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Abstract
Purpose of Review Since California adopted its energy storage mandate in 2013, 14 other states have developed energy storage
policies designed to encourage adoption or reduce barriers. This paper reviews those efforts to identify what types of policies are
being developed, the underlying goals and rationale behind different approaches, and the early outcomes of those policies.
Recent Findings State activity related to energy storage has accelerated in recent years, and numerous policies have emerged.
Generally, those policies take one of two approaches: facilitating operational experience with energy storage by ensuring its
presence on the grid, or enabling future deployments by removing or reducing barriers. Through detailed review of state policy
actions, this paper explores the drivers, design, and implementation of these five specific types of energy storage policy.
Summary A taxonomy of state policies related to energy storage is presented, as well as recent research findings that support the
different approaches and specific examples of how, where, and why those policies have been implemented. Finally, early impacts
of these policies are considered.
Keywords Energy storage . Integrated resource plan . State energy policy . Energy regulation . Storage mandate

Introduction
Two defining characteristics of energy storage are its flexibility and scalability. Energy storage devices can respond
instantly to grid changes and can be sized to provide services behind the customer’s meter, at the distribution system, or at the bulk power system. Those characteristics,
however, do not neatly fit within traditionally defined
utility functions such as generation, transmission, and distribution, and integrating energy storage into traditional
regulatory structures has been challenging as a result [1].
In territories that belong to competitive, regional markets, generation investment decisions are driven by market signals. In those markets, the Federal Energy
Regulatory Commission (FERC) has issued several orders
in recent years that collectively aim to align market structures with the capabilities of energy storage.1
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Outside of those markets, however, vertically integrated utilities make investment decisions with input from
integrated resource plans (IRPs) or similar planning activities. Those plans inform utility investment decisions by
identifying resource values based on the utility’s needs
and system characteristics.
Traditional models that utilities use in IRPs, however, generally lack the ability to capture resource benefits at a subhourly scale or at the distribution and customer levels, meaning that many of the flexibility and locational benefits of energy storage are not captured in the resource planning process.
To develop models that account for those benefits, utilities and
regulators must first understand what those benefits are and
how they interact with one another [2••]. As utilities better
understand the values of energy storage and account for them
in resource planning, they are more likely to identify energy
storage as part of a cost-effective resource portfolio [3].
Where utilities do not have access to competitive markets
to guide cost-effective storage deployments, state policies can
provide a substitute by ensuring that the capabilities and
values of energy storage are incorporated into regulatory processes such as system planning, resource procurement, and
rate design. To that end, states have enacted multiple policies
in recent years.
Those policies are driven by various mechanisms: a governor’s executive order, legislation, or a utility commission
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investigation. They also differ in how aggressive they are;
some policies require storage investments, others seek to facilitate them through incentives, and still others aim to increase access for energy storage by removing barriers in
existing policy and regulatory processes.
In reviewing these policies and the processes by which they
were established, common themes and approaches become
clear. This paper presents a taxonomy for classifying and
studying state energy storage policies, reviews the research
that supports those policies, and considers the impact of state
policies on current and future storage deployments.

Taxonomy of State Energy Storage Policies
At present, 15 states have adopted energy storage policies.
While other policy activities related to grid modernization
may tangentially involve energy storage, and several utilities
have independently pursued energy storage investments, this
review is limited to policies that specifically address energy
storage that were developed under a state authority.
Pacific Northwest National Laboratory (PNNL) has identified five types of state-level energy storage policies: procurement targets, regulatory adaptation, demonstration programs,
financial incentives, and consumer protections [4].
Procurement targets are mandates set by the state that require
utilities to acquire a specified quantity of energy storage.
Regulatory adaptation refers to changes made in state energy
regulations that are designed to create opportunities for energy
storage. Demonstration programs are those in which the state
explicitly authorizes, and in many cases funds, energy storage
projects for the purpose of exploring their operation. Financial
incentives are direct subsidies or tax credits available to enduse customers for installing behind-the-meter storage devices.
And finally, consumer protections are policies that establish
certain rights for customers who install energy storage.
Figure 1 summarizes the policies adopted in each state.

