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After the Hockey Stick

Opportunities for Long Duration Storage



Historic Storage Deployment

U.S. Energy Storage Installed Capacity Months to Double Capacity
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Deployment Geography

Energy Storage Installations as of July 2025 AK
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Outline

* Ho rage gets there
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Beyond Classic* Energy Storage Use Cases

*First order system: one controllable resource; Second/higher-order system: two or more controllable resources ! U.S. DEPARTMENT o f ENERGY




Second-Order Use Cases: Enhancing Baseload

F. Wang et al., "Leveraging Energy Storage Resources to Improve Combined Cycle Gas Turbines Operational Efficiency," 2022 IEEE Power & Energy Society General Meeting 4 S
(PESGM), Denver, CO, USA, 2022, pp. 01-05, doi: 10.1109/PESGM48719.2022.9917129. &) U.S. DEPARTMENT of ENERGY




Second-Order Use Cases: Enhancing Delivery

— —

Photo’by via Wikimedia CommansiCoBY 4:0
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L. Zheng et al., "Solid-State Transformer and Hybrid Transformer With Integrated Energy Storage in Active Distribution Grids: Technical and Economic Comparison, Dispatch, :
and Control," in IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 10, no. 4, pp. 3771-3787, Aug. 2022, doi: 10.1109/JESTPE.2022.3144361. F’}’ U.S. DEPARTMENT Of ENERGY



https://commons.wikimedia.org/wiki/User:Kkiefuik

https://www.youtube.com/watch?v=Qz9bYTeqYJE
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https://www.youtube.com/watch?v=Qz9bYTeqYJE

Second-Order Use Cases: Increasing Affordability

Photo by via Wikimedia Commons C:

Jeremy Twitchell, Prathit Dave, Dan Boff, Jess Barcco, “Benefits of Energy Storage for Washington, D.C. - Analysis for the Department of Energy and Environment,” PNNL, forthcoming
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https://www.flickr.com/people/9297241@N02

Second-Order Use Cases: Data Centers
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Esha Choukse et. al. [Microsoft, OpenAl, nVidia)], “Power Stabilization for Al Training Datacenters,” arXiv:2508.14318v2 [cs.AR] 21 Aug 2025
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DC5pHRnO4w3g%26feature%3Dyoutu.be&data=05%7C02%7Ceric.hsieh%40hq.doe.gov%7C4b5704276cf8441826ab08de5ab19f4e%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C639047916089007147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=kzYGwQA8boxBTh2dypP3avVXj%2FktU8m0XFFvmLf6peU%3D&reserved=0

Adjacent Lessons for the Storage Industry
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Capabilities to Derisk and Accelerate Market Readiness

>

o~
~

L 1 Y 4

Secretary Wright with Venkat Srinivasan at the Materials Engineering Research Facility, Argonne National Lab X )m .
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Secretary Wright with Will Chueh at the SLAC National Accelerator Laboratory-Stanford Battery Center Secretary Wright at the Grid Storage Launchpad | Photo: Andrea Starr | Pacific Northwest National Laboratory
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https://www.facebook.com/watch/?v=1262937675845694




Rapid Operational Validation Initiative (ROVI)

Standard Validation Timeline:

10-15 years
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ROVI Goal:

Bankable Storage Technologies
Develop capabilities to generate >15 years
of financial grade performance projections @ s

with <1 year of real time testing required -

Models Data Collection
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AI@SL About the GSL’s Apply to Test Program

GRID STORAGE LAUNCHPAD

PNNL offers a third-party testing e — - \.",._JJ\

environment to provide battery
companies with independent data
about their grid-scale systems.

Visit the “Apply to Test” Portal
for more information:
EI
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* T o Secretary of Energy Chris Wright (right); GSL Lab Director Vince Sprenkle (left)

Photo: Andrea Starr | Pacific Northwest National Laboratory

The GSL represents the commitment of the Department of Energy’s Office

of Science, Office of Electricity, the State of Washington, PNNL, and
Battelle to advance the next generation of breakthroughs in energy storage

materials and technologies.




