PNNL-28627

o

Pacific
Northwest

NATIONAL LABORATORY

Energy Storage in Integrated
Resource Plans

Funded by the U.S. Department of Energy Office of Electricity
April 2019

AL Cooke
JB Twitchell
RS O’Neil

U.S. DEPARTMENT OF

ENERGY



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
Uniled States Government. Neither the United States Govermment nor any agency
thereof, nor Battelle Mcmorial Institute. nor any of their cmployecs, makes any
warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Relerence herein to any specific commercial product,
process. or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof, or Battelle Memorial
Institute. The views and opinions of authors expressed herein do not necessarily
state or reflect thosc of the United States Government or any agency thercof.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE
Jor the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DI-ACO5-76RL0OIS30

Printed in the United States of America

Available to DOE and DOE contractors from the
Office of Scientific and Technical Information,
FP.O. Box 62, Oak Ridge, TN 37831-0062;
ph: (865) 576-8401
fax: (865) 576-5728
email: reports@adonis.osti.gov

Available to the public from the National Technical Information Service
5301 shawnee Rd., Alexandria, VA 22312
ph: (80M) 553-NTIS (6847)
email: ordersientis.gov <http:/www.ntis.gov/about/form.aspx=>
Online ordering: http://www.ntis.gov

@ This document was printed on recycled paper.
(872010)



PNNL-28627

Energy Storage in Integrated
Resource Plans

Funded by the U.S. Department of Energy Office of Electricity

AL Cooke
RS O’Neil
JB Twitchell

April 2019

Prepared for
the U.S. Department of Energy
under Contract DE-ACO05-76RL01830

Pacific Northwest National Laboratory
Richland, Washington 99352






PNNL-28627

Executive Summary

Staff at the Pacific Northwest National Laboratory (PNNL) performed a review of 21 recent integrated
resource plans (IRPs) to determine how battery energy storage and pumped storage hydro (PSH) were
treated by utilities and/or load serving entities® when planning resources for their future.

While specific procedures vary from one utility to another, an IRP is the process by which a utility
projects future customer needs and identifies the resource mix that is most likely to meet those needs
while minimizing cost and risk. IRPs are a key component of the regulatory process, shaping the utility’s
resource acquisition efforts and providing the “paper trail” that allows regulators to review the utility’s
process when evaluating the prudence of the final investment decision and determining whether the utility
may recover those costs from ratepayers. Reviewing current IRPs provides insight into the grid needs that
utilities are identifying, the degree to which planning processes are adapting to include the unique
characteristics of energy storage, and potential levels of future industry investment in energy storage.

The emergence of scalable, flexible, and cost-competitive energy storage technologies is a recent
phenomenon, and because traditional IRP models do not consider many of the services that energy
storage can provide, the technology does not neatly fit into planning processes. For this report, we studied
a broad cross-section of IRPs from utilities representing a diverse array of service territories, sizes, and
ownership structures to assess the degree to which the industry is adapting planning processes to account
for the unique benefits of energy storage. Where an IRP discussed energy storage, we first reviewed
whether energy storage systems were treated as potential resources, or limited to research pilots or to
technical appendices. The difference is significant: until technologies are widely adopted and
commercially available with few risks, utilities will typically address regulator or stakeholder interest in
the topic through a pilot or through a status report in an IRP. Treatment as a resource means that energy
storage characteristics are evaluated as part of a portfolio of resources that could be dispatched to meet
future load requirements, signifying a more serious review of energy storage potential and the potential
for it to be selected as part of a cost-effective resource portfolio.

While some plans considered compressed air energy storage (CAES), batteries and PSH were the most
widely analyzed forms of energy storage. This suggests that these resources serve a proxy function in the
planning process, allowing utilities to identify the scale at which energy storage services may be
beneficial. Where energy storage is selected as a resource, utilities may consider multiple storage
technologies in the procurement process. Based on their prevalence in resource planning, this report
focuses on battery and PSH resources.

Where an IRP included energy storage as a resource, additional review was conducted to identify the
range of storage services included in the analysis and associated modeling tools. Because energy storage
provides flexible services that are best analyzed with models that make dispatch decisions in sub-hourly
time periods, this report explores to what degree utilities are employing modeling software with sub-
hourly capabilities.