Procurement Targets
Procurement targets have generally been adopted where a state
has identified specific issues that energy storage is expected to
address, and current practices that may prevent storage from
adoption in the normal course of business. Generally, procurement targets provide a supportive signal for investors and reduce
regulatory uncertainty associated with new technologies [5]. In
the case of energy storage, targets are a direct way to ensure
investment when there is a lack of operational data and experience to support an accurate analysis of the technology [1].
Market transformation, or the development of new, costcompetitive energy storage technologies, is another goal of
certain targets. In California, the California Public Utilities
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Commission (CPUC) interpreted the legislature’s directive to
encourage a range of energy storage technologies to mean that
there needed to be room for competition within the target, and
so it limited the size of eligible pumped storage facilities to
50 MW, over the objection of some stakeholders, such as
pumped storage hydropower developers for whom
economy-of-scale is significant [6].
Beyond the installed projects and market impacts of procurement targets, it is their accompanying procedural requirements
that are driving systemic change in the way that utilities evaluate
and select resources. Whether a legislature deferred determination
of the target to regulators (as was done in California, Colorado,
Massachusetts, Nevada, and New York) or established the target
itself (as was done in Oregon and New Jersey), every legislature
directed utilities and regulators to determine the optimal approach
to comply with the target.
In the first such proceeding, the California legislature
directed the CPUC to consider the ability of energy storage to integrate renewables, displace fossil fuels, and defer or eliminate infrastructure investments in the transmission and distribution systems [7]. That direction led the
CPUC to break the target into buckets for transmission-,
distribution-, and customer-connected projects, and to develop guidance for the cost-effectiveness tests that utilities
should apply to storage projects [6]. While other states
have followed the broad California template, no other
state has broken down procurement targets into subcategories by point of interconnection.
The potential roles for energy storage that legislatures have
directed regulators to study in other states is generally similar
to those identified in California. In New Jersey, legislators’ top
priority was for energy storage to provide emergency back-up
power for critical loads. And though the New Jersey
Legislature set targets in statute in 2018, it directed state regulators to conduct a yearlong study to identify the optimal uses
for energy storage in the state before initiating a proceeding to
implement the target [8].
Oregon legislators also established that state’s target and
directed the Oregon Public Utilities Commission (OPUC) to
establish expectations for how utilities should conduct their
analyses and propose their projects [9]. Process became a key
outcome of the OPUC proceeding; in approving the utilities’
proposed projects to comply with the target, commissioners
required them to develop a detailed plan for improving their
ability to analyze energy storage in the IRP process [10].

Regulatory Adaptation
Rising penetration of variable, renewable generation increases the
need for system flexibility; hence, there is a strong corollary
between renewable energy portfolio (RPS) standards and energy
storage policies. Every one of the 15 states studied in this paper
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Fig. 1 Summary of state energy
storage policies

has an RPS, or in the case of Utah and Virginia, a non-binding
renewable energy goal. Six states and Washington, D.C., have
each adopted an RPS of 50% or more; all six states (California,
Hawaii, New Jersey, New York, Oregon, and Vermont) have
adopted storage policies, and Washington, D.C., has an active
regulatory proceeding involving storage [11].
Energy storage can be a cost-effective source of renewable
integration, but identifying those opportunities requires a holistic view of storage that economically optimizes all of its
capabilities—something standard IRP models are not designed to do [12]. Developing policies to fully account for
the benefits of energy storage in planning and procurement
targets is an enabling step toward building sufficient flexibility
into the system to accommodate a high-renewable future [13].
In 10 states, regulators have adapted regulatory processes
to incorporate the flexibility and peak-reducing benefits of
energy storage into their proceedings. Less prescriptive than

procurement targets, these policies are intended to broaden
competitive access for energy storage. How this is accomplished varies among states; some efforts have focused on
updating resource planning requirements, while others have
amended ratemaking processes.
In Washington State, regulators developed a planningoriented approach to energy storage. In its report that initiated the proceeding, staff at the Utilities and Transportation
Commission argued that energy storage could enable the
state to reach its long-term renewable energy goals, but that
policy guidance was necessary to ensure that utilities incorporated lessons from state-funded demonstration projects
into future planning efforts [12]. The proceeding culminated in a policy statement that identified energy storage as a
key enabling technology to meet the state’s clean energy
goals and providing guidance for how utilities should include storage in the resource planning process [14].
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In January 2018, more than 4 years after adopting its procurement target, the CPUC adopted 11 new planning rules that
require utilities to consider the multiple uses of energy storage
in their resource planning. The commission reasoned that
since contemporary market rules failed to compensate energy
storage resources for all of the values that they could provide
to the grid, utilities must account for those uncompensated
values in their planning to ensure that the full economic value
of energy storage is reflected in resource decisions [15].
In two separate decisions, the Hawaii Public Utilities
Commission (HPUC) leveraged other regulatory mechanisms
to facilitate storage projects that help the state meet its aggressive
renewable energy goals. First, to manage the rapid growth of
distributed solar, HPUC amended its interconnection rules to
require new solar customers to either consume all generation on
site or export generation to the grid at time-of-use (TOU), nonretail rates [16]. Both policies create strong use cases for energy
storage: the addition of a storage system to a solar array would
help customers to effectively utilize generation on site (and such
customers would be eligible for an expedited interconnection
process), or to shape the solar generating profile for export to
the grid during high-value periods.
In another decision, HPUC created the Major Project
Interim Recovery Mechanism, which incents utilities to invest
in infrastructure that enables renewable generation by
allowing utilities to place those costs into customer rates outside of a general rate case [17]. In May 2018, the Hawaiian
Electric Companies filed applications for two energy storage
projects totaling 120 MW under the mechanism.
In Arizona, the Arizona Corporation Commission (ACC)
identified a need for energy storage to reduce peak demand.
Because load management was the sole focus, the ACC expanded the demand-side management program of utility Arizona
Public Service in 2016 to include a $4 million pilot program to
install and aggregate customer-sited energy storage devices [18].

