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Introduction
A significant transformation of the electric grid is currently underway, driven by the rapid growth of new 
energy technologies providing consumers and utilities with an increasing number of options for generat-
ing, using and managing energy. The grid is transitioning from a more static system with centralized elec-
tricity generation and management operations to one that is more dynamic and adaptable, where con-
sumers also play a role in managing generation and consumption to help balance the grid. 

One game-changing technology that is part of this transformation is energy storage, which allows utili-
ties, utility customers and third parties to store or release electricity on demand. Energy storage includes 
an array of technologies, such as electrochemical batteries, pumped storage hydropower, compressed air 
and thermal storage. Storage technologies can help meet peak demand when power prices are high, pro-
vide backup power during power outages, or help the grid adapt to sudden power generation fluctuations 
caused by changes in renewable energy production or a traditional power plant outage. 

Energy storage provides utilities, grid operators and consumers with an array of new options for managing 
energy, promising to increase the reliability and stability of the grid, defer capacity and transmission up-
grades and help with the integration of renewable resources. 

One attribute that makes energy storage unique is its scalability. It can be implemented as a large utili-
ty-scale project to help meet peak energy demand and stabilize the grid, or as a small system sited in a res-
idence or commercial facility to manage electricity costs and provide backup power. Figure 1 displays the 
projected annual amount of U.S. installations for utility scale and “behind the meter” storage, which is ex-
pected to top 7,000 megawatts (MW) by 2025-the amount of power generated by more than eight aver-
age sized natural gas power plants. 

Source: Wood Mackenzie and the Energy Storage Association, 2020

Fig. 1: Recent and Estimated (E) Annual Installation Rates  
for Energy Storage
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Since 2015, no electric resource increased its role in the U.S. electric grid as rapidly as energy storage. At 
the end of 2020, there was 10 times more battery energy storage than there was in 2014. Falling costs, 
regulatory changes, and state policies are expected to propel a rapid expansion of utility-scale installations 

https://www.woodmac.com/research/products/power-and-renewables/us-energy-storage-monitor/
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over the next five years, to about 5,000 MW per year. While these numbers capture only large utility-scale 
storage systems that are directly connected to the electric grid, customer-sited “behind-the-meter” energy 
storage investments—such as a residential battery pack to complement rooftop solar—are also beginning 
to accelerate and are expected to account for almost 30 percent of annual energy storage investments 
within the next few years.

The many ways in which energy storage can benefit the grid and consumers create both opportunities 
and challenges for state policymakers. Energy storage can increase resiliency, provide backup power during 
power outages, stabilize the grid, lower the cost of meeting peak power demand, increase the value of 
wind and solar installations, reduce transmission infrastructure costs, and provide numerous other bene-
fits. Since energy storage is a relatively new and unique technology that does not readily lend itself to es-
tablished regulatory regimes, many states will need to make changes to their regulations to take advantage 
of the many services that storage can provide. 

State legislatures have an important role to play in creating state policies that remove barriers to adop-
tion and encourage investment in storage technologies. This primer is designed to assist state lawmak-
ers in understanding how energy storage technologies work, the benefits that storage can deliver to the 
electric grid, the current legal and regulatory barriers to adoption, and policy options for addressing those 
obstacles. 

Electric Grid Basics
Traditionally, electricity had to be used as it was produced. It could not be stored in significant amounts 
and grid infrastructure and operations evolved to ensure that electricity generation could be increased 
or decreased at a moment’s notice to exactly match changes in demand. Grid operators, who ensure that 
electricity supply matches demand, must have resources ready to respond as the need for electricity var-
ies throughout the day and year. If supply is higher or lower than demand for too long, portions of the grid 
can shut down, creating a blackout. Maintaining this balance is critical and the grid has been designed 
around this need to quickly match momentary, daily and seasonal fluctuations in demand. 

Electricity demand fluctuates widely on a daily and seasonal basis, with more electricity being used on a 
hot summer day than during a comfortable spring evening. This variation has significant impacts on elec-
tricity prices and how the grid is planned for and built. Transmission, distribution and generation infrastruc-
ture is built to meet peak system needs, which may occur for only a few hours a year. This may not be the 
most efficient approach to meeting needs since customers are paying for infrastructure that remains un-
used for most of the year. Because generators are typically deployed in order of their operating cost, the 
most expensive generators are used during periods of highest demand, meaning that electricity prices are 
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significantly higher during periods of peak consumption. Other technologies and approaches, such as stor-
age and demand response, in some cases can meet grid needs more cost-effectively than transmission and 
generation upgrades, especially during high-cost peak load periods.

To ensure the availability of power, system operators use weather and historical consumption trends to 
forecast demand. They use this data to determine which energy resources should be held in reserve, ready 
to increase or decrease electricity production at a moment’s notice. These “dispatchable” energy sources 
have tended to be natural gas or hydropower. Flexible, dispatchable resources are on-demand resources 
that can quickly respond when called upon to meet grid needs. Coal and nuclear plants typically are less 
flexible resources and are designed to run at full output. As a result, the grid has historically relied on more 
flexible resources, such as natural gas or hydropower, to meet sudden changes in demand. Energy storage 
and demand response add additional flexible resources to the system operator’s toolkit, providing them 
with more options for balancing the grid.

Demand response is the ability to reduce demand for electricity in response to either economic signals or 
requests from grid operators or utilities. Demand response programs enable utilities to adjust a bill payer’s 
heating, cooling or other energy services—or send signals allowing the consumer to make these adjust-
ments—typically in exchange for monetary credits on their monthly electric bills. Demand response pro-
grams already are used across much of the country to cost-effectively meet grid needs and help balance 
supply and demand. 

The rapid growth of wind and solar is also influencing how the grid is balanced since the electricity output 
of these resources varies based on weather, the time of day and the time of year, requiring more flexibili-
ty from the grid. Figure 2 provides the power generation and consumption information for a recent day in 
California, illustrating the “duck curve” shape that can result when solar makes up a larger portion of the 
energy mix. The red line shows how electric demand, also called “load,” changes during the day. Subtract-
ing wind and solar production from total electric demand produces the green “Net Load” line, which is 
what grid operators look at when balancing the grid.  