Closed Prizes

[ |

47 B &

Beyond the Meter Energy Storage Integration Prize

Total Prize Pool: $4,100,000

Phase 1 up to 6 winners will receive $350,000 each ($2,100,000)
Phase 2 up to 2 winners will receive $1,000,000 each ($2,000,000)

In this two-phase prize, companies and coalitions will:

Share how their behind-the-meter grid-edge technology solution
supports improved integration with different energy systems and
vendors in the grid

Outline a plan to partner and integrate with grid-edge technology
vendors

Describe their approach to demonstrate their technology and plans to
collaborate with other grid industry leaders

Phase 1 Prize Competition closed 4/30/2026 (Judging/Selection Underway)

Energy Storage Innovations Round 2 Prize

a
an
an

Total Prize Pool: $300,000
Up to 5 Champions will receive up to $50,000 each
Up to 5 Finalists will receive up to $10,000 each

This single-phase prize:

» Targets less-conventional ESS use cases (e.g., remote
communities, extreme conditions) and innovative,
less-mature, electricity-discharging technologies that differ
from commercially established solutions.

* Promotes development of transformative ESS concepts with
early consideration of pathways to deployment and
commercialization.

* Requires a benefit-cost analysis, alignment with DOE
priorities, and risk assessment with mitigation strategies.

Prize Competition closed 3/13/2026 (Judging/Selection Underway)

# U.S. DEPARTMENT of ENERGY
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Storage Design Strategies
to Ease Production (STEP) Prize

$500K Opportunity to integrate robust manufacturability and supply chain
strategies directly into the design of novel energy storage technologies.

AMERICAN-MADE | U.S. DEPARTMENT OF ENERGY



Market Readiness: Assisting Decisionmakers

(@, Forvme mecTmic

Electric Industry Structure
and Regulatory Responses in a
High Distributed Energy Resources Future

FERC

“And I'm so proud that last
year, the Commission
issued Order No. 841. This
rule removes batrriers to the
participation of electric
storage resources in the
capacity, energy, and
ancillary services markets
operated by the regional
organized power markets
that FERC oversees.”

- FERC Chair N. Chatterjee,
7/2019

Energy Storage

Impacts of Electrochemical Utility-Scale Battery
Energy Storage Systems on the Bulk Power

System

February 2021
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Frequency (Hr)

NERC

“Battery storage
[ilnstallations in the Texas
and Western
Interconnections are
improving frequency control.
These improvements are a
result of quicker response
times arresting the
frequency closer to the
target of 60Hz.”

- NERC 6/2025

Frequency Control

Under Frequency Load Shed
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VERMONT PUBLIC UTILITY
COMMISSION ENERGY
STORAGE SYSTEM
WORKSHOPS

Presented By:
Vermont Public Utility Commission, U.S. DOE Office

of Electricity Energy Storage Program, and Sandia
National Laboratories

Session 2: Energy Storage Facilities:
Installation & Operation - Part |

SNL

State Commissions

Vermont Public Utility
Commission

PROPOSED RULE
REGARDING THE
INSTALLATION,
CONSTRUCTION,
OPERATION, AND
AGGREGATION OF
ENERGY STORAGE
FACILITIES

8/20/2025
Docket #21-3883

“Duke, through an ERCOT
stakeholder committee,
create[ed] a special pilot
project...to demonstrate the
major technical capabilities of
the BESS.” - 2012

Regional Transmission
Operators

“Across January 15th and 16t,
BESS saved a total of $750M
in costs to the day-ahead
market [in ERCOT.].”

— Aurora Energy Research,
4/2024

Day-ahead (DA) aggregate supply market-clearing prices from 7-84M an January 16%, 2024
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“This [DOE] project
successfully demonstrated an
early stage CES [Community
Energy Storage] system” —
DTE, 2015

Utilities

“DTE is seeking between 1,500-
3,000 MW of firm MISO-
accredited capacity from
qualifying resources
including...thermal, storage,
emerging technologies,
distributed energy resources,
and other capacity resources.”

Non-Price Criteria - Resource
Optionality: e.g. “ability to

adapt to new market rules or
changes in such rules, .. .ability to
add future storage to the site,
etc.”

— DTE All-Source RFP, 2/2025

PNNL & SNL
Since 2016

Local Jurisdictions

“NFPA 855 has
requirements that training of
operations staff as well as
emergency responders be
provided by the system
owner or operator.”

“Language in local codes
[and] ordinances is
frequently adapted from
standard NFPA 855”

PNNL, Siting and Permitting
of Energy Storage, 2025

U.S. DEPARTMENT of ENERGY



Market Readiness: IRPs

90% mention batteries

>80 U.S. Utility
IRPs*

64% mention lithium batteries and non-
lithium technologies

54% mention lithium, non-lithium,

and LDES technologies

*From 2025 DOE Analysis

#&) U.S. DEPARTMENT of ENERGY
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