AMMTO, LPO, 
SETO

OTT, EERE-SA, 
GTO, WPTO, 
SETO, IEDO, 
BTO

AMMTO, VTO, 
OP, OTT

Electro-
mechanical

ARPA-E, WPTO ARPA-E, WPTO ARPA-E, 
WPTO

WPTO WPTO, 
AMMTO

OCED

Thermal ARPA-E, SETO, 
SC-BES, BTO

SETO, BTO SETO, BTO SETO, BTO AMMTO, BTO OCED, SETO SETO

Chemical HFTO, 
SC-BES, ARPA-E 

HFTO HFTO HFTO AMMTO OCED

Power 
Electronics

SC-BES, ARPA-E ARPA-E, 
AMMTO, VTO

AMO, VTO, 
CESER

VTO, CESER AMMTO

Through the ESGC, OE and EERE co-lead grid storage efforts

OE

ARPA-E: Advanced Research Projects Agency–Energy, AMMTO: Advanced Materials and Manufacturing Technologies Office, BTO: Building Technologies Office, FE: Office of Fossil Energy, GTO: Geothermal 
Technologies Office, HFTO: Hydrogen and Fuel Cell Technologies Office, IEDO: Industrial Efficiency and Decarbonization Office, OE: Office of Electricity, OP: Office of Policy, SETO: Solar Energy Technologies 
Office, LPO: Loan Programs Office, SC-BES: Office of Science Basic Energy Sciences, VTO: Vehicle Technologies Office, WETO: Wind Energy Technologies Office, WPTO: Water Power Technologies Office 

OE
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Affordable grid storage for clean power – any time, anywhere

LONG DURATION STORAGE SHOT TARGET

Reduce storage costs by 

90% from a 2020 

Li-ion baseline...

…in storage systems that 

deliver 10+ 

hours of duration

…in 1 decade
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What RD&D pathways get us to the Long Duration Storage 
Shot (LDSS)?
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2030

Long Duration Storage Shot: 
$0.05/kWh 

Levelized Cost of Storage (LCOS)



Target: ≤ 5¢/kWh LCOS
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11DOE 2022 Grid Energy Storage Technology Cost and Performance Assessment

https://www.energy.gov/eere/analysis/2022-grid-energy-storage-technology-cost-and-performance-assessment


OE developed and analyzed Innovation Portfolios for 10 
technologies, including bidirectional hydrogen storage
• Access to capital and financing
• Market opportunities
• Technology validation for industry acceptance 
• Interconnection queues and permitting
• Integrating technologies
• Manufacturing supply chain
• Workforce development
• Standards and codes
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• Hydrogen Storage 
• Lithium-ion
• Lead-acid 
• Flow Batteries
• Zinc Batteries

• Sodium Batteries 
• Pumped Storage Hydropower 
• Compressed-Air Energy Storage 
• Thermal Energy Storage
• Supercapacitors 

10 LDSS Technology Strategy Assessment Reports

DOE Long-Duration Storage Shot Technology Strategy Assessments

https://www.energy.gov/sites/default/files/2023-09/11_Technology%20Strategy%20Assessment%20-%20%2311%20Bidirectional%20Hydrogen%20Storage_508.pdf
https://www.energy.gov/sites/default/files/2023-09/2_Technology%20Strategy%20Assessment%20-%202%20Lithium-ion_508.pdf
https://www.energy.gov/sites/default/files/2023-09/3_Technology%20Strategy%20Assessment%20-%20%233%20Lead%20Batteries_508.pdf
https://www.energy.gov/sites/default/files/2023-09/4_Technology%20Strategy%20Assessment%20-%20%234%20Flow%20Batteries_508.pdf
https://www.energy.gov/sites/default/files/2023-09/5_Technology%20Strategy%20Assessment%20-%20%235%20Zinc%20Batteries_508.pdf
https://www.energy.gov/sites/default/files/2023-09/6_Technology%20Strategy%20Assessment%20-%20%236%20Sodium%20Batteries_508.pdf
https://www.energy.gov/sites/default/files/2023-09/7_Technology%20Strategy%20Assessment%20-%20%237%20Pumped%20Storage_508.pdf
https://www.energy.gov/sites/default/files/2023-09/8_Technology%20Strategy%20Assessment%20-%208%20Compressed%20Air%20Energy%20Storage%20_508.pdf
https://www.energy.gov/sites/default/files/2023-09/9_Technology%20Strategy%20Assessment%20-%20%239%20Thermal%20Energy%20Storage_508.pdf
https://www.energy.gov/sites/default/files/2023-09/10_Technology%20Strategy%20Assessment%20-%20%2310%20Supercapacitors_508.pdf
https://www.energy.gov/oe/storage-innovations-2030


Overview of methods used across the LDSS Technology 
Strategy Assessments
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GATHER EXPERTS & 
STAKEHOLDERS

IDENTIFY 
INNOVATIONS

QUANTIFY IMPACT  
ON 2030 LCOS

ESTIMATE 
IMPLEMENTATION

ESTIMATE 
INVESTMENT

DOE Technology Strategy Assessment- Methodology, July 2022

https://www.energy.gov/sites/default/files/2023-09/1_Technology%20Strategy%20Assessment%20-%20%231%20Methodology__508.pdf