Source: California Independent System Operator (California ISO) 

Fig. 2: CAISO Net Load for Friday, Dec. 18, 2020

For Operating Day:

Comparison to Load
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The information contained in this report is preliminary and subject to change without notice. No inference, decision or conclusion should be made based on the information in this report or any series of 
these reports. All values are hourly average unless otherwise stated. Questions about this report should be directed to the ISO Service Desk at 916-351-2309 or 888-889-0450.

The first graph provided on this page shows how much energy renewable resources are contributing to the grid,  and  when those resources are producing their daily 
maximum and how that production correlates to the maximum energy demand.
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Source: http://content.caiso.com/green/renewrpt/20201218_DailyRenewablesWatch.pdf

While less conventional generation is needed to meet the net load, higher amounts of renewables in the 
mix may create larger swings—note that the morning and evening ramps on the green net load line are 
much steeper than those on the red load line. Previously, quickly adjusting the output of natural gas or hy-
dropower plants was the only way to meet these rapid changes. Energy storage, along with demand re-
sponse, offers grid operators a more flexible and a potentially less costly option for balancing the grid. 

http://content.caiso.com/green/renewrpt/20201218_DailyRenewablesWatch.pdf
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Energy Storage and Demand Response Create a More Flexible Grid
The image below shows how energy consumption, with the aid of energy storage and demand response, can be shaped to help 
match the changing power output of solar (shown as the yellow line) throughout the day. The image illustrates how electricity de-
mand from drying clothes, storing electricity in a battery, heating water, and cooling a building can be shifted to when cheap solar 
power is most abundant on the grid. Energy storage will play an increasingly important role as states reach higher levels of renew-
able energy generation. 

Source: Rocky Mountain Institute (RMI) , 2018

Figure 3. Flexible Versus Inflexible Load Profile

DEMAND FLEXIBILITYINSIGHT BRIEF   02 
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address this mismatch. While solar generation reaches its peak around midday when the sun is 

high in the sky, peak demand usually occurs later in the afternoon and early evening as 

temperatures peak and families return home. To adjust this misalignment, demand flexibility 

technologies can shift electricity consumption from times of high load to hours with high renewable 

availability.

This load shift reduces overgeneration, lowers peak demand, and mitigates the steep ramping needed 

to serve high midafternoon electricity needs as the sun goes down. Previous RMI work has shown that 

demand flexibility can result in significant benefits at the household level. Figure 1 illustrates how a 

simulated residential customer in Hawaii could shift household electricity consumption to the middle of 

the day when PV generation peaks by using a suite of technologies, including battery energy storage, 

managed electric vehicle charging, and smart air conditioning controls. 

Figure 1: Impact of demand flexibility on residential load profile
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Figure 1’s two different load profiles show how using automated communication and control 

technologies can shift electricity use across hours of the day, without any significant impact on the 

quality of service that a customer would receive from those end-use loads, and without requiring 

that customers are at home in the middle of the day waiting to use their washing machine during 

Energy Storage Technology Types
Given recent commercial developments and deployments, energy storage has largely become synony-
mous with lithium-ion batteries. Energy storage, however, includes many different technologies, each with 
unique capabilities and limitations. 

Unlike a power plant, which can continue providing electricity as long as it remains connected to its fuel 
source, energy storage can provide electricity for only a limited amount of time before it needs to be re-
charged. Energy storage systems are given an energy rating, expressed in kilowatt-hours (kWh) or mega-
watt-hours (MWh) to indicate how much energy the system can hold. Energy storage systems also have a 
power rating indicating the maximum amount of electricity they can provide at a point in time, expressed 
in kilowatts (kW) or megawatts (MW). For example, a 100 MW, 400 MWh system could either supply 

https://rmi.org/wp-content/uploads/2018/02/Insight_Brief_Demand_Flexibility_2018.pdf
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100MW of power to the grid for 4 hours, or 50MW of power to the grid for 8 hours.

There are five major types of energy storage:

• Potential: Energy is stored as potential energy, such as water behind an impoundment or compressed 
air in an underground cavern.

• Mechanical: Energy is stored as potential kinetic (physical) energy, such as in a spinning flywheel, 
which is then used to generate electricity.

• Electrochemical: Energy is stored in chemical reactions, which can be reversed to release the stored 
energy.

• Thermal: Energy is stored as heat or cold, which is then used to offset future electrical needs or to 
generate electricity.

• Power to Gas: Energy is used to create a gas, usually hydrogen, that can then be used as fuel to gen-
erate electricity.

Because of their unique nature, the capabilities of energy storage technologies are measured in different 
ways than generation assets. The most commonly used forms of energy storage are summarized below. 
These summaries describe each technology in these key terms: 

• Duration—how long it can provide energy before needing to be recharged.

• Cycle life—how many charge/discharge cycles it can provide.

• Round-trip efficiency—how much of the energy used to charge the device will be returned to the grid 
when it is discharged.

• Response time—how quickly it can produce electricity.

• Summaries also include the grid applications and the key limitation of each technology. 
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Description Key Characteristics Applications Response Time Limitations

EL
EC

TR
O

CH
EM

IC
A

L

Lithium Ion Batteries
Small cells aggregated in to projects of 
various sizes

• Duration: 30 minutes -  
4 hours

• Cycle life: 3,500
• Round-trip efficiency: 85%
• Highly flexible

• Capacity 
• Ancillary 

Services
• Customer

Fast Flammability, 
recyclability

Flow Batteries
Negatively and positively charged electrolytes 
are circulated around a membrane to 
generate an electric current

• Duration: 4-8 hours
• Cycle life: 10,000
• Round-trip efficiency: 70%
• Highly flexible

• Capacity 
• Ancillary 

Services
• Customer

Fast Limited 
experience, 
mechanical 
challenges

Sodium Batteries
Use molton or solid sodium technology

• Duration: 15 minutes
• Cycle life: 200,000
• Round-trip efficiency: 85%
• Highly flexible

• Capacity 
• Ancillary 

Services

Fast High operating 
temperature

Power to Gas
An electrolyzer uses an electric current 
to separate the hydrogen from water and 
capture it as a fuel that can be used in a 
fuel cell or burned for electric generation. 
Because electrolyzers can be turned on or off 
on demand, they can be flexible grid assets.