Demonstration Projects
Demonstration projects allow a state to study the benefits and
logistics of energy storage deployment on an incremental basis.
A study of 15 energy storage demonstration projects funded by
the American Recovery and Reinvestment Act found that the
projects allowed participants to better understand the permitting
and construction challenges involved in developing energy storage projects, illuminated deficiencies in current building and electric codes, and generally allowed for operators to learn the operational and economic characteristics of energy storage in a lowerrisk, lower-cost setting [19].
Five states have adopted a programmatic approach to energy
storage demonstration projects. While each state generally identifies a need for improved understanding of how energy storage
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operates on the grid, three models for pursuing that goal have
emerged: funded, authorized, and facilitated.
In the funded model, the goal is for public study and dissemination of lessons learned from the project. To that end, states
provide funding in exchange for operational data from funded
projects. Washington was the first state to employ this model,
providing $14.3 million in 2013 through the state’s Clean
Energy Fund to assist utilities in deploying four battery storage
projects that explored differing chemistries and various use
cases. The state also retained PNNL to conduct detailed analysis of the projects and the various use cases that each one tested.
Preliminary reports identifying various use cases for testing
[20] and system controls [21] have been completed, with full
economic evaluations of each project forthcoming.
In 2017, Massachusetts developed a similar program,
Advancing Commonwealth Energy Storage (ACES). The
state provided $20 million in grants to energy storage projects
that test various, multi-use business cases for energy storage.
The goal of the program is to identify valuable, replicable
combinations of value streams to drive further energy storage
deployment in the state [22]. Grant recipients will be required
to provide 3 years of detailed project operational data to state
agencies for analysis [23].
Under the authorized approach, a state allows a utility to invest
in a demonstration project, but does not contribute funding or
require reporting. In Utah, state legislators directed the Utah
Public Service Commission to authorize certain funds for “innovative utility programs” designed to investigate, among other
options, energy storage technology [24]. The commission later
granted a request from utility Rocky Mountain Power to develop
a $7 million solar and storage project to provide voltage support
on a section of the company’s transmission and distribution systems that would otherwise require infrastructure upgrades [25].
The final model, the assistive approach, has been pioneered by
New York as part of its Reforming the Energy Vision (REV)
initiative. In this model, the state acts as a facilitator between
developers and utilities. Through the REV Demo program, the
state maintains an open call for demonstration project proposals
that will test new technologies and business models for energy
storage and other distributed energy resources. Independent evaluators vet project proposals, provide feedback and guidance, and
match accepted proposals with utilities and other market providers for further consideration and potential development agreements [26]. To date, four energy storage projects have been developed through this process [27].

Financial Incentives
Customer investments in behind-the-meter (BTM) energy storage technology accelerated in 2018, as the approximately
45 MW of BTM storage installed in the second quarter constituted the largest quarter to date, and accounted for 75% of all
installed storage capacity during the period [28]. Much of the
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In Arizona, a storage incentive program arose out of a 2017
rate case dispute, in which customers argued that Arizona Public
Service’s proposed demand charge structure limited their ability
to capture savings by reducing their usage at peak. The ACC
decided the matter by approving a pilot program proposed by
the utility as a compromise, which will provide $2 million to
assist large commercial and industrial customers to install BTM
storage for system peak reduction. To encourage longer-duration
devices that discharge for the duration of peak periods, the incentive is prorated for devices with fewer than 5 h of discharge, and
only large customers with TOU rates are eligible [33].
To test a different approach to storage incentives, Maryland in
2018 became the first state to offer a state income tax credit for
energy storage, allowing up to $5000 for residential customers
and up to $75,000 for commercial and industrial customers, subject to a program total of $750,000 per year [34]. The tax credit
was designed as a pilot program to test the effectiveness of tax
credits in encouraging energy storage adoption [35].