Key findings include the following:

¢ While no storage technology was universally analyzed in the IRPs, batteries were more likely to be
analyzed than PSH. Of the 21 IRPs reviewed, 15 included batteries in their analysis, while 6 either

! IRPs are most frequently required by states with vertically integrated utilities. Some of the entities that prepared
IRPs reviewed herein might more accurately be termed load serving entities, in one or more of the states in which
they have service territory. For brevity, this report uses the terms utility or utilities when referring to the entities that
prepared the IRPs reviewed herein.
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did not discuss batteries or explicitly stated that they would not be analyzed. Only 10 of the plans
studied PSH. Twelve plans also indicated future plans for a demonstration or pilot project to better
understand battery storage.

o Of the 15 utilities that included battery storage as a resource option, 4 utilities selected batteries in
their preferred portfolio and 2 plans selected batteries in an alternate portfolio. Key niches for which
plans considered battery energy storage include system flexibility, peaking capacity, integrating
renewables, and ancillary services, such as regulation and frequency response. Where battery storage
was not analyzed or not selected, utilities cited cost as the primary reason.

o Of the 10 utilities that included PSH as a resource option, 2 utilities included PSH in their preferred
portfolio and 1 utility selected it in an alternate portfolio. Both cases in which PSH was included in
the preferred portfolio involved expansion of existing facilities. Where PSH was not analyzed or not
selected, utilities cited environmental issues (e.g., lack of access to water or land, or the cost and
length of environmental siting processes needed to gain such access) and cost.

o Cost estimates vary across utilities for all resource types, but the larger variation for battery storage
suggests that utilities still have significant information gaps when it comes to batteries. Observed
estimates for lithium-ion batteries covered a range of more than $1,900 per kilowatt (kW), and
estimates for flow batteries covered a range of almost $3,000 per kW, while estimates for PSH
covered a range of less than $800 per kW, and combustion turbine (CT) estimates covered a range of
about $850 per kW.

o Utilities that analyzed more energy storage services in the IRP were more likely to select batteries in
their preferred portfolio. While utilities generally acknowledged in their IRPs that energy storage can
provide a wide range of services, most of the plans analyzed a minority of those services. None of the
10 utilities analyzing fewer than 3 services selected batteries in the preferred portfolio. Among the
four utilities analyzing three or four services, one (25 percent) selected batteries in the preferred
portfolio. Among the five utilities analyzing six or more services, three (60 percent) included a
battery in the preferred portfolio.

e Where IRPs did analyze the benefits of energy storage, it is unclear how they did so. Many of the
services that energy storage provides are physically and temporally granular, and traditional IRP
models do not assess benefits at those levels. While some modeling software packages are beginning
to offer those capabilities, it was not readily evident whether or to what degree utilities were using
that functionality.

Looking ahead, the IRPs generally indicated needs for advancements in three areas before energy storage
could be a competitive resource option. The first area is in storage costs; most plans stated expectations
that battery prices would continue to decline and intentions to monitor those declines. The second area is
in storage analytics; several IRPs expressed some frustration with the lack of tools or protocols for
analyzing storage. The final area is in regulations, as some utilities operating within the footprint of a
regional energy market identified the lack of market products to monetize the benefits of energy storage.

Based on this review, there are two apparent limiting factors on a utility’s ability to accurately include
energy storage in resource planning: lack of reliable cost data and a lack of established industry practice.
To address those limiting factors, the following additional research efforts are suggested:

e Establish a mechanism for sharing current cost data and projected trends for energy storage
technologies. Properly valuing the benefits of energy storage is only one part of a proper analysis;
weighing those benefits against accurate cost information is equally important in identifying cost-
effective opportunities for energy storage. This study has identified a wide range in utility cost
assumptions for energy storage, particularly for batteries. Establishing a mechanism for identifying

Vi
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and sharing data for all forms of commercially available energy storage would aid utilities and IRP
stakeholders in converging assumptions that reflect both current prices and projected cost trends.

Refine existing planning support models and adapt energy storage assessment tools for
investment planning. Several IRPs reviewed in this study stated that computational and structural
modeling limitations present an obstacle to including energy storage in IRPs. The U.S. Department of
Energy (DOE), the national laboratories, and utility industry have extensive experience in quantifying
and modeling the benefits of energy storage, and have developed several tools for doing so, but
further adaptation for planning purposes may be warranted. Model developers should consider
working with utilities to refine existing models to better meet IRP modeling needs.

Create a forum for sharing best practices in energy storage modeling. The study revealed a gap in
how utilities view energy storage; some are actively developing practices for modeling it, while many
cited a lack of standard industry practices for energy storage as a barrier to including it in IRPs. This
immediate work identifies anecdotal examples of a few utilities that are developing approaches to
incorporate energy storage into the IRP process. Research to explore various practices developed by
leading utilities and share them across the utility industry may contribute to standard industry
practices, which some utilities indicated would improve storage modeling.

vii
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1.0 Introduction

This report documents a review of 21 integrated resource plans (IRPs) performed by the Pacific
Northwest National Laboratory (PNNL) for the U.S. Department of Energy (DOE). The review focused
on how and to what extent each IRP included energy storage using batteries and pumped storage
hydroelectric (PSH) projects (collectively, referred to as energy storage). Researchers chose to analyze
IRPs because they are a foundational document in the utility planning and procurement process, and they
provide insight into how the electric utility industry is adapting its processes to incorporate energy
storage. Given the significant level of legislative and regulatory action on energy storage in recent years,*
this report provides a timely indication of how utilities are beginning to respond to those actions. And
finally, while an IRP is a snapshot of future needs that will change over time, this report is indicative of
the level and timing of planned industry investments in energy storage.