• Duration: N/A
• Cycle life: N/A
• Round-trip efficiency: 

35% (National Renewable 
Energy Laboratory)

• Highly flexible 
(elecyrolyzer)

• Moderately flexible 
(hydrogen fuel)

Electrolyzer:
• Demand 

response
• Frequency 

regulation
Hydrogen Fuel:
• Capacity
• Spin/non-spin 

reserve

Moderate to 
fast

Lack of delivery 
infrastructure 
for hydrogen, 
very low round-
trip efficiency

TH
ER

M
A

L

Ice Thermal Storage
Electricity
Used to freeze water, which can later be used 
to offset air condtioning needs

• Duration: 4 - 6 hours
• Can shift up to 95% of 

HVAC loads to off-peak 
times

• Demand 
Response

N/A Does not return 
electricity to the 
grid

Concentrating Solar
Mirrors 
Directs sunlight at at tour or pipe where a 
molten salt traps the heat and used it to 
power a turbine

• Duration:  6 - 12 hours
• Round-trip efficiency: 85%
• Moderate flexibility

• Capacity 
• Spinning/

non-spinning 
reserve

Moderate Geographic 
constraints

M
EC

H
A

N
IC

A
L

Pumped Storage Hydro
Water is pumped uphill and stored, then 
released to run back down and power a 
turbine

• Duration: 8+ hours
• Cycle life: 15,000
• Round-trip efficiency: 80%
• Limited flexibility

• Capacity 
• Spinning/

non-spinning 
reserve

Slow-responding                          
Next-generation 
technologies 
may achieve 
moderate 
response

Geographic 
constraints

Compressed Air
Air is compressed in enclosed space, then the 
pressurized air is released as need to power 
a turbine

• Duration: 8+ hours
• Cycle life: 10,000
• Round-trip efficiency: 50%
• Limited flexibility

• Capacity 
• Spinning/

non-spinning 
reserve

Slow to 
moderate

Geographic 
constraints

Flywheels
Energy is stored by spinning a large rotating 
flywheel/cylinder, a generator attached to the 
cylinder can convert the rotational energy to 
electricity as needed

• Duration: 15 minutes
• Cycle life: 200,000
• Round-trip efficiency: 85%
• Highly flexible

• Frequency 
regulation

• Frequency 
response

Fast Short duration

Benefits of Energy Storage
The electric grid can be broadly divided into four segments: generation, transmission, distribution and 
customer (also known as “behind-the-meter”). Customers are connected to large, central electric genera-
tors by two delivery systems: a high-voltage transmission system that moves large quantities of electricity 
across long distances, and a low-voltage distribution system that delivers electricity to customers. Energy 
storage technologies provide several benefits across all four segments:

https://protect-us.mimecast.com/s/6swwCZ6DR9T5XknQhjI5Ux
https://protect-us.mimecast.com/s/6swwCZ6DR9T5XknQhjI5Ux
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• At the generation level, storage can shift energy produced during low-demand periods to high-de-
mand periods, lowering generation costs and increasing system reliability. 

• When deployed at the transmission and distribution levels, storage can improve reliability by man-
aging power flows or can be sited to reduce congestion on powerlines, deferring or displacing costly 
system upgrades. 

• At the customer level energy storage can be deployed on-site to manage their energy costs and pro-
vide backup power.

 Two primary benefits of energy storage are:

• Flexibility: Many energy storage technologies can switch between charging or discharging on a mo-
ment’s notice and can instantaneously alter input or output based on grid needs, which enables them 
to provide a wide range of services.

• Scalability: Many energy storage technologies are modular in nature, meaning that they can be scaled 
up to meet the needs of many customers at once or scaled down to support the needs of a single 
customer.

NATIONAL CONFERENCE OF STATE LEGISLATURES iv

Is Energy Storage Clean?
Energy storage is often touted as a clean energy resource. The emissions reduction achieved, 
however, depends on how the stored electricity was generated. If a storage facility is charged 
with electricity from renewable resources, then its output is equally clean and emissions-free. 
When charged with electricity generated from fossil fuel power plants, its output will actually 
be higher in emissions than the electricity coming directly from the fossil fuel plant. This is due 
to the energy that is lost when electricity is stored and then discharged. Battery and pumped 
storage, for example, return about 80 percent of the energy that is initially stored in them. This 
means that emissions can increase if too much of the stored energy is created by fossil fuels. 
Since the mix of energy resources on the grid varies by the time of day, the timing of electricity 
storage and discharge can affect the clean energy benefits of storage. This is a concern for states 
that are trying to harness clean energy and storage to meet greenhouse gas reduction goals. 

The California Public Utilities Commission (CPUC) found, through a storage impact evaluation re-
leased in 2018, that some storage projects were increasing emissions. To address this issue, the 
CPUC changed storage policy incentives to be more reliant on annual emissions reductions. They 
also developed a platform that provides real-time grid-emissions data to help customers better 
manage energy storage and other distributed resources. Since battery owners optimize use for 
financial return, not emissions reductions, sending market price signals that increase financial 
returns for charging when the grid emissions profile is cleaner can be effective for keeping stor-
age emissions low. The Massachusetts Clean Peak Standard, highlighted in the policy section be-
low, is another approach that is being considered.

Barriers to Energy Storage Deployment
Historically, the complex processes by which the U.S. electric grid is planned and operated are geared to-
ward large, centralized generators that can be controlled, but are generally not very flexible. The ways 
electricity is produced and used, however, are changing, creating a greater need for flexible resources like 
energy storage. But the ways in which we plan and operate the grid do not recognize the value of those re-
sources nor compensate them for the services they provide. 