Consumer Protection
Finally, two states have adopted legislation that guarantees certain
protections to customers who install energy storage. Nevada’s
law, adopted in 2017, prohibits any rate or tariff based solely on
a customer’s ownership of energy storage and requires utilities to
develop optional TOU rates [36]. Colorado followed in 2018
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BTM development activity to date has taken place in jurisdictions
that have adopted TOU rates, where higher rates during highdemand periods send an economic signal for customers to reduce
their usage or meet some of their demand through customer-sited
resources such as energy storage. As such rates are common for
larger commercial and industrial customers, most BTM capacity
to date has been installed by those customers [29•].
BTM storage has the potential to cost-effectively defer
infrastructure upgrades and reduce system peaks, but enabling it to do so depends on the right balance of scale,
integration, control, and incentives (through direct financial subsidies or price signals communicated through rate
design) [30]. Several states have begun exploring this issue in recent years.
The largest and most systematic program is in California,
which adjusted its longstanding Self-Generation Incentive
Program (SGIP) in 2016 to focus on distributed resources that
reduce emissions and provide grid benefits, and set aside more
than $448 million in funding for BTM storage [31].
Independent analysis of the SGIP storage program determined that peak reduction savings have been fairly small—
the 67 MW of capacity in the program only reduced system
peaks in 2017 by 2.4 MW—because rate designs encouraged larger customers to prioritize other use cases over peak
reduction. Changes to rate design that better align customer
incentives with system needs would significantly enhance
peak reduction, the analysis found [32].
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with a law declaring that utility customers have a right to install
energy storage and directing the Colorado Public Utility
Commission to adopt rules to ensure timely, streamlined interconnection processes [37].

Impact of State Policies
Given the recent and still-developing nature of state energy
storage policy activity, quantitative analysis of policy outcomes remains premature. However, some anecdotal evidence
suggests that state policies are having an impact.
In Washington, for example, the initial staff report on how
utilities were treating energy storage in IRPs argued that policy
intervention was required because two utilities in the state refused
to analyze storage in their 2013 IRPs [12]. In their 2017 IRPs,
which were filed after the Washington Utilities and
Transportation Commission issued draft guidelines in its storage
proceeding, those same two utilities had included storage in their
IRP model and selected it as part of their preferred resource
portfolio [38, 39].
When California set its target in 2013, the CPUC granted a
request by utilities and other stakeholders to build a deferment
process into the target’s timeline, in the event that market transformation did not occur in time for the utilities to cost-effectively
reach targets [6]. At present, all three utilities are on track to meet
the target without the deferment mechanism, and the state legislature added additional targets for BTM storage in 2016.
State policies are just one factor driving the growth of energy
storage on the electric grid; a full analysis of their effectiveness
would have to consider exogenous factors such as FERC policies, federal research and development programs, customer interests, market transformation driven by electric vehicle demand,
and the interactions between those effects. Figure 2 presents
trends in utility-scale storage deployments, energy storage system
costs, and policy activity (including FERC) since 2010 [40, 41].
As Fig. 2 shows, from 2010 to 2017, the amount of utilityscale storage in the USA derived from resources other than
pumped hydro and compressed air increased from 50 MW to
more than 1100 MW.2 The costs of a lithium-ion battery pack
declined from about $1000 per kilowatt-hour (kWh) to about
$200 per kWh in the same period. Over that same period, state
policy activity on energy storage also accelerated and is likely to
have a significant impact on future investment levels. For example, the realization of adopted procurement targets alone will add
more than 4600 MW of additional storage capacity by 2030.3
2

Since market transformation is a goal of state policies, Fig. 1 omits pumped
storage and compressed air, which are established technologies that saw little
development during the period. Only one, 40-MW pumped storage facility
was added during the period, and no compressed air facilities were added.
3
Includes 2000 MW for New Jersey’s 2030 target, 1500 MW for NY’s incremental 2025 target, 200 MW for Massachusetts’ initial target, and approximately 900 MW in the pipeline for California’s 2020 target.
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Conclusion
Driven by various needs and goals, state-level energy
storage policy activity has accelerated in recent years.
Given recent trends in cost declines and the growing body
of research and operational experience that are contributing to a more complete understanding of the technology, it
is reasonable to expect that states will continue to develop
and refine policies in the coming years. In identifying and
classifying existing policies and their underlying goals,
this work provides a framework for future research on this
topic as well as a reference for state policymakers who are
exploring policy alternatives.
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