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EXECUTIVE SUMMARY

Energy storage refers to any technology that reserves 
energy for use at a later time. Like residential solar and 
electric vehicles, energy storage is a type of distributed 
energy resource that is increasingly garnering attention from 
customers, utilities, and regulators. Energy storage may 
provide an economical way to improve electricity reliability, 
while lowering overall electricity cost. This technology can 
be used in many ways, from helping to reduce the impact 
of intermittent and distributed energy resources on system 
load to adding capacity that can defer or delay infrastruc-
ture investments.

Though energy storage and battery storage are sometimes 
used synonymously, energy storage encompasses an as-
sortment of technologies. Energy storage technologies fall 
within three major categories: electrochemical, electrome-
chanical, and thermal. According to the United States De-
partment of Energy’s Global Energy Storage Database, as of 
November 2017, 24.1 GW of energy storage is installed in 
the U.S.1 Most of this capacity is from pumped hydro, with 
22.6 GW of storage available. The next three largest shares 
go to thermal energy storage technologies at 821 MW, 
electrochemical at 680 MW, and electromechanical at 171 
MW. Lithium-ion batteries, an electrochemical technology, 
have dominated recent deployment of storage technolo-
gies, representing more than 95 percent of installed systems 
since 2015.2 The focus and growth of lithium-ion batteries in 
the market is expected to continue.

The economics of energy storage can be difficult to deter-
mine. The variety of technologies, services, and regulatory 
environments greatly impact the value streams that can be 

1 “DOE Global Energy Storage Database.” Office of Electricity Delivery & Energy Reliability. Accessed July 26, 2017. https://www.energystorageexchange.org/projects
2 “U.S. Energy Storage Monitor: Q2 2017 Executive Summary.” GTM Research/ ESA U.S. Energy Storage Monitor. June 2017. 
3 Ibid. 
4 Munsell, Mike. “21 US States Have Energy Storage Pipelines of 20 MW or More.” Greentech Media. March 28, 2017. https://www.greentechmedia.com/articles/read/21-us-

states-have-energy-storage-pipelines-of-20mw-or-more
5 “U.S. Energy Storage Monitor: Q2 2017 Executive Summary.” 

derived from energy storage. Though energy storage overall 
still exhibits higher levelized costs, these costs are coming 
down, and the market is expected to grow significantly in 
the next five years. GTM Research projects that by 2022, 
annual energy storage deployment in the U.S. will grow 
to 2.6 GW and the market will be worth $3.2 billion.3  GTM 
Research found that by spring 2017, 21 states had energy 
storage projects of at least 20 MW planned.4 California, Ha-
waii, and Arizona have the highest installed energy storage 
capacity.5

States are tackling energy storage through state regula-
tory mechanisms such as procurement targets, funding 
programs, and regulatory reform. At the federal level, the 
Department of Energy has been involved with advancing 
energy storage, and over the course of 2017, several energy 
storage related bills were introduced in Congress. 

Public power utilities have been instrumental in demon-
strating energy storage projects, especially in the realm of 
lithium-ion battery storage. Some public power utilities are 
even receiving national recognition for their innovations. 
Case studies from public power utilities who have incor-
porated energy storage technology into their systems are 
featured throughout this report.

The American Public Power Association developed this re-
port to educate public power utilities about energy storage 
technologies, including the services storage can provide, 
economic considerations, and policy and regulatory de-
velopments. While this report focuses on energy storage 
installed in-front of the customer’s meter, future Association 
resources will discuss behind-the-meter energy storage 
sited with customers.
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Why should public power utilities care about energy storage?

Interest in energy storage will continue to grow as the number of deployments increase and more states 
take regulatory action. Being informed of the possibilities, drawbacks, and value of energy storage will help 
you answer questions from your customers, leadership, and governing bodies. Moreover, you can decide 
if this is a technology you want to explore further and consider deploying in the future. Each public power 
utility is unique, which means that there is no one size fits all approach to energy storage. 

Public Power Forward 

This report was prepared by the American Public 
Power Association as part of Public Power 
Forward. The Association launched this strategic 
initiative in 2015 to help public power utilities 
prepare for a new era in electricity and address 
grid modernization, enhanced retail services, 
distributed energy resources, new business 
partnerships, and rate design. 
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Energy storage services represent streams of potential value 
that energy storage may accrue to electric customers, utilities, 
and independent system operators (ISOs) or regional trans-
mission organizations (RTOs). As energy storage technolo-

Purpose 

Reliability 

Load Management 

Service 

Microgrid Support 

Variable Resource 
Integration 

Black Start 

Voltage Support 

Frequency Regulation 

Spinning or Non-
Spinning Reserve 

Resource Adequacy 

Distribution Deferral 

Transmission Deferral

Asset Optimization 

Energy Arbitrage  

Description

Backup power to help a microgrid operate in island-mode.

Helps reduce ramp rates, mitigating adverse effects of 
increased renewable penetration. 

ANCILLARY SERVICE: Ability to restart generators following an 
outage. 

ANCILLARY SERVICE: Real and reactive power need to match 
demand for electricity to remain flowing. 

ANCILLARY SERVICE: Helps frequency to remain stable to 
match generation with load. 

ANCILLARY SERVICE: Come online when there is an unexpected 
outage. Spinning reserves can respond immediately, while non-
spinning reserves can respond in under 10 minutes. 

PEAK MANAGEMENT: Storage capacity developed to defer 
investment in new generation, such as a peaker plant. 

PEAK MANAGEMENT: Upgrades to distribution infrastructure to 
meet load growth can be delayed or avoided.

PEAK MANAGEMENT: Upgrades to transmission infrastructure 
to meet load growth can be delayed or avoided.

PEAK MANAGEMENT: Storage can increase system load factor. 

Electricity can be purchased during periods of low prices and 
sold back during periods of high prices.

Typical Technologies

Batteries & Flywheels
 
Batteries & Compressed Air

Batteries

Batteries

Batteries & Flywheels
  

Flywheels & Compressed Air

Batteries & Pumped Hydro
 

Batteries
 

Batteries
 

Batteries, Compressed Air, 
& Pumped Hydro

Batteries & Pumped Hydro

Table 1: Energy Storage Services
6, 7

 

6 Fitzgerald, Garrett, Mandel, James, Morris, Jesse, & Touati Herve. “The Economics of Battery Energy Storage.” Rocky Mountain Institute. October 2015. https://rmi.org/insights/reports/
economics-battery-energy-storage/

7 “Harnessing the Potential of Energy Storage: Storage Technologies, Services, and Policy Recommendations.” Edison Electric Institute. May 2017. 

Sources: Adapted from the “The Economics of Battery Energy Storage” by Rocky Mountain Institute and “Harnessing the Potential of Energy Storage: Storage Technologies, Services, and 
Policy Recommendations” by Edison Electric Institute
Note: This table represents services applicable to in-front of the meter storage only. 

ENERGY STORAGE 
SERVICES

gies evolve and see increased deployment and commercial 
maturation, the number and categorization of these services 
by technology will likely evolve. 
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Utilities may be interested in energy storage for microgrid 
support, since generation is limited within the microgrid’s 
network during island-mode operations. The addition of en-
ergy storage can therefore boost system reliability. About half 
of existing microgrids use energy storage.13 

By smoothing and shaping the generation of variable resourc-
es, energy storage can help utilities and system operators 
integrate renewable resources and balance the power system, 
ensuring reliability.  Energy storage can also store excess 
renewable generation when there is not enough demand for 
that generation to be consumed by the system, thus eliminat-
ing the need to curtail renewable generators, which would 
otherwise provide energy at no marginal cost.   