Energy storage technologies possess a unique combination of flexibility and scalability. While this combi-
nation enables storage to provide a wide range of valuable grid services, it also means that the technolo-

https://www.eia.gov/todayinenergy/detail.php?id=46756
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/Customer_Gen_and_Storage/SGIP%20Advanced%20Energy%20Storage%20Impact%20Evaluation.pdf
https://www.utilitydive.com/news/california-puc-unveils-proposed-fix-to-storage-incentive-program-quantifyi/532573/
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gies do not naturally fit within traditional regulatory structures, which were developed in an era marked by 
large, centralized and dispatchable generators serving predictable customer loads through a one-way de-
livery system. 

Valuing energy storage assets is a challenging endeavor. Benefits vary by location and depend on factors 
like energy market structure, generation mix, utility rates, and transmission and distribution infrastructure. 

SYSTEM RESOURCE PLANNING

While some regions of the U.S. select generation resources through competitive market processes, many 
states rely on integrated resource plans (IRPs), which utilities prepare to identify the future demand of 
their customers and the portfolio of grid investments that is most cost-effective in meeting that demand. 
The objective of the plan is to identify future energy demand and then build a portfolio of resources that 
will always meet the demand. 

To make the complex task of forecasting and meeting demand a manageable process, IRPs often make 
three assumptions that reduce their ability to identify the value of energy storage technologies: 

1. Planners look at the system on an hourly basis—treating customer demand as fixed for that hour de-
spite customer and grid needs being much more variable. The hourly IRP model does not value flex-
ible energy storage resources, which can rapidly respond to the variation that renewable generation 
and changing customer use patterns introduce into the system. 

2. Rather than consider other resources that can support and stabilize the grid, such as energy storage, 
IRPs tend to focus on keeping a reserve margin of generation to meet grid needs. 

3. Finally, IRPs tend to focus on generation only, basically setting aside the transmission and distribution 
systems that play a large role in balancing the grid. 

Since state legislatures created utility integrated resource planning requirements, they have often updat-
ed requirements to incorporate new technologies and policy goals. State actions to include storage in the 
planning process are explored in the legislative action section.  

TRANSMISSION PLANNING

Federal regulations require any utility that owns an interstate transmission system to conduct a transpar-
ent planning process to identify transmission system upgrades, and to then participate in a regional trans-
mission planning process to identify opportunities for projects of regional significance. In setting these 
requirements, federal regulators also directed transmission planners to consider non-transmission alterna-
tives, such as demand response and energy storage, when evaluating their options for meeting an identi-
fied system need. FERC’s directive for transmission planners to analyze energy storage alternatives, how-
ever, only applies when a stakeholder requests the analysis. The lack of clear guidelines for how and when 
such alternatives should be proposed and analyzed appears to be a limiting factor.

Energy storage is a unique technology that does not naturally fit within the transmission planning process. 
The U.S. Congress first identified energy storage as a potential transmission solution in the Energy Policy 
Act of 2005 and FERC’s orders on transmission planning in 2007 and 2011 reinforced this approach. None-
theless, it was not until 2018 that a regional system plan (from the California Independent System Oper-
ator, or CAISO) conducted a detailed study of energy storage for transmission purposes and ended up se-
lecting energy storage as the alternative. 

DISTRIBUTION SYSTEM PLANNING

With the rapid expansion of distributed energy resources (DERs), more states are requiring utilities to en-
gage in integrated distribution system planning, which directs them to assess physical and operational 
challenges in the distribution system and prepare it for anticipated growth of distributed energy resources 
and other grid technologies. These efforts require utilities to look at the challenges facing specific sections 
of their systems caused by load growth, increased penetration of DERs and aging infrastructure. Integrated 
distribution system planning is intended to be transparent to policymakers and the public.

https://emp.lbl.gov/publications/regional-transmission-planning-review
https://emp.lbl.gov/publications/regional-transmission-planning-review
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To promote this process, DOE has supported a joint effort between the National Association of Regulatory 
Utility Commissioners (NARUC) and the National Association of State Energy Officials (NASEO) to create a 
forum for states to develop new approaches for utility system and resource planning. The NARUC-NASEO 
Comprehensive Electricity Planning Task Force recently released its Blueprint for State Action, which sup-
ports states seeking to align electricity system planning processes in ways that meet their own goals and 
objectives. The Blueprint provides a step-by-step approach for states that are preparing for increased inte-
gration of many different types of distributed energy or are engaging in new distribution planning efforts.

MARKET OPERATIONS

In several regions around the U.S., states have permitted the electric utilities serving their residents to join 
regional energy markets, which are operated by an independent operator known as an independent sys-
tem operator (ISO) or regional transmission organization (RTO).

Because these market structures were de-
signed when the grid was predominantly 
served by large, centrally located genera-
tors, they limit the ability of smaller, more 
flexible resources like energy storage, to 
participate. Some markets defined the re-
sources allowed to provide certain services 
in ways that excluded or limited storage. 
For example, energy storage, because of 
its flexibility and ability to instantly respond 
to grid operator signals, can provide many 
grid services more efficiently than tradi-
tional generators, which require time to al-
ter their production. Despite this, markets 
initially provided equal compensation for 
all participating resources, regardless of 
their performance. 

Because the regional energy markets span 
across states, the Federal Energy Regula-
tory Commission has authority over their 
market design. In 2018, the commission 
issued Order 841, a sweeping order that 
required regional markets to update all of 
their market products to account for the 
unique capabilities of energy storage de-
vices and properly compensate them for 
the services they provide. Every region’s 
plan for complying with Order 841 has 
been approved, and the regions are mov-
ing forward at various speeds to implement necessary changes over the next few years. 

While Order 841 laid the groundwork for utility scale energy storage, FERC Order 2222, issued in 2020, en-
ables distributed energy resources, including energy storage located on the distribution grid or behind a 
customer’s meter, to compete alongside traditional energy resources in regional electricity markets. The 
rule allows aggregators to combine several sources of DERs to satisfy minimum size and performance re-
quirements needed for market participation. These adjustments to market operations are increasing the 
business case for energy storage by allowing owners to benefit from the multiple services that their stor-
age assets can provide to the grid—such as demand response, frequency stabilization or meeting peak 
load. Storage owners can adjust which services they provide based on what the market is paying for these 
services at different times. 