The review asked three questions:

1. If the IRP addresses energy storage, was it discussed in a technical appendix, identified for a
pilot project, or treated as a resource for possible inclusion in the IRP resource portfolio?

As new technologies mature, they follow a general progression in the planning process. With a
nascent technology, utilities will usually conduct a high-level study of the resource in a technical
appendix to the IRP, identifying resource capabilities and development trends. This is a “wait-and-
see” approach, where the utility can park developing technologies and monitor them as they mature.
Depending on how slowly a resource proceeds toward commercial maturity, it may spend several
planning cycles in a technical appendix. In addition to energy storage, small modular nuclear reactors,
offshore wind, and tidal power are examples of technologies commonly studied in current technical
appendices.

As a technology continues to mature, subsequent IRPs may identify it as ready for a pilot or
demonstration project, indicating that the technology has reached a level of commercial maturity, but
requires further testing and validation by the utility before it can be included as a resource option.
Once a utility is comfortable with the technology’s capabilities, it will be included in the model as a
resource option.

This is a general outline of how new technologies work their way into the planning process; it is not a
fixed process, and some utilities may blend steps (such as including energy storage as a resource
option in the plan while simultaneously identifying a pilot project to advance the utility’s
understanding of the resource) or proceed right to the last step in the case of a rapidly maturing
technology.

2. If energy storage was included as a resource, what benefits were quantified in the resource
model?

As will be discussed in greater detail in this report, traditional IRP models are not designed to
consider many of the benefits that energy storage can provide. A traditional model is designed to
identify the utility’s resource needs in terms of energy (how much electricity will be needed to meet
all customer needs through the whole year) and capacity (how much electricity will be needed at the
point of highest customer demand). Conventional models also employ limited resolution in both

1 PNNL tracks state-level policies related to energy storage in an interactive Energy Storage Policy Database,
available at https://energystorage.pnnl.gov/requlatoryactivities.asp.
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physical and temporal terms. Physically, the models are limited to analyzing the bulk power system,
meaning that only large, transmission-connected resources are included. Temporally, the models
identify energy and capacity needs on an hourly basis, meaning that sub-hourly benefits related to
flexibility and grid support are not included.

For a flexible and scalable resource such as energy storage, these modeling conventions omit much of
the potential value. Placing an energy storage resource in a traditional IRP model alongside other
resource options results in a process that identifies all of the costs of energy storage, but few of the
benefits.

Where a utility included energy storage as a resource option in its IRP, additional investigation was
conducted to determine what energy storage services were analyzed. In other words, was the resource
analysis limited to quantifying energy and/or capacity benefits, or were additional services included?

How were the benefits quantified?

Given the relatively recent development of flexible and scalable energy storage resources,
standardized approaches for incorporating the full range of energy storage values into the resource
planning process have not yet developed. The national laboratories and utility industry have created
various tools capable of analyzing energy storage from various perspectives (i.e., as a standalone
resource, coupled with solar or another generator, behind the meter, or within an organized energy
market), and private companies have developed modeling software capable of sub-hourly resource
analysis, but these tools have not yet been widely incorporated into IRPs.

Analyzing not just what services utilities are including in their analyses, but how the values of those
services are calculated and incorporated into the planning process provides insight into how planning
processes are adapting to include energy storage and other resources with similar flexibility
characteristics.

The remainder of this report is organized as follows:

Section 2.0 provides an overview of the IRP process, discusses its role in the overall regulatory
process, and identifies the specific barriers that conventional practices create for energy storage.

Section 3.0 presents the findings of how energy storage was treated in the 21 IRPs reviewed.
Section 4.0 discusses the benefits of energy storage services included in the IRPs.

Section 5.0 identifies the models employed by the utilities and their capabilities.

Section 6.0 provides the publicly disclosed capital cost assumptions used by some of the utilities.
Section 7.0 provides a summary and next steps.

Section 8.0 presents the references that are cited in this report.

Appendix A includes a list of the utilities and their IRPs.

Appendix B includes the observed cost assumptions for energy storage resources.

Appendix C reviews the legislative and regulatory actions that may impact future IRPs.