Innovations that reduce the cost of bidirectional hydrogen 
storage in high pressure tanks had a larger impact
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Innovations apply only to 
tank storage where 
indicated

Liquid hydrogen carriers (tank)
Hydrogen carrier advancements (tank)

Demonstration
Smart tanks (tank)

Recycling components
Hydrogen to electricity advancement

Deployment studies
Storage tank materials (tank)

Scale and automation
Hybridization with renewables
Domestication of supply chain

Critical mineral discoveries

Share of Innovations in Top 10% of Innovation Portfolios

Adapted from Findings from Storage Innovations 2030: Bidirectional Hydrogen Storage, July 2022

https://www.energy.gov/sites/default/files/2023-09/11_Technology%20Strategy%20Assessment%20-%20%2311%20Bidirectional%20Hydrogen%20Storage_508.pdf


The improved 2030 LCOS for hydrogen storage could drop 
to ~$0.11/kWh (cavern) and ~$0.16 cents/kWh (tank)
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CAES
Hydrogen - Tank Storage

Hydrogen - Cavern Storage
Lead Acid

Li-ion
Sodium-ion

Pumped Storage Hydro
Redox flow

Supercapacitor
Thermal energy storage

Zinc

LCOS (cents/kWh)

Range of Reduced 2030 LCOS After Implementation of Top 10% of Innovation Portfolios

Adapted from Storage Innovations 2030: Exploring the Results, July 2022 

https://www.energy.gov/sites/default/files/2023-09/SI%202030%20Exploring%20The%20Results_508.pdf


Investment to reach improved 2030 LCOS levels could 
range from ~$100M-$900M and take 7-12 years
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Adapted from Storage Innovations 2030: Exploring the Results, July 2022 

https://www.energy.gov/sites/default/files/2023-09/SI%202030%20Exploring%20The%20Results_508.pdf


To complement hydrogen storage, OE supports 
diverse storage technologies through a variety of 

initiatives
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ESGC

In 2023, OE announced $30 M to enable the LDSS through 
the two key ESGC initiatives
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         Driving down LCOS
10 Long Duration Storage Shot Technology Strategy 
Assessment reports
$15 million Storage Innovations Technology Liftoff FOA

        Validating ES performance
Rapid Operational Validation Initiative (ROVI)
 

$15 million Demonstration and Validation FOA



DOE/OE have a growing workforce portfolio
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Grid Storage Launchpad



The Grid Storage Launchpad (GSL) is a new signature 
facility for storage advancement
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Validate

Collaborate

Accelerate

L A B  M O D U L E S

100
30+

$75M
T O T A L  

E S T I M A T E D  

F A C I L I T Y C O S T

W O R K S T A T I O N S $35M
N O N - F E D E R A L

I N V E S T M E N T S

• 90,000 sq. ft facility
• Systematic and independent 

validation of new grid storage 
technologies 

• Basic materials and components, 
through prototyping under grid 
operating conditions (<100kW)

Grid Storage Launchpad at Pacific Northwest National Lab (PNNL)

https://www.pnnl.gov/grid-storage-launchpad-pnnl


Ways to engage with OE

OPPORTUNITIES 

FOA EXCHANGE 

OFFICE OF ELECTRICITY | 
DEPARTMENT OF 
ENERGY

EVENTS 

ENERGY STORAGE 
GRAND CHALLENGE 
SUMMIT

OE PEER REVIEW

EMAIL LISTS

ENERGY STORAGE 

GRAND CHALLENGE

WEBINARS REACH OUT
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https://www.fedconnect.net/FedConnect/PublicPages/PublicSearch/Public_Opportunities.aspx
https://www.energy.gov/oe/office-electricity
https://www.energy.gov/oe/office-electricity
https://www.energy.gov/oe/office-electricity
https://www.energy.gov/oe/2023-energy-storage-grand-challenge-summit
https://www.energy.gov/oe/2023-energy-storage-grand-challenge-summit
https://www.energy.gov/oe/2023-energy-storage-grand-challenge-summit
https://doepeerreview.sandia.gov/
https://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge
https://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge


Meet OE’s
Energy Storage 

Division
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Eric Hsieh 
Deputy Assistant 
Secretary

Ben Shrager 
Storage Analysis

Imre Gyuk
Chief Scientist

Vinod Siberry 
Storage Validation 

Mo Kamaludeen 
Director, Storage 
Validation

Nyla Khan 
Storage Materials 
& Systems

Caitlin Callaghan 
Director, Storage 
Materials & Systems



Twitter LinkedIn Facebook

www.energy.gov/oe/

Sign Up for Office of 
Electricity Email Updates

Thank you

Nyla Khan
nyla.khan@hq.doe.gov

Energy Storage Division, Storage Materials & Systems Engineer

https://twitter.com/DOEelectricity
https://www.linkedin.com/company/office-of-electricity
https://www.facebook.com/DOEElectricity
https://www.facebook.com/DOEElectricity
mailto:nyla.khan@hq.doe.gov
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