In many states with restructured energy markets, generation assets cannot be owned by the distribution 

https://pubs.naruc.org/pub/14F19AC8-155D-0A36-311F-4002BC140969
https://www.ferc.gov/media/ferc-order-no-2222-fact-sheet
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utility. If a state classifies energy storage as a generation asset, a distribution utility will be unable to install 
storage regardless of its intended use. The implications of this scenario were highlighted in Texas in 2019, 
when AEP’s request to install energy storage on the distribution system was rejected by the PUC since Tex-
as law classifies energy storage as generation. 

State Legislative Actions Supporting Energy Storage 
Across the U.S. a growing number of state lawmakers are focused on policies that support energy storage. 
Nearly 400 energy storage-related measures were introduced in 2019 and 2020 and of those, 77 were en-
acted or adopted in 27 states. This is more than triple the number of bills introduced in 2017 and 2018. 
Four states have enacted or adopted more than a dozen measures related to energy storage so far in 2021. 

While decisions carried out by federal regulators and regional market operators have an impact on state 
energy storage policy, state policymakers—and state legislators in particular—are instrumental in enact-
ing policies that remove barriers to adoption and encour-
age investment in storage technologies. Legislatures have 
taken varied approaches to accelerate adoption of ener-
gy storage, with some states enacting energy storage pro-
curement targets and others focusing on creating pro-
grams that promote and fund developing technology. 

States have also focused on removing regulatory barriers 
to adopting energy storage by requiring or authorizing util-
ities to consider energy storage in resource planning and 
by creating standards for connecting storage resources to 
the grid. Additionally, some states are focused on integrat-
ing energy storage into existing renewable energy policy 
and looking to encourage pairing renewables with storage. 

As the energy sector in many states moves toward a cleaner and more diverse energy mix, legislatures are 
also considering policies that promote economic growth in advanced energy industries and provide train-
ing to equip the workforce with the skills needed to keep pace with a constantly evolving energy sector. Ex-
amples of recently enacted legislation that apply each of these policy tools follows. 

PROCUREMENT TARGETS 

One major tool for increasing the deployment of energy storage technologies is setting a storage target 
that requires the state to procure a certain amount of energy storage, measured in megawatts (MW) or 
megawatt-hours (MWh), by a specific date. States have accomplished this through a combination of legis-
lative and regulatory actions, with California being the first to enact storage target legislation in 2010.

Since then, six other states— Massachusetts, New Jersey, New York, Nevada, Oregon  and Virginia—have 
followed suit, with New York and Virginia being two of the latest to successfully enact legislation establish-
ing mandatory targets for energy storage. As part of New York’s Climate Leadership and Community Protec-
tion Act of 2019, the legislature directed the state to create programs to achieve specific deployment targets 
for renewable energy and storage technologies, including 6,000 MW of solar by 2025, 3,000 MW of ener-
gy storage by 2030 and 9,000 MW of offshore wind by 2035. In 2020, Virginia also enacted comprehensive 
clean energy legislation that in part requires utilities to petition the State Commerce Commission for ap-
proval to acquire or construct a combined 3,100 MW of new energy storage resources by the end of 2035. 

MAKING SURE ENERGY STORAGE IS CLEAN

Storage technologies can support state clean energy policy goals when paired with clean and renewable 
generation. This requires carefully crafting legislation to ensure storage technologies are deployed in a way 
that supports clean energy resources and reduces emissions. Massachusetts enacted clean energy legis-
lation in 2018 that created the legal framework for the nation’s first clean peak standard. The program’s 
implementing regulations require utilities to supply a certain percentage of retail electric sales with “clean 
peak resources” including stored renewable energy and renewables plus storage. 

https://www.utilitydive.com/news/texas-regulators-defer-to-legislature-on-utility-ownership-of-energy-storag/546366/
https://energystorage.org/energy-storage-goals-targets-and-mandates-whats-the-difference/
https://www3.dps.ny.gov/W/PSCWeb.nsf/All/56C58A580D2CF2E185257FD4006B90CE?OpenDocument
https://www3.dps.ny.gov/W/PSCWeb.nsf/All/56C58A580D2CF2E185257FD4006B90CE?OpenDocument
https://lis.virginia.gov/cgi-bin/legp604.exe?201+ful+SB851ER
https://lis.virginia.gov/cgi-bin/legp604.exe?201+ful+SB851ER
https://malegislature.gov/Laws/SessionLaws/Acts/2018/Chapter227
https://malegislature.gov/Laws/SessionLaws/Acts/2018/Chapter227
https://www.mass.gov/clean-peak-energy-standard
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States have also recently considered more targeted legislation on the topic. For example, Oregon enact-
ed HB 2618 in 2019, which directed the State Department of Energy to adopt rules for a rebate program 
for purchasing, constructing or installing solar energy systems and solar paired with storage. The program 
offers a rebate of $7,500 for homeowners installing solar paired with storage. It also allocates 25% of an-
nual rebate funding for serving low- and moderate-income households. Maine’s SB 565, enacted in 2019, 
authorizes the Public Utilities Commission to establish rules to encourage the procurement of distributed 
generation resources using “renewable fuel or technology” paired with energy storage. 

INCLUDING STORAGE IN THE PLANNING PROCESS

States are also supporting energy storage by implementing policies that encourage or require utilities to 
integrate energy storage into their resource planning. Virginia enacted SB 632 (2020), which amends the 
state’s utility integrated resource planning requirements to require that utilities consider “developing a 
long-term plan to integrate new energy storage facilities into existing generation and distribution assets to 
assist with grid transformation.” Colorado’s SB 236, enacted in 2019, directs the state Public Utility Com-
mission to establish rules requiring that utilities submit distribution system plans that incorporate “adop-
tion of distributed energy resources” including “energy storage systems connected to the distribution grid” 
among other technologies. South Carolina’s Energy Freedom Act (HB 3659), enacted in 2019, in part re-
quires that utility integrated resource plans include resource portfolios to fairly evaluate “the range of de-
mand-side, supply-side, storage, and other technologies and services available to meet the utility’s service 
obligations.” 