Additionally, energy storage can provide a variety of ancillary 
services to the grid. Such ancillary services include black start, 
voltage support, spinning or non-spinning reserves, and fre-
quency regulation. These services help maintain stability and 
reliability, and improve the economic efficiency of the grid. 

Other services energy storage may provide to the utility relate 
to load management. Utilities may be able to reduce demand 
so that infrastructure investments can be avoided or delayed. 
Utilities size their system to meet peak demand. Insofar as en-
ergy storage may reduce peak demand, the utility may be able 
to delay or avoid investing in an increase in system capacity.  
Peak events on the utility’s system may only occur a few times 
a year, but increases in such peaks may require the utility to 
invest in increased capacity.  Such a need for more capacity 
may be required at the generation level, or may be required 
for only a portion of the utility’s transmission or distribution 
system. A need for increased capacity on a portion of the 

8 “LG CNS Secures Contract to Deliver Energy Storage Systems to Guam Power Authority.” LG CNS. May 16, 2017. https://www.lgcns.com/Views/News/NewsDetail?SERIAL_NO
=1644&STARTDATE=20160712&ENDDATE=20170712&SEARCH_VALUE=&page=0

9 “GPA to enter into energy storage contract.” Guam Power Authority. May 11, 2017. http://gpapio.blogspot.com/
10 Anderson, Jeannine. “Guam Power Authority signs up for 40 MW of energy storage.” PublicPowerDaily. June 9, 2017. 
11 “IID boosts electric grid as state-of-art battery energy storage system comes online.” Imperial Irrigation District. October 26, 2016. http://www.iid.com/Home/Components/

News/News/525/30?backlist=%2Fhome
12 “IID demonstrates battery’s emergency black start capability.” Imperial Irrigation District. May 16, 2017. http://www.iid.com/Home/Components/News/

News/557/30?backlist=%2F
13 “US Microgrid Market Growing Faster than Previously Thought: New GTM Research.” Microgrid Knowledge. August 29, 2016. https://microgridknowledge.com/us-microgrid-

market-gtm/

Why are energy storage services 
important?

• Identify value streams
• Clarify benefits to different user groups
• Determine appropriate storage technology

CASE STUDY

Guam Power Authority

In May 2017, the Guam Power Authority entered 
into an energy storage contract with LG CNS of 
South Korea.8 A total of 40 MW of energy storage 
will be added Guam’s Island Wide Power System 
via two lithium-ion battery storage systems 
placed at separate substations. LG CNS will also 
be responsible for the energy storage system’s 
operations and maintenance for 25 years. According 
to the General Manager, John M. Benavente, 
P.E., “This investment will help alleviate system 
frequency issues, outages and support renewable 
integration.”9 The $35 million investment will improve 
system reliability and reduce roughly 77 percent 
of outages.10 Guam has a renewable goal of 25% 
by 2035.  Ongoing and planned renewable energy 
projects for Guam will include energy storage 
systems with load shifting capabilities. This will help 
offset fuel related generation needed at peak hours 
in the evening.

CASE STUDY

Imperial Irrigation District, CA

The Imperial Irrigation District added a 30 MW/20 
MWh (38.2 MVA system) lithium-ion battery storage 
system to their network in October 2016. The 
project, conducted in partnership with Coachella 
Energy Storage Partners and General Electric, 
serves to increase reliability and help renewable 
energy integration. The utility’s director, Norma 
Sierra Galindo commented “With the increase of 
renewable energy and distributed generation in our 
electric system, the new battery energy storage 
system will help smooth variable generation and 
increase system-wide reliability.”11 In May 2017, 
IID successfully demonstrated the black start 
capability of the battery system. The battery was 
able to supply electricity to restart the utility’s El 
Centro Generating Station 44 MW combined-cycle 
natural gas turbine.12 In Spring 2017, SEPA ranked 
the utility has number one in the nation for installed 
energy storage.
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transmission or distribution system may also be driven by 
congestion and/or new customers connecting to the system.  
By strategically siting energy storage closer to new loads or at 
points experiencing congestion, the utility may reduce the 
costs of accommodating new interconnections, or alleviating 
congestion. 

Energy arbitrage is another energy storage service tied to load 
management. For example, a utility can take advantage of a 
market opportunity to buy lower priced electricity to charge a 
battery, and then sell back electricity when prices are higher. 

 

Why are some technologies better suited for certain services?

Energy storage systems vary in their ability to provide electricity and associated electric services. Some key 
considerations include the duration and quality of power output, power rating, and how quickly the system 
can respond. Energy storage services fall within two broad categories: reliability and load management. 
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Energy storage technology is not limited to batteries. Stor-
age technologies also include capacitors, pumped hydro, 
compressed air, flywheels, and thermal storage. Each storage 
technology can be categorized based on one of three funda-
mental means of operation: electrochemical, electromechani-
cal, or thermal. Each technology has advantages and disad-
vantages, and can be used for a variety of services.   

ELECTROCHEMICAL
Electrochemical storage technologies use chemical reactions 
to store and discharge energy. Two main categories of elec-
trochemical technologies are batteries and electrochemical 
capacitors. 

BATTERIES
Batteries convert chemical energy into electrical energy by 
creating a current of electrons flowing between two electrode 
terminals. An inverter is then used to move the direct current 
of energy in the battery to the grid as alternating current. 
This technology is versatile and can be leveraged for a variety 
of services.

Lithium-Ion
Lithium-ion batteries get their name because lithium-ions 
flow between the two terminals.14 This type of batter has 
a lifetime of about 5-10 years.15 The lithium-ion battery 
was introduced to the commercial market in 1991 by Sony 
Corporation, but the concept was introduced by researchers 
in the 1970s. Lithium ion-batteries helped advance the small 
electronic devices industry, which includes cell phones and 
cameras.16 The transportation industry also uses lithium-ion 
batteries, especially in electric vehicles.17 

Key Terms

Capacity: How much electric energy a storage technology can charge/discharge per unit of time. Typically 
represented in terms of MW. 
Cycling: The sequence of charging and discharging. 
Depth of Discharge: The percent of energy discharged relative to the full extractable amount of stored 
energy. 
Efficiency: The ratio of energy that is retrieved from a storage system (during discharging) divided by the 
energy put into the storage system (during charging), expressed as a percentage.
Energy: How long it takes for a battery to charge or discharge at its rated capacity. Typically represented in 
terms of MWh.
Energy Density: Energy stored per unit of volume. This information is helpful in situations where size and 
weight are restrictive. 
Services: Energy storage services represent potential value streams that may benefit electric customers, 
utilities, and/or ISOs and RTOs. A service can be one or more applications of deployed storage. 