Appendix D includes a bibliography of all resources reviewed.
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2.0 The IRP Process

Conceptually, an IRP is a document prepared by a utility that projects electricity demand over a future
period and identifies the optimal mix of resources for meeting that demand. In selecting the optimal mix
of resources, the utility considers multiple potential futures and future resource portfolios, evaluating each
in terms of both costs and risks to identify the portfolio of resources that is most likely to meet expected
future needs at the lowest reasonable balance of costs and risks.

In practice, IRPs play a key role in the regulatory process, serving as a foundational document in multiple
proceedings. The conclusions of the IRP shape subsequent resource procurement processes, informing
how the utility structures its requests for proposal (RFPs) and potentially constraining the RFPs to only
solicit proposals for technologies identified by the utility as preferred resources. In states with energy
efficiency standards, IRPs serve as a planning tool to identify cost-effective efficiency programs and
measures. But most importantly, IRPs provide documentation of the utility’s planning and decision-
making processes, and are used by regulators in determining whether the final investment decisions made
by the utility were prudent and appropriate for including in customer rates.

As a result, IRPs tend to be creatures of state policy, with each state adopting its own statutes and
administrative rules governing what is expected in the document based on state policies. States also take
varying approaches to reviewing IRPs. Some states issue a formal decision to approve or reject the IRP
after an adjudicated proceeding, while some states conduct a less formal review and either accept or reject
the IRP, and other states treat IRPs as information-only filings that are not subject to any action. The
approach depends on the desired outcome — some states use the IRP as a tool for issuing formal approval
of the planned investments, while other states only approve investments after the fact, using the IRP as
documentation of the utility’s process. Timing requirements, such as the length of planning cycles
(usually 2 or 3 years) and length of the planning horizon (usually 10 to 20 years), are set by states as well.

The IRP process was developed in the late 1970s, when the energy crisis and growing environmental
movement in the United States pushed energy efficiency to the forefront of policymaking, leading
regulators and utilities to integrate demand-side resource options alongside traditional supply-side
resource options in the planning process (York and Narum 1996). Recent advances in energy storage and
other distributed resources have renewed interest in the IRP process and driven a new round of planning
adaptation, as multiple states have launched proceedings to update IRP policies to include requirements
related to distribution system planning. Two states — Hawaii and Massachusetts — have already adopted
substantive planning requirements directing utilities to submit grid modernization plans that include,
among other things, processes for valuing distributed energy resources (DERs) and for analyzing non-
wire alternatives to distribution system infrastructure investment (Cooke, Homer, and Schwartz 2018).

Growing needs for increased grid flexibility are also driving new IRP practices. Where the utility’s job of
balancing supply and demand was once a relatively straightforward process of matching predictable loads
with dispatchable resources, changing technology is introducing unpredictability on both sides of the
equation — non-dispatchable renewable resources on the supply side, and distributed generation and
electric vehicles on the demand side. Managing that unpredictability has placed greater emphasis on
identifying flexible resources that can quickly respond to changing grid needs, and states and utilities are
adapting their processes to better identify and meet flexibility needs. In 2012, the Oregon Public Utilities
Commission adopted new IRP guidelines that required utilities to identify flexible capacity needs and
analyze how to best meet those needs (Oregon Public Utilities Commission 2012). Utilities in
Washington, Hawaii, Arizona, and Colorado have also included flexibility planning in their IRP process
in recent years (ESA 2018; Wilson and Biewald 2013).
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IRPs are more common in vertically integrated states — those where a utility provides generation,
transmission, and distribution services. In states that participate in regional markets operated by a
Regional Transmission Operator (RTO) or Independent System Operator (1SO), on the other hand,
transmission is performed by the market operator and distribution is performed by the utility, while
responsibility for generation varies by region. For example, utilities in the California ISO, Midcontinent
ISO, and Southwest Power Pool are either required or permitted to acquire their own generation
resources. Figure 1 shows the footprint of RTOs and ISOs.

Ebeciric Reliability
Council of Toxnd
(ERCOT)

FERC
Figure 1. Map of RTO and ISO Entities

Driven by the proliferation of resource options and increasing environmental standards, some states
within regional markets have taken a renewed interest in the IRP process in recent years. Citing the need
for a cohesive planning approach to ensure that the state could achieve its aggressive environmental
policies, the California Legislature reinstituted IRP requirements in 2015.1 Michigan also adopted IRP
requirements in 2016, emphasizing the need to identify additional opportunities for energy efficiency and
demand response programs within the state.?

While details and procedures vary from one utility to another, Figure 2 shows a generic IRP process.

! California State Legislature, SB 350 (2015).
2 Michigan State Legislature, SB 437 (2016).
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Figure 2. The Integrated Resource Planning Process

Using historical data to identify relationships between economic conditions and load, the utility projects
electric demand over the planning period based on current forecasts for population