Some states are also focused on encouraging utilities to invest in broader grid modernization improve-
ments that include a role for energy storage. New Mexico’s HB 233, for example, enacted in 2020, authoriz-
es utilities to submit applications to the Public Regulation Commission for approval of grid modernization 
projects, including energy storage projects that support “grid stability, power quality, reliability or resiliency 
or provide temporary backup energy supply.” 

NATIONAL CONFERENCE OF STATE LEGISLATURES iv

Energy Storage and the 2021 Winter Storm In Texas
In February 2021, winter weather in Texas caused power outages that left more than 4 million 
homes and businesses without power for nearly a week, resulting in more than 50 deaths and 
widespread hardship. Could energy storage have played a role in preventing this disaster?

With widespread grid failures on this scale, energy storage would have to make up a much larg-
er share of system capacity than it currently does to change the dynamics, although it can re-
spond to sudden system fluctuations by providing ancillary services, like frequency and voltage 
regulation.

Distributed energy storage systems equipped for emergency scenarios, however, do have the 
potential to soften these types of hardships. These systems could help residents power critical 
loads, such as heaters during extreme cold or plug-in medical devices, while the power is out. 
Given that solar PV (photovoltaic) performed well during the winter storm, homes with rooftop 
solar and battery storage may have been able to recharge battery systems throughout the grid 
outage. 

This situation highlights the limitations battery storage technologies have to address disasters. 
The current discharge limitations would have restricted the effectiveness of most of the newer 
energy storage systems during an event that lasted many days. These types of events highlight 
the need for storage systems with the capacity to supply power over a longer period of time. On 
a larger system level, if energy storage were to be positioned to support the widespread genera-
tion failures seen in Texas, it would have required not only a massive increase in storage capaci-
ty, but also storage projects with weeks-long or seasonal capacity reserves.

https://olis.oregonlegislature.gov/liz/2019R1/Measures/Overview/HB2618
https://www.mainelegislature.org/legis/bills/display_ps.asp?LD=1711&snum=129
https://lis.virginia.gov/cgi-bin/legp604.exe?201+ful+CHAP1190
https://leg.colorado.gov/sites/default/files/2019a_236_signed.pdf
https://www.scstatehouse.gov/query.php?search=DOC&searchtext=3659&category=LEGISLATION&session=123&conid=36546830&result_pos=0&keyval=1233659&numrows=10
https://www.nmlegis.gov/Legislation/Legislation?Chamber=H&LegType=B&LegNo=233&year=20
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RESILIENCY AND LONG-DURATION STORAGE

Several states have turned to energy storage not only to complement clean energy policies, but also to pro-
tect residents and critical services during disasters. Some of the most destructive natural disasters in our 
nation’s history have occurred in recent years—from hurricanes in the Gulf and flooding in the Midwest to 
wildfires in the West. Many of the states affected by such events have looked for ways to mitigate the de-
struction of future disasters by making electric service more resilient, and energy storage has increasingly 
played a role in policymakers’ considerations. In some cases, resiliency measures focus on energy storage 
specifically or on backup power and microgrids more broadly—with energy storage as one of several po-
tential tools.

In California, lawmakers enacted AB 1144 in 2019, which requires state regulators to allocate a certain per-
centage of the state’s Self-Generation Incentive Program to community storage pilot projects focused on 
districts at high risk of wildfires. That same year, California enacted SB 167, which requires electric compa-
nies to identify ways to mitigate the impacts of de-energization events—when utilities shut off power to 
portions of the grid to avoid sparking a fire during periods of elevated fire risk. The bill authorizes finan-
cial assistance for customers who use medical equipment that requires electricity, to assist in acquiring ad-
equate backup power resources. Similarly, Virginia and Puerto Rico enacted legislation requiring certain 
places—such as assisted living facilities and daycare centers—to have sufficient backup power on-site for 
use during power outages. Virginia also enacted SB 350, which established the Emergency Shelters Up-
grade Assistance Grant Fund to provide matching grants to localities to upgrade backup energy systems at 
emergency shelters. Hawaii considered HB 1583 (2019) that would have authorized the state Department 
of Education to evaluate renewable-powered backup energy systems at its schools, which serve as emer-
gency shelters.

Most lithium-based technologies are limited to around four-hour discharges. Entities often opt to deploy 
backup diesel or natural gas generators because backup generation resources typically must be service-
able for up to three days. To address the current shortcomings of storage technologies, some states have 
sought to incentivize competing technologies with different technical characteristics, such as long-duration 
pumped hydro facilities. Oregon adopted SCR 1 in 2019, declaring the legislature’s support for pumped 
storage projects that offer longer-duration discharge, and California has considered at least four bills—As-
sembly Bill 1720 (2019), Assembly Bill 2255 (2020), SB 597 (2019) and SB 772 (2019)—seeking to establish 
incentives for long-duration storage. Most recently, California Assembly Bill 64 (pending 2021) “would re-
quire the the development of 5 gigawatts (GW) of “clean, long-term backup electricity” by 2031, and an 
additional 5 GW of long-term backup power each of the following years through 2045. In order to leave 

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB1144
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB167
https://lis.virginia.gov/cgi-bin/legp604.exe?191+sum+SB1077
https://lis.virginia.gov/cgi-bin/legp604.exe?ses=201&typ=bil&val=sb350
https://www.capitol.hawaii.gov/Archives/measure_indiv_Archives.aspx?billtype=HB&billnumber=1583&year=2020
https://olis.leg.state.or.us/liz/2019R1/Measures/Overview/SCR1
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB1720
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB1720
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB2255
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB597
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200SB772
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220AB64
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the target open to new storage and technological developments, the legislation only defines this type of 
resource as being able to “deliver electricity for weeks at a time. 

Some states are continuing to evaluate pumped storage hydropower as an effective source of long dura-
tion storage. For example, Washington enacted HB 2819 (2020), which designates pumped storage proj-
ects be located in a county near the Columbia River for expedited permit processing. Garnering support for 
pumped-storage hydropower, however, can be challenging given the potential negative environmental im-
pacts associated with such projects.