TYPES OF ENERGY 
STORAGE TECHNOLOGY

14 “Lithium Ion (LI-ION) Batteries.” Energy Storage Association. http://energystorage.org/energy-storage/technologies/lithium-ion-li-ion-batteries
14 “Thermal.” Energy Storage Association. http://energystorage.org/energy-storage/storage-technology-comparisons/thermal2 
15 “Lazard’s Levelized Cost of Storage-Version 2.0.” Lazard. December 2016. https://www.lazard.com/media/438042/lazard-levelized-cost-of-storage-v20.pdf
16 Blomgren, George E. “The Development and Future of Lithium Ion Batteries.” Journal of the Electrochemical Society. Volume 164, Issue 1. 2017.
17 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
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18 Makhyoun, Miriam & Taylor, Mike. “Electric Utilities, Energy Storage and Solar: Trends in Technologies, Applications and Costs.” Solar Electric Power Association. May 2014.
19 Fitzgerald. “The Economics of Battery Energy Storage.”
20 Harnessing the Potential of Energy Storage.”
21 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
22 Makhyoun. “Electric Utilities, Energy Storage and Solar.” 
23 Ibid.
24 “Austin SHINES: Innovations in Energy Storage.” Austin Energy. 2017. 
25 Spector, Julian. “Austin Energy Seeks to Boost Value With a United Fleet of Solar and Storage.” Greentech Media. June 21, 2017. https://www.greentechmedia.com/articles/

read/austin-energy-seeks-to-boost-value-with-a-united-fleet-of-solar-and-storage
26 Glaize, Christian and Genies, Sylvie. “Lead and Nickel Electrochemical Batteries.” January 2013. Part 2.
27 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
28 Glaize. “Lead and Nickel Electrochemical Batteries.”
29 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
30 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
31 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
32 Fitzgerald. “The Economics of Battery Energy Storage.” 
33 “Harnessing the Potential of Energy Storage.”
34 “Grid Energy Storage.” U.S. Department of Energy. December 2013.
35 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
36 “Flow Batteries.” Energy Storage Association. http://energystorage.org/energy-storage/storage-technology-comparisons/flow-batteries

• Services: Microgrid support, resource adequacy, distri-
bution deferral, transmission deferral, variable resource 
integration, asset optimization, black start, voltage sup-
port, frequency regulation, and energy arbitrage.18,19,20

• Advantages: High energy density, high charging ef-
ficiency, quick response time, and compact size.21,22

• Disadvantages: Must maintain a minimum charge, and 
shorter duration discharge.23 

Lead Acid
Lead acid batteries are the oldest battery technology. The first 
rechargeable lead acid battery was created in 1859.26 Lead 
acid batteries are most known for their ability to start internal 
combustion engines in vehicles, because they can quickly 
provide a high level of current.27 Many nuclear submarines 
also carry lead acid batteries in the case of an emergency with 
their nuclear power sources.28 This battery type uses lead and 
lead dioxide terminals, while sulfuric acid acts as the electro-
lyte.29 As with lithium-ion batteries, lead acid batteries also 
have a lifetime of about 5-10 years.30

• Services: Microgrid support, resource adequacy, distri-
bution deferral, transmission deferral, variable resource 
integration, asset optimization, black start, voltage sup-
port, frequency regulation, and energy arbitrage.31,32,33

• Advantages: High recycled content.34

• Disadvantages: Low energy density and limited depth 
of discharge.35

Flow
In flow batteries, the charging and discharging occurs 
between dissolved chemicals that are usually separated by a 
membrane.36 The electrolytic solution is where the energy 

CASE STUDY

Austin Energy, TX

The Austin Sustainable and Holistic Integration of 
Energy Storage and Solar Photovoltaics (SHINES) 
project includes the integration of two utility scale 
energy storage systems, customer-sited energy 
storage systems at residential and commercial 
properties, smart inverters, real-time data feeds, and 
a distributed energy resource optimizer.24 Ultimately, 
the project is to optimize the value stream for solar 
plus storage with business modeled developed for 
grid, commercial, and residential applications. This 
effort supports the city’s goal of 65% renewable 
energy generation, local solar, and storage goals 
by 2027. Energy storage systems include a 1.5 
MW/3 MWh LG Chem lithium-ion battery that will 
be co-located with a community solar array, while a 
1.75 MW/3.2 MWh Younicos lithium-ion battery will 
be added to a location containing commercial and 
residential solar. Funding streams include federal, 
state, and city sources from the U.S. Department of 
Energy’s SunShot Initiative, the Texas Commission 
on Environmental Quality New Technology 
Implementation Grant, and Austin Energy. Current 
partners include Pecan Street, Inc., Doosan, Stem 
Inc., Clean Power Research, and more.25 The 
project is scheduled for 39 months ending April 30, 
2019 to include an evaluation and reporting period.
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is stored, which is different from other batteries that store 
energy in the electrodes.37 In 1884, French scientist Charles 
Renard developed the first flow battery. Original designs used 
hazardous chemicals and operated under strict conditions. 
Over the past century, new and safer chemical composi-
tions have been deployed.38 Flow batteries have an expected 
lifetime of about 10-20 years, which is a longer lifetime than 
lithium-ion and lead acid batteries.39

• Services: Microgrid support, resource adequacy, distri-
bution deferral, transmission deferral, asset optimization, 
black start, voltage support, frequency regulation, and 
energy arbitrage.40,41,42

• Advantages: Scalable, quick response time, high depth 
of discharge, high cycling tolerance, and may be de-
signed to have minimal environmental impact.43

• Disadvantages: Low energy density.44 

ELECTROCHEMICAL CAPACITOR
Electrochemical capacitors are also known as electric double-
layer capacitors, supercapacitors, and ultracapacitors.45 This 
technology stores electrical charges on electrode plates.46 The 
first capacitor was developed in 1745, but it was not until 1957 
that the first capacitor was patented. Later in the twentieth 
century, researchers developed supercapacitors that are now 
used in electronics, medical technology, and transportation.47 
• Services: Frequency regulation and voltage support.48 
• Advantages: Long lifetime and fast discharge.49 
• Disadvantages: High cost.50 

ELECTROMECHANICAL
This type of energy storage uses a mechanical device to convert 
electrical energy to either potential or kinetic energy, which can 
then be converted back to electrical energy when needed. 

PUMPED HYDRO
Pumped hydro storage harnesses gravitational potential 
energy. Water is pumped from a low elevation reservoir up 
to a higher elevation reservoir during off-peak times. When 
energy output is desired, water is released from the upper 
reservoir to flow to the lower reservoir, spinning turbines 
that generate electricity. The first large-scale pumped hydro 
project in the United States went online in 1929 in New 
Milford, CT.51 Pumped hydro capacity in the U.S. increased 
throughout the twentieth century, but has remained flat the 
past few decades. 