INTERCONNECTION 

To create a regulatory environment that supports energy storage as a distributed energy resource, legisla-
tures have also focused on interconnection requirements and ensuring that distributed resources can con-
nect to the grid in a timely and efficient manner. South Carolina’s Energy Freedom Act (HB 3659) enacted 
in 2019, in part directs the Public Service Commission to establish interconnection standards for renew-
able energy facilities that provide for timely and efficient processing of requests and provide a process for 
“amending existing requests to include energy storage.” In 2018, Colorado lawmakers enacted SB 9, which 
establishes the right of customers to interconnect energy storage systems to the grid and directs the Pub-
lic Utilities Commission to establish rules for customers seeking to install and interconnect energy storage. 
And, legislators in California enacted AB 546 in 2017, which requires certain cities and counties to make 
all permitting documentation and requirements for advanced energy storage systems available on public 
websites, including providing applications, guidance, best practices and other factors under consideration 
by local governments.

FINANCING AND TAX INCENTIVES 

States also often consider creating tax credits or other tax incentives to encourage individuals and business-
es to purchase and install energy systems, including systems for renewable energy and energy storage. For 
example, in 2020 Maryland enacted HB 980, which defined taxpayers eligible for the state’s energy stor-
age tax credit to include individuals and businesses and increased the maximum allowable credit amount 
for systems installed on commercial properties from $75,000 to $150,000 or 30% of the total installed cost, 
whichever is less. New Hampshire also recently enacted an energy storage tax incentive through HB 464 
(2019), which authorizes localities to adopt a property tax exemption for energy storage systems. 

Additionally, states are looking to provide financing for energy storage projects and upgrades. Some states 
have accomplished this by updating existing or creating new residential or commercial Property Assessed 
Clean Energy (PACE) programs (which offer residential or commercial building owners low-cost financing 
for renewable energy and energy efficiency improvements) to also include financing for energy storage. 
Illinois lawmakers enacted HB 3501 (2019) amending PACE laws to provide for financing of resiliency im-
provements, including energy storage. And the Washington Legislature enacted HB 2405 (2020) authoriz-
ing localities to implement a commercial PACE program that provides financing for improvements related 
to increasing resilience, including energy storage. 

TECHNOLOGY DEMONSTRATION PROGRAMS AND STUDIES 

State legislatures are also supporting emerging energy storage technologies and capabilities by facilitating 
pilot and demonstration programs. In many cases, state legislatures appropriate funding and issue direc-
tives to state PUCs to implement these programs, which provides both regulators and utilities with clear 
guidance over how to proceed with this emerging suite of technologies. California’s Assembly Bill 1144, 
mentioned previously, is focused on amending an existing technology demonstration program to allocate 
funding for certain distributed generation and storage projects that bolster resiliency. California’s SB 676, 
enacted in 2019, is focused on exploring and developing strategies to maximize vehicle-to-grid integration 
technologies. In developing such strategies, the state PUC is directed to consider incorporating national 
standards for reliability and cybersecurity protocols. 

States are also developing expert task forces and committees to evaluate storage technologies and oppor-
tunities for growth. Maine, for example, enacted HB 1166 (2019) creating a commission to study the ben-
efits of energy storage in the state’s electric industry. The legislation charges the commission with evalu-

https://app.leg.wa.gov/billsummary?BillNumber=2819&Year=2019
https://www.energy.gov/sites/prod/files/2020/04/f73/comparison-of-environmental-effects-open-loop-closed-loop-psh-1.pdf
https://www.energy.gov/sites/prod/files/2020/04/f73/comparison-of-environmental-effects-open-loop-closed-loop-psh-1.pdf
https://www.scstatehouse.gov/query.php?search=DOC&searchtext=3659&category=LEGISLATION&session=123&conid=36546830&result_pos=0&keyval=1233659&numrows=10
http://leg.colorado.gov/bills/sb18-009
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB546
http://mgaleg.maryland.gov/mgawebsite/Legislation/Details/HB0980/?ys=2020rs
http://gencourt.state.nh.us/bill_Status/billText.aspx?sy=2019&id=569&txtFormat=html
https://www.ilga.gov/legislation/publicacts/101/PDF/101-0169.pdf
https://app.leg.wa.gov/billsummary?BillNumber=2405&Initiative=false&Year=2019
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB1144
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB676
https://legislature.maine.gov/legis/bills/display_ps.asp?LD=1614&snum=129
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ating how energy storage could resolve some of the state’s transmission-related challenges and improve 
resiliency. It also requires the commission to consider the economic benefits of establishing energy storage 
procurement targets. Also, Virginia HB 1183 (2020) directs the State Corporation Commission to establish 
a task force “to evaluate and analyze the regulatory, market and local barriers to the deployment of distri-
bution and transmission-connected bulk energy storage resources to help integrate renewable energy into 
the electrical grid, reduce costs for the electricity system, allow customers to deploy storage technologies 
to reduce their energy costs, and allow customers to participate in electricity markets for energy, capacity 
and ancillary services.”

WORKFORCE AND ECONOMIC DEVELOPMENT

States are growing increasingly concerned about the availability of a qualified workforce to replace the im-
pending large-scale retirement of energy sector workers necessary to power a modern electric grid. Addi-
tionally, as new technologies and resources come online, policymakers are developing programs focused 
on ensuring the energy workforce is adequately trained. Hawaii’s HB 560 (2019) creates a technology train-
ing course for county employees focused on energy systems, including training on energy storage. State 
legislators are also focused on identifying opportunities for economic development and job creation in 
highly technical fields, including advanced energy technologies like energy storage. New Mexico’s HB 233 
(2020), mentioned earlier, in part charges the Energy, Minerals and Natural Resources Department with 
implementing a Grid Modernization Grant Program. In approving projects for funding under the grant pro-
gram, the department is required to consider whether a project “stimulates in-state economic develop-
ment, including the creation of jobs and apprenticeships,” among other factors. Maryland’s HB 436 (2020) 
creates a Task Force On the Economic Future of Western Maryland responsible for studying and mak-
ing recommendations regarding economic development in the state’s western counties, including eval-
uating opportunities to expand technology-driven industries, such as energy storage and cybersecurity.  

Conclusion
As the energy system undergoes a massive technological transformation, energy storage in its many forms 
provides energy planners, utilities and policymakers with a multitude of additional options as they work 
to create a more flexible, reliable and efficient energy system.  As this document has discussed, state reg-
ulatory policies may need to be adjusted to address the unique characteristics of this relatively new tech-
nology.  State legislators in several states are already demonstrating that they have a significant role to play 
in ensuring that storage can fairly compete and be adequately valued for the many services it can provide. 
These lawmakers have acted on a number of fronts, from setting storage targets and requiring the integra-
tion of storage into energy planning to funding research and development and pilot projects. As storage 
technology options expand and costs decrease, storage is likely to play an increasingly important role in the 
transition to the clean, responsive and resilient electric grid of the future.  State policymakers have the op-
portunity to play a pivotal role in this transition.     

https://lis.virginia.gov/cgi-bin/legp604.exe?201+sum+HB1183
https://www.capitol.hawaii.gov/Archives/measure_indiv_Archives.aspx?billtype=HB&billnumber=560&year=2019
https://www.nmlegis.gov/Legislation/Legislation?Chamber=H&LegType=B&LegNo=233&year=20
http://mgaleg.maryland.gov/mgawebsite/Legislation/Details/HB0436/?ys=2020rs
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Case Studies of Energy Storage Solutions 

n GENERATION (ANCILLARY SERVICES):  
INDIANAPOLIS POWER & LIGHT—HARDING ST. STATION (IND.) 

Indianapolis Power & Light (IPL) deployed a 20 MW battery project in 2016 to help the utility balance and 
integrate its growing fleet of renewable generation. It was the first large-scale battery storage project built 
within the Midcontinent Independent System Operator (MISO), which operates the electric grid for all or 
part of 14 states in the central U.S. The utility also planned to use the battery to participate in MISO’s ancil-
lary services markets but found that those markets were not designed to account for the technical capabil-
ities of the battery, resulting in limited opportunities for market participation. 

Indianapolis Power & Light filed a complaint with the Federal Energy Regulatory Commission (FERC), 
which regulates the operations of regional energy markets like MISO, arguing that MISO’s ancillary service 
markets unfairly discriminated against energy storage. FERC agreed with the utility and directed MISO to 
change its rules to recognize storage’s capabilities more accurately. More importantly, the case is credited 
with being one of the factors that drove FERC to take more sweeping action on the role of energy storage 
in regional energy markets. 

n GENERATION (PEAK REDUCTION):  
SOUTHERN CALIFORNIA EDISON—MIRA LOMA BATTERY STORAGE FACILITY 
(CALIF.)

When the Aliso Canyon Natural Gas Storage Facility outside of Los Angeles began leaking in late 2015, it 
severely reduced the amount of natural gas available to Southern California Edison (SCE) to fuel its natu-
ral gas-fired generators to serve its customers. For an expedited replacement of some of that lost genera-
tion capacity, SCE procured a 20 MW/80 MWh battery storage system. The system stores energy from so-
lar generation during the day to meet local needs during high-demand periods in the evening after the sun 
goes down.

The Mira Loma Battery Storage Facility took just 88 days to build and activate, which was incredibly fast in 
an industry where it takes years to site and build new generation facilities. The Mira Loma project entered 
service less than a year after the Aliso Canyon leak was contained (Southern California Edison 2017). 

n TRANSMISSION/DISTRIBUTION (THERMAL MANAGEMENT):  
MIDCONTINENT INDEPENDENT SYSTEM OPERATOR— 
WAUPACA ENERGY STORAGE SYSTEM (WIS.)

MISO prepared a regional transmission plan in 2019 which identified a scenario in which an outage on a 
given transmission line would cut service to the town of Waupaca, WI. To ensure reliable service to the 
area, grid planners looked at two options: building new transmission lines or adding an energy storage de-
vice to serve one part of town and doing a minor reconfiguration of the existing line to ensure continued 
service to the other part of town. The energy storage option resulted in lower costs and is expected to be 
in service in late 2021 (MISO 2019). 

n TRANSMISSION/DISTRIBUTION (INFRASTRUCTURE DEFERRAL):  
NATIONAL GRID—NANTUCKET ISLAND (MASS.)

Faced with a growing demand during the summer tourist season, the utility identified a need for a third 
undersea transmission cable to maintain reliable service. However, analysis showed that by adding a small 
combustion turbine and a battery system to Nantucket Island, the National Grid could defer the third line 
for about 20 years and improve electric reliability on the island while saving millions of dollars (Balducci et 
al. 2019). 
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n CUSTOMER (RATE MANAGEMENT/BACKUP POWER):  
GREEN MOUNTAIN POWER—RESIDENTIAL ENERGY STORAGE PROGRAM (VT.)

In 2015, Green Mountain Power in Vermont launched a first-of-its-kind program in the U.S. in which the 
utility offered incentives and low-cost leases to enable its residential customers to purchase or lease an en-
ergy storage device for their home. Through this partnership, the utility retains operational control of the 
device, with the promise that it will use the battery to reduce the customer’s time-of-use rates and provide 
backup power in the event of an outage. 

By leveraging all the individual storage devices from participating customers, Green Mountain Power can 
meet peak electricity demand while lowering the cost it pays to its regional grid operator for generation 
and transmission services, resulting in lower energy costs for all customers. The growing network of con-
nected storage devices enabled Green Mountain Power to reduce system costs for all customers by about 
$3 million in 2020 (Green Mountain Power 2020). 

Resources
• U.S. Department of Energy’s Energy Storage Grand Challenge: https://www.energy.gov/

energy-storage-grand-challenge/energy-storage-grand-challenge. 

• U.S. DOE/Sandia National Laboratories Energy Storage Site: https://www.sandia.gov/ess/ 

• Pacific Northwest National Laboratory Energy Storage Site: https://www.pnnl.gov/energy-storage 

• Energy Storage Association: https://energystorage.org/ 

• NCSL’s The Growing Role of Energy Storage in Clean Energy Policy: https://www.ncsl.org/research/
energy/the-growing-role-of-energy-storage-in-clean-energy-policy.aspx

• NCSL’s Energy Storage Legislative Database: https://www.ncsl.org/research/energy/energy-legisla-
tion-tracking-database.aspx. 
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