Pumped hydro systems may operate in a closed or open 
loop. Reservoirs in closed loop systems do not receive any 
natural inflow of water, whereas reservoirs in open loop 
systems receive at least some natural inflow of water. Pumped 
hydro can also be paired with hydroelectric dams to increase 
on-demand power generation when water supplies decrease. 
The equipment for pumped hydro can act both as a pump 
and turbine.52 This means that in one direction, the equip-
ment can mechanically pump the water up, but when energy 
is needed and the water is released, the equipment will act 
like a turbine, spinning to generate electricity. Pumped hydro 
typically has a longer lifetime than many electrochemical stor-
age technologies, frequently lasting more than 20 years.53 
• Services: Asset optimization, frequency regulation, volt-

age support, black start, and spinning reserve.54 
• Advantages: Mature technology, high ramp rate, and 

long lifetime.55 
• Disadvantages: Geographic limitations, environmental 

impacts, and permitting challenges.56 

37 Ibid.
38 Veneri, Ottorino. “Technologies and Applications for Smart Charging of Electric and Plug-in Hybrid Vehicles.” 2017.
39 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
40 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
41 Fitzgerald. “The Economics of Battery Energy Storage.” 
42 “Harnessing the Potential of Energy Storage: Storage Technologies, Services, and Policy Recommendations.”
43 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
44 Ibid.
45“Electrochemical Capacitors.” Energy Storage Association. http://energystorage.org/energy-storage/technologies/electrochemical-capacitors
46 Brian Kihun Kim et al. Handbook of Clean Energy Systems. “Electrochemical Supercapacitors for Energy Storage and Conversion.” 2015.
47 Ibid.
48 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
49 Ibid.
50 Ibid.
51 “History of Hydropower.” Office of Energy Efficiency and Renewable Energy. https://energy.gov/eere/water/history-hydropower
52 “Pumped Hydroelectric Storage.” Energy Storage Association. http://energystorage.org/energy-storage/technologies/pumped-hydroelectric-storage
53 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
54 “Pumped Hydroelectric Storage.” 
55 “Grid Energy Storage.” 
56 Ibid.
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COMPRESSED AIR
Compressed air energy storage is a relatively newer technol-
ogy with only a few systems operating worldwide.57 The first 
operational facility opened in 1978 in Huntorf, Germany. 
The first compressed air energy storage system in the U.S. 
was deployed in McIntosh, Alabama in 1991.58 This technol-
ogy stores air under pressure, typically in an underground 
geologic formation such as a salt cavern or aquifer. To 
produce electricity, the air is expanded across a turbine driv-
ing a generator.59 Salt caverns are preferred because the salt 
minerals and air will not react with each other.60 Compressed 
air energy storage has an expected lifetime of 20 years.61 
• Services: Energy arbitrage, variable resource integra-

tion, frequency regulation, spinning reserves, and black 
start.62 

• Advantages: High capacity.63 
• Disadvantages: Geographic limitations and environ-

mental impacts.64 

FLYWHEEL
Flywheels have been used in machinery since the onset of the 
potter’s wheel. Modern flywheels for energy storage con-
tain a cylinder that rotates within a vacuum, storing kinetic 
energy.65,66 Outside of the energy sector, the aerospace and 
telecommunications industries also use flywheel technology. 
Electrical input from a connected motor-generator drives 
the cylinder’s rotation during charging.67 When the stored 
energy is needed, the motor-generator rotates in the opposite 
direction, leveraging the kinetic energy to produce electrical 
energy. Flywheels can operate for more than 20 years.68 
• Services: Microgrid support, spinning reserves, and 

frequency regulation.69,70

• Advantages: Quick response time, long lifetime, and 
low maintenance.71 

• Disadvantages: Relatively short discharge time.72 

THERMAL ENERGY
Thermal energy storage reserves energy in the form of heat 
or cold. Thermal energy has been used as a storage technol-
ogy since ancient civilizations when ice was used to preserve 
food and keep spaces cool.73 In more recent years, the solar 
thermal generation industry produces energy during daylight 
hours that can be stored in molten salts. When electricity is 
needed, the molten salts can be used to generate steam to 
run a turbine. Heating, cooling, and ventilation (HVAC) 
systems of buildings may use cold thermal energy. During 
periods of low demand or off-peak energy pricing, electricity 
can be used to create ice.  Ice created during off-peak periods 
is then used in the HVAC system thus providing space cooling 
more efficiently than if ice were not used in the system.74 The 
overall efficiency of the system may also benefit from creating 
ice during cooler periods.  During such times, cooling mecha-
nisms used to produce ice require less input energy than 
they would during daytime periods of higher temperatures.  
Electric water heaters are another modern-day example of 
thermal storage.75 The principle is similar to the HVAC ex-
ample, but water heaters store heat. Electricity consumption 
again can be shifted to lower cost hours, and when the water 
heaters are “grid interactive,” operators can use the stored 
energy to provide ancillary services. Thermal energy storage 
generally has a lifetime of more than 20 years.76 
• Services: Asset optimization and energy arbitrage.77 
• Advantages: High energy density and long lifetime.78 
• Disadvantages: Niche sector applications.79 

57 “DOE Global Energy Storage Database.” 
58 LaMonica, Martin. “Compressed Air Energy Storage Makes a Comeback.” IEEE Spectrum. September 12, 2013. https://spectrum.ieee.org/energywise/energy/the-smarter-

grid/compressed-air-energy-storage-makes-a-comeback
59 “Compressed Air Energy Storage (CAES).” Energy Storage Association. http://energystorage.org/compressed-air-energy-storage-caes
60 Ibid.
61 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
62 “Compressed Air Energy Storage (CAES).” 
63 Wang, Jidai et al. “Overview of Compressed Air Energy Storage and Technology Development.” Energies. July 2017. http://wrap.warwick.ac.uk/91858/7/WRAP-overview-

compressed-air-energy-storage-technology-development-Wang-2017.pdf
64 “Grid Energy Storage.” 
65 Bender, Donald. “Flywheels.” Sandia National Laboratories. May 2015. http://www.sandia.gov/ess/publications/SAND2015-3976.pdf
66 “Flywheels.” Energy Storage Association. http://energystorage.org/energy-storage/technologies/flywheels
67 Ibid.
68 “Lazard’s Levelized Cost of Storage-Version 2.0.”
69 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
70 “Harnessing the Potential of Energy Storage
71 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
72 Makhyoun. “Electric Utilities, Energy Storage and Solar.”
73 Paksoy, Halime. “Thermal Energy Storage for Sustainable Energy Consumption: Fundamentals, Case Studies and Design.” NATO Science Series. 2007. 
74 “Thermal.” Energy Storage Association. http://energystorage.org/energy-storage/storage-technology-comparisons/thermal2
75 Hledik, Ryan et al. “The Hidden Battery: Opportunities in Electric Water Heating.” The Brattle Group. January 2016. http://www.brattle.com/system/news/pdfs/000/001/007/

original/The_Hidden_Battery_-_Opportunities_in_Electric_Water_Heating.pdf?1455129462
76 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
77 “Grid Energy Storage.” 
78 “Grid Energy Storage.” 
79 Spector, Julian. “How Does Thermal Energy Storage Reach Scale?” Green Tech Media. September 6, 2017. https://www.greentechmedia.com/articles/read/how-does-

thermal-energy-storage-reach-scale
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Technology
  
Lithium-Ion Battery 

Lead Acid Battery 

Flow Battery 

Electrochemical Capacitor 

Pumped Hydro 

Compressed Air 

Flywheel 

Thermal Energy 

Advantages
  
High energy density, high charging efficiency, 
quick response time, and compact size 

High recycled content 

Scalable, quick response time, high depth of 
discharge, and high cycling tolerance, may be 
designed to have minimal environmental impact 

Long lifetime and fast discharge 

Mature technology, high ramp rate, and longer 
lifetime

High capacity 

Quick response time, long lifetime, and less 
maintenance

High energy density and long lifetime 

Disadvantages
  
Must maintain a minimum charge, and shorter 
duration discharge

Low energy density and limited depth of 
discharge

Low energy density

High cost

Geographic limitations, environmental 
impacts, and permitting challenges

Geographic limitations and environmental 
impacts

Relatively short discharge time

Niche sector applications

Table 2: Energy Storage Technology Summary
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The economics of energy storage technologies are complex 
and variable. System scale can impact cost, but so can system 
design. Not all service combinations come at the same cost 
for the same technology. This leads to variety of cost estimates 
for the different services and technologies. 

TECHNOLOGY CONSIDERATIONS
Specific variables that impact technology costs include hard 
costs, soft costs, and operations and maintenance (O&M) 
costs. Hard costs typically encompass the materials needed for 
a technology in addition to the overall physical construction, 
while soft costs involve non-hardware costs like labor, permit-
ting, and other forms of regulatory compliance. 

Energy storage technology costs have been decreasing in 
recent years, particularly for battery storage technologies. 
McKinsey & Company cites that the cost of a battery pack 
dropped from $1,000 per kilowatt-hour in 2010 to $230 per 
kilowatt-hour in 2016.80 As of 2016, hardware costs for batter-
ies still outranked soft costs.81 The cost of lithium-ion batteries 
has decreased in recent years due to increased demand and 
a corresponding increase in manufacturing efficiency and ca-
pacity.  The cost is expected to decline further as demand for 
electric vehicles, consumer electronics, and other household 
goods powered by lithium-ion batteries increases.82 

O&M costs can differ substantially by technology. The size, 
capacity, power rating, cycling, depth of discharge, efficiency, 
and useful life impact the levelized costs of a particular en-

ergy storage application.83 In the case of capacity and power 
rating, an energy storage system with more capacity and a 
higher power rating can provide more value to the grid. With 
cycling, some technologies can handle more charging and 
discharging, impacting their lifetime, and therefore value. 
The depth of discharge factors into overall O&M as well as 
asset lifetime. 

SERVICE CONSIDERATIONS
Energy storage boasts a variety of potential services, as was de-
scribed in Table 1. The economics of these services link back 
to the user of the technology and depend on the specifics of 
the installed energy storage system.  

Depending on the user of the storage system, it can be de-
ployed in different parts of the grid. Energy storage systems 
can be installed behind-the-meter, on the distribution system, 
or on the transmission system. At the distribution level, en-
ergy storage systems can be sited at distribution lines, distribu-
tion substations, or at a customer’s site interconnected to the 
distribution network. Transmission level storage can be sited 
near transmission lines, transmission substations, transmis-
sion-tied customers, or generators. The siting of an energy 
storage system impacts which services are applicable and how 
much value can be derived from the technology. For exam-
ple, energy storage deployed at the transmission level likely 
will not reduce demand on a given section of the distribution 
system, and thus will not delay distribution investments. 

ENERGY STORAGE 
ECONOMICS

80 Frankel, David and Wagner, Amy. “Battery storage: The next disruptive technology in the power sector.” McKinsey & Company.  June 2017. http://www.mckinsey.com/
business-functions/sustainability-and-resource-productivity/our-insights/battery-storage-the-next-disruptive-technology-in-the-power-sector

81 Ardani, Kristen, O’Shaughnessy, Eric, Fu, Ran, McClurg, Chris, Huneycutt, Joshua, & Margolis, Robert. “Installed Cost Benchmarks and Deployment Barriers for Residential 
Solar Photovoltaics with Energy Storage: Q1 2016.” National Renewable Energy Laboratory. February 2017. http://www.nrel.gov/docs/fy17osti/67474.pdf

82 Makhyoun. “Electric Utilities, Energy Storage and Solar. 
83 “Lazard’s Levelized Cost of Storage-Version 2.0.” 
84 Harelson, Scott. “New Solar Plant will Charge Huge Battery for SRP.” SRP. April 20, 2017. https://www.srpnet.com/newsroom/releases/042017.aspx

CASE STUDY

Salt River Project, AZ

In April 2017, Salt River Project (SRP) announced a 20-year power purchase agreement with NextEra Energy 
Resources on a storage plus solar project.84 NextEra Energy Resources will own and operate the facility, and SRP 
will purchase all of its output. The project involves 20 MW of solar and 10 MW of lithium-ion battery energy storage. 
The solar array will be used to charge the storage system. SRP is also looking into a power purchase agreement for 
a utility-scale 10 MW battery. 
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Table 3: Energy Storage Participation in Organized Markets87 

Organized Market Storage Participation

ISO-NE Energy, forward-reserve, capacity, and regulation markets

NYISO Ancillary services (frequency regulation), capacity, and energy markets 

PJM Frequency regulation market

MISO Energy and capacity markets

SPP Energy, regulation, and contingency reserve markets

ERCOT Ancillary market

CAISO Energy and ancillary services markets

Source: Adapted from Smart Electric Power Alliance’s “2017 Utility Energy Storage Market Snapshot” 

Applying multiple services can increase the value of energy 
storage, so when services are restricted, it may be difficult for 
energy storage to be an economically viable option. If an en-
ergy storage system is used for some single services (e.g., back-
up power, blackstart capability, contingency reserves, etc.), it 
is generally less cost-effective because it is rarely used. Many 
batteries remain unused for 50 to 95 percent of their useful 
life.85 On the other hand, it can be both technically and 
logistically unreasonable to stack certain services together. As 
an example, consider that for a battery to provide backup or 
blackstart power, it must remain fully charged.  Consequently, 
such a battery cannot provide frequency regulation that 
would require energy discharge, and thus depleting available 
capacity needed to provide backup/blackstart power.  

The regulatory and market landscape can limit the type and 
number of services an energy storage asset can provide. En-
ergy storage is a unique type of distributed energy resource, 
and markets classify storage differently. Laws and regulations 
may also limit the ability of energy storage to participate in 
markets for capacity and ancillary services.86 The table above 
summarizes storage participation in organized markets. 

Energy storage is generally not eligible for tax credits, but 
there are exceptions. For example, storage devices paired 
with solar are eligible for up to a 30 percent tax credit under 
the Investment Tax Credit offered under the American Re-
covery and Reinvestment Act.88  

During the 115th Congress, senators introduced a bill that 
would allow an Investment Tax Credit for storage, but the 
relevant committees have taken no decisive actions on these 
bills.89 Storage technologies eligible in the proposed bill 

85 Fitzgerald. “The Economics of Battery Energy Storage.” 
86 “Advancing Batteries to Enhance the Electric Grid: Chapter One: Front-of-Meter Applications.” GridWise Alliance, Inc. July 13, 2017. http://www.globalsmartgridfederation.

org/wp-content/uploads/2017/07/GWA_17_AdvancingBatteriestoEnhancetheElectricGrid_FinalReport.pdf
87 Esch, Nick et al. “2017 Utility Energy Storage Market Snapshot.” Smart Electric Power Alliance. September 2017.
88 Ardani, Kristen, O’Shaughnessy, Eric, Fu, Ran, McClurg, Chris, Huneycutt, Joshua, & Margolis, Robert. “Installed Cost Benchmarks and Deployment Barriers for Residential 

Solar Photovoltaics with Energy Storage: Q1 2016.” National Renewable Energy Laboratory. February 2017. http://www.nrel.gov/docs/fy17osti/67474.pdf
89 Bade, Gavin. “Trio of new bills in Congress aim to support energy storage deployment.” Utility Dive. September 28, 2017. http://www.utilitydive.com/news/trio-of-new-bills-

in-congress-aim-to-support-energy-storage-deployment/506035/

include batteries, compressed air, pumped hydropower, 
hydrogen storage (including hydrolysis), thermal energy 
storage, regenerative fuel cells, flywheels, capacitors, and su-
perconducting magnets. Even if Congress does take action on 
this bill, public power utilities have no federal tax liability, and 
thus cannot directly monetize the value of such tax credits. 
However, public power utilities may be able to take advantage 
of federal tax incentives through financial arrangements with 
a third party. 

A utility’s grid assets also factor into the service possibilities 
and value streams of energy storage. Grid health, age, and 
asset type help determine how much value services such as 
resource adequacy, distribution deferral, transmission defer-
ral, and variable resource integration may have for a utility. 
If a utility recently upgraded infrastructure or added new gen-
eration, then resource adequacy and infrastructure deferrals 
do not provide as much value for an energy storage business 
case. Another service described earlier was integration of vari-
able renewable resources. Such value could only be realized 
by utilities that currently have or are looking to add renew-
able energy to their system. 

Customer interests and behaviors are another factor for 
service economics. Differences in load shapes affect the value 
of peak shaving, peak shifting, and load leveling, which in 
turn impacts services such as resource adequacy, and deferral 
of investment in transmission and distribution infrastructure. 
In areas where customers show interest in distributed energy 
resources and reducing carbon emissions, utilities may derive 
greater value from deploying energy storage on their systems. 
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Table 4: Sampling of Levelized Cost of Storage and Capital Costs90 
Service Technology Levelized Cost ($/MWh) Capital Cost ($/kWh)

Transmission system Pumped-hydro $152-198 $213-313
 Flow Battery (Vanadium) $314-690 $426-1,026
 Lithium-Ion Battery $267-561 $386-917

Peaker Replacement Flywheel $342-555 $551-949
 Flow Battery (Vanadium) $441-657 $631-1,001
 Lithium-Ion Battery $285-581 $417-949

Frequency Regulation Flywheel $598-1,251 $3,600-8,000
 Lithium-Ion Battery $190-277 $891-1,484

Distribution Substation Flywheel $400-654 $551-949
 Lead Acid Battery $425-933 $511-1,211
 Lithium-Ion Battery $345-657 $432-901
 Flow Battery (Vanadium) $516-770 $631-1,001

Distribution Feeder Flywheel $601-983 $568-966
 Lead Acid Battery $708-1,710 $596-1,146
 Lithium-Ion Battery $532-1,014 $459-931

Microgrid Flywheel $332-441 $704-1,102
 Lithium-Ion Battery $372-507 $754-1,005

Source: Adapted from Lazard’s “Levelized Cost of Storage-Version 2.0”

COST RANGES
Levelized costs of storage and capital costs are highly variable 
depending on the circumstance. Yet users must ascertain the 
costs of an energy storage system and determine if it provides 
enough value to outweigh those costs. Storage cost values are 
presented in different ways. The cost of capacity – or the max-
imum available instantaneous power output –  is expressed in 
terms of $ per MW. The cost to produce energy over time is 
usually expressed in terms of $ per MWh. For energy storage, 
it is difficult to create a standardized $ per MW or $ per MWh 
pricing construct through which different technologies may 
be compared on an apples-to-apples basis.  

Lazard’s Levelized Cost of Storage-Version 2.0, released in 
December 2016, provides ranges for the levelized cost of 
storage and capital costs of storage across technologies and 
services. For the purpose of illustration and comparison, 
this section of the report will summarize select elements of 
Lazard’s results. 

Lazard describes ten storage use cases, or services, of which 

The specific service for which a certain storage technology is designed 
carries particular capital and operating costs that may not be comparable to 
a different energy storage technology designed for a different service. 

six have been selected for analysis in this report. These six 
services tie to those detailed in Table 1, but are categorized 
differently. Lazard’s services are summarized below.
• Transmission System: Integrate renewable energy 

resources, provide voltage support, reduce congestion, 
defer investments, and shift demand

• Peaker Replacement: Replace gas turbine peaking 
units, provide capacity, and provide spinning and non-
spinning reserve

• Frequency Regulation: Balance power and maintain 
frequency

• Distribution Substation: Support peaking capacity and 
help maintain stability

• Distribution Feeder: Help maintain stability
• Microgrid: Help with ramping and support ability for 

microgrid to island Tables 4 and 5 provide a sampling of 
the levelized cost of storage and capital costs for energy 
storage technologies for these six services. Lazard deter-
mined specific operational parameters for each service to 
conduct the calculations. 

90 “Levelized Cost of Storage-Version 2.0.”
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Service Levelized Cost ($/MWh) Capital Cost ($/kWh)

Frequency regulation $190-277 $891-1,484

Transmission system  $267-561 $386-917

Peaker replacement $285-581 $417-949

Distribution substation $345-657 $432-901

Microgrid $372-507 $754-1,005

Distribution feeder $532-1,014 $459-931

Table 5: Levelized Cost of Storage for Lithium-Ion Batteries Across Services91 
Shown in order of increasing levelized cost

CHECKLIST

Determining the Value of Storage 

• Identify desired service(s)
• Consider any regulatory or market limitations

• Evaluate the dollar value of selected service(s)
• Choose a technology that can provide selected 

service(s)
• Determine technology costs for chosen service(s)

• Capital cost
• Fuel cost (e.g. this could be the cost of 

electricity to charge the battery)
• Operations and maintenance costs
• Any additional fixed or variable costs

• Calculate the levelized cost 
• Perform a cost-benefit analysis
• Compare the outcome with alternative technologies

91 Ibid.
92 “Solar Energy Storage Facility.” Village of Minster. October 20, 2015. http://www.minsteroh.com/town-crier-blog/solar-energy-storage-facility
93 Trabish, Herman K. “Inside the first municipal solar-plus-storage project in the US.” Utility Dive. July 5, 2016. http://www.utilitydive.com/news/inside-the-first-municipal-

solar-plus-storage-project-in-the-us/421470/
94 Anderson, Jeannine. “Village of Minster gets SEPA’s ‘Public Power Utility of the Year’ award.” PublicPowerDaily. September 6, 2016. http://www.publicpower.org/Media/daily/

ArticleDetail.cfm?ItemNumber=46582 
95 Runyon, Jennifer. “Village of Minster Energy Storage Project is Renewable Project of the Year.” Renewable Energy World. December 13, 2016. http://www.

renewableenergyworld.com/articles/2016/12/village-of-minster-energy-storage-project-is-renewable-project-of-the-year.html

CASE STUDY
Village of Minster, OH

The Village of Minster partnered with Half Moon 
Ventures, American Renewable Energy and Power, 
and S&C Electric Company to bring online a 7 MW 
energy storage system.92 Specifically, a LG Chem 
lithium ion battery was used. A 4.2 MW solar field 
was built concurrently. This solar plus storage effort 
helps integrate renewable energy, reduce demand, 
improve power quality, and defer other infrastructure 
improvement projects. In addition, Minster earns 
capacity credits and received lower transmission 
charges. This project was the first of its kind for a 
public power utility.93 Using a PPA, the cost for solar 
energy matches the average retail rate for electricity. 
The utility has earned various awards for this project 
including SEPA’s “Public Power Utility of the Year” 
award and Renewable Energy World’s Renewable 
Energy Project of the Year.94,95 The solar component 
of the project finished first in December 2015, and 
the battery component went online in April 2016. 

CASE STUDY

Source: Adapted from 
Lazard’s “Levelized Cost of 
Storage-Version 2.0”

The tables illustrate some key takeaways about the economic 
considerations of storage technologies. 
• Levelized costs and capital costs are highly variable. 
• The types of services dramatically impact the levelized 

costs and capital costs. 
• Different technologies used for the same service can yield 

widely different results for the levelized cost of storage. 
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Legislators and regulatory agencies at the state and federal 
levels are taking notice of the potential of energy storage 
to provide a variety of services to the grid. From funding 
research and development to adjusting laws and regulations, 
public power utilities have opportunities to inform policymak-
ers and guide the discussion on energy storage. 

DEVELOPMENTS AT THE STATE LEVEL
State activities range from regulatory policies to funding for 
energy storage projects. Public utility commissions and other 
state bodies are investigating barriers for energy storage, 
evaluating cost-effectiveness, and moving toward energy stor-
age targets or mandates. These activities are occurring more 
frequently, and many have happened in recent years. GTM 
Research found that by 2017, there were 140 policies and 
regulations in place or pending, related to energy storage 
installed on the utility’s side of the meter.96

Many regulatory developments are public utility commis-
sion actions. Although most public power utilities report to 
their own board or city council instead of the state’s public 
utility commission, monitoring activities from commissions is 
important because the policies put forth often reflect broader 
state or community interest. Similar to renewable portfolio 
standards, public power utilities can opt-in or follow along to 
show they are keeping pace with utility trends. 

States advancing energy storage through policy, legal, and 
regulatory developments include California, Massachusetts, 
New York, Nevada, Oregon, and Washington. 

California
California has the largest energy storage market of any state, 
and has pursued multiple activities to promote energy stor-
age. One example is Assembly Bill 33, which has the state in-
vestigating how bulk energy storage can aid in integration of 
renewables.97 In September 2017, the governor signed Senate 
Bill 338, which directs the California Public Utilities Commis-
sion (CPUC) to look at using distributed energy resources, 
including energy storage, to help meet peak demand in utility 
integrated resource plans.98 At the utility level, California is 
one of a few states to implement an energy storage mandate. 
By 2020, the state’s three investor-owned utilities must install 
1.3 GW of energy storage capacity.99,100

Massachusetts
Massachusetts is at the forefront of energy storage both in 
terms of regulatory developments and funding availability. 
On June 30, 2017, the state announced a 200-MWh energy 
storage target for the investor-owned utilities by 2020.101 To 
assist in the piloting of energy storage systems, the gover-
nor’s Energy Storage Initiative offers up to $10 million in 
funding to boost energy storage deployment. The governor 
signed “An Act Relative to Energy Diversity” in August 2016, 
prompting this target development. In September 2016, the 
Massachusetts Department of Energy Resources published a 
report, State of Charge, that found ratepayers would benefit 
from energy storage. 

96 Munsell, Mike. “21 US States Have Energy Storage Pipelines of 20MW or More.” Greentech Media. March 28, 2017. https://www.greentechmedia.com/articles/read/21-us-
states-have-energy-storage-pipelines-of-20mw-or-more

97 “Advancing Batteries to Enhance the Electric Grid.” 
98 “SB-338 Integrated resource plan: peak demand.” California Legislature. October 2017. https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB338
99 Olinsky-Paul, Todd. “Energy Storage State Policy Update.” Webinar by the Clean Energy States Alliance. May 3, 2016.
100 “Issue Brief: A Survey of State Policies to Support Utility-Scale and Distrusted-Energy Storage.” National Renewable Energy Laboratory. September 2014.
101 Anderson, Jeannine. “Massachusetts sets storage target of 200 MWh by 2020.” PublicPowerDaily. July 5, 2017. 

Sets 200 Megawatt-Hour Energy Storage Target.” Executive Office of Energy and Environmental Affairs. June 30, 2017. http://www.mass.gov/eea/pr-2017/doer-sets-200-
megawatt-hour-energy-storage-target.html

“Energy Storage Initiative (ESI).” Executive Office of Energy and Environmental Affairs. 2017. http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/energy-
storage-initiative/

POLICY, LEGAL, 
AND REGULATORY 
DEVELOPMENTS
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New York
New York’s Reforming the Energy Vision has a been a plat-
form to push for grid modernization. In 2010, the New York 
State Research and Development Authority organized the 
NY Battery and Energy Storage Consortium.102 The goal of 
this effort is to help foster energy storage in New York and 
provide recommendations to regulators. The consortium’s 
latest report outlines a goal of having 2 GW of energy storage 
capacity by 2025, and 4 GW by 2030.103 In December, a bill 
creating an energy storage deployment program and target 
was signed into law.104 The specific target will be established 
in January 2018. In June 2017, the authority announced 
$6.3 million in funding to support energy storage technolo-
gies.105 Within the state, New York City has been progressive 
in energy storage activities. In 2016, the city announced an 
energy storage target of 100 MWh by 2020.106 Drivers for this 
decision included renewable energy integration and improv-
ing system resiliency. 

Nevada
Nevada is currently tackling energy storage through regula-
tory investigations and funding streams. In accordance with 
a new law, the Public Utilities Commission (PUC) of Nevada 
must decide if utilities purchasing energy storage is in the 
public interest.107 The PUC will examine the cost effectiveness 
of energy storage as well as the establishment of an energy 
storage target.108 The law went into effect on July 1, 2017, and 
the PUC must deliver its findings by October 1, 2018. The 
governor signed the bill on energy storage at the same time 
as signing a bill that created a Solar Energy Systems Incentive 
Program, which also incentivizes energy storage. 

Oregon
Oregon has a 5 MWh energy storage utility mandate that 
went into effect in 2015.109 Investor-owned utilities must 
procure the energy storage systems by January 1, 2020. The 
same bill also had the Public Utilities Commission produce 
guidance materials by January of 2017. The state supports 
demonstration projects by providing funding for energy 
storage. Public power’s Eugene Water and Electric Board 
received $295,000 from the Oregon Department of Energy 
and Sandia National Laboratories in 2015 for a microgrid and 
energy storage pilot.110 

Washington
The state continuously initiates policies that help diver-
sify the state’s energy portfolio and reduce environmental 
impacts. With regulatory bodies investigating energy storage 
technologies and state departments providing grant fund-
ing for projects, Washington is at the forefront of advancing 
energy storage. Most recently, the Washington Utilities and 
Transportation Commission released a policy statement in 
October 2017 about energy storage technologies in resource 
acquisition and integrated resource planning.111 The com-
mission states that “energy storage is a key enabling technol-
ogy for utilities to accomplish the goals of the state’s energy 
policies, and that Washington’s investor-owned utilities 
should be working diligently to identify and pursue cost-
effective opportunities to incorporate energy storage into 
their systems.”112 The state also runs a Clean Energy Fund for 
grid modernization grants, and energy storage systems are 
eligible.113 Snohomish County Public Utility District, along 
with investor-owned utilities in the state, have benefited from 
this funding.114  

102 “Issue Brief: A Survey of State Policies to Support Utility-Scale and Distrusted-Energy Storage.” 
103 “Energy Storage Roadmap for New York’s Electric Grid.” New York Battery and Energy Storage Technology Consortium. January 2016. https://www.ny-best.org/sites/default/

files/type-page/39090/attachments/NY-BEST%20Roadmap_2016_finalpages.c.pdf
104 “Assembly Bill A6571.” The New York State Senate. March 9, 2017. https://www.nysenate.gov/legislation/bills/2017/A6571
105 “U.S. Energy Storage Monitor: Q3 2017 Executive Summary.” GTM Research. September 2017. 
106 “Climate Week: Solar Power in NYC Nearly Quadrupled Since Mayor de Blasio Took Office and Administration Expands Target.” City of New York. September 23, 2016. http://

www1.nyc.gov/office-of-the-mayor/news/767-16/climate-week-solar-power-nyc-nearly-quadrupled-since-mayor-de-blasio-took-office-and
107 “Sandoval Signs 29 Bills Including Multiple Energy Measures.” Office of the Governor. June 1, 2017. http://gov.nv.gov/News-and-Media/Press/2017/Sandoval-Signs-29-Bills-

Including-Multiple-Energy-Measures/
108 “Advancing Batteries to Enhance the Electric Grid.” 
109 “House Bill 2193.” Oregon Legislative Assembly. 2015. https://olis.leg.state.or.us/liz/2015R1/Downloads/MeasureDocument/HB2193
110 “Energy Storage.” Oregon Department of Energy. http://www.oregon.gov/energy/energy-oregon/Pages/Energy-Storage.aspx
111 “UTC: Energy storage key to electric utilities’ efficiency and service.” Washington Utilities and Transportation Commission. October 11, 2017. https://www.utc.wa.gov/

aboutUs/Lists/News/DispForm.aspx?ID=477
112 “Report and Policy Statement on Treatment of Energy Storage Technologies in Integrated Recourse Planning and Resource Acquisition” Washington Utilities and 

Transportation Commission. October 11, 2017.  
113 “Washington State Clean Energy Fund.” Department of Commerce. http://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/
114 “Draft Report and Policy Statement on Treatment of Energy Storage Technologies in Integrated Resource Planning and Resource Acquisition.” Washington Utilities and 

Transportation Commission. March 6, 2017.  
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DEVELOPMENTS AT THE NATIONAL LEVEL
At the national level, the Department of Energy (DOE) is 
working to advance energy storage through funding research 
and development projects, providing technical assistance, and 
reducing regulatory barriers to storage adoption.  

DOE’s Office of Electricity Delivery and Energy Reliability 
(OE) Energy Storage Program is a research and development 
effort that coordinates with industry and state energy orga-
nizations on the technical and economic aspects of energy 
storage technologies.115 The program supported the Sterling 
Municipal Light Department in Massachusetts to deploy 
storage at the public power utility. Another DOE entity, the 
Advanced Research Projects Agency, provides energy storage 
researchers with technical assistance and funding.116  

The Federal Energy Regulatory Commission’s (FERC) Notice 
of Proposed Rulemaking (NOPR) on Electric Storage Partici-
pation in Markets Operated by RTOs and ISOs is an effort to 
reduce barriers to electric storage participation in the whole-
sale markets. The American Public Power Association and 
the National Rural Electric Cooperative Association provided 
joint comments to FERC in February 2017 supportive of the 
effort, and stating that we hope that the full value of energy 
storage resources can be recognized.117   

Energy storage is also gaining attention in Congress, which 
introduced various bills affecting energy storage in 2017.118  
For example, Senate Bill 1851 calls for DOE energy storage 
research and development, and Senate Bill 1868 would allow 
energy storage to benefit from investment tax credits. Senate 
Bill 1875 supports increased grid flexibility, an issue tied to 
energy storage services. As of the time of this writing, none of 
these bills have moved from committee. However, the House 
Energy and Commerce Committee’s Energy Subcommittee 
passed House Bill 2880, the Promoting Closed-Loop Pumped 
Storage Hydropower Act, by voice vote in October 2017 and it 
has moved to full committee.119 

The Senate’s interest in advancing energy storage is also evi-
denced in the summary of the Energy and Natural Resources 
Act of 2017, which includes notable references to energy 
storage.  Section 2301 of the act directs DOE to “conduct a re-
search, development, and demonstration program for electric 

grid energy storage.”120 This appears to support continuation 
of OE’s Energy Storage Program. Later, Section 3005 “directs 
FERC to conduct a study on the barriers to the development 
and proper compensation of pumped storage hydro projects 
and provide recommendations to address such barriers.”121  

These measures suggest Congress and federal regulators may 
be interested in taking more proactive measures to advance 
energy storage at a national level.

CASE STUDY
Sterling Municipal Light 
Department, MA

The Sterling Municipal Light Department received 
funding from the Massachusetts Department of 
Energy Resources and the U.S. Department of 
Energy to add an energy storage system in support 
of the development of a utility microgrid. The NEC 
Energy Solutions 2 MW, 3.9 MWh lithium ion battery 
will help the utility reduce peak load, lower capacity 
payments, enhance system resiliency, and regulate 
system frequency.122 Energy arbitrage is seen as 
another potential value stream, where the utility can 
buy low and sell high in the market. The utility had 
previously experienced longer duration outages 
from ice storms, but interest in a microgrid solution 
peaked after Hurricane Sandy. A 3 MW solar array 
also exists within the utility’s distribution network. 
By connecting the storage system with the solar 
generation in a microgrid, the utility can ensure the 
capability of providing mission critical services from 
the local police station and dispatch center. The 
battery storage system went online in December 
2016.123 This project has received accolades such 
as the 2017 Smart Electric Power Association’s No. 
1 ranking for Utility Energy Storage Annual Watts 
Per Customer, and a 2017 Greentech Media Grid 
Edge award.

CASE STUDY
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Energy storage is gaining momentum, and from utilities to 
the federal government, people are taking note. Looking to 
the future, the American Public Power Association recom-
mends monitoring three major aspects of energy storage:
• Technological advancements
• Costs
• Regulatory developments

Technology advancements could help address some of the 
current limitations, such as capacity and energy density. As 
technology improves, the more services become relevant for a 
given technology, improving the overall economics. 

Also on the economic front, the decreasing costs of various 
technologies play a significant role in the future of energy 
storage. As demand for energy storage increases, manufactur-
ing efficiency will likely improve and leverage economies of 
scale to decrease the cost of energy storage technologies.

Regulatory and market developments are also key to the 
advancement of energy storage. Many states are currently 
examining the benefits of energy storage and identifying 
barriers. The outputs of these efforts have the potential to 
accelerate deployments through the development of storage 
targets or funding for pilot projects. Additionally, market 
nuances around energy storage currently limit energy storage 
value streams, so changes in this area could markedly alter 
the current landscape. 

In general, the rise of distributed energy resources is chang-
ing the traditional centralized construct of the energy system 
to one that is distributed with customers playing a greater 
role. Energy storage is one piece in the transition to a “utility 
of the future.” Depending on the technology choice and 
service variables, public power utilities may find energy stor-
age to be a unique asset that can help to serve communities 
with reliable, affordable, and environmentally responsible 
electricity.

GOING FORWARD WITH 
ENERGY STORAGE



2451 Crystal Drive
Suite 1000

Arlington, VA 22202-4804
PublicPower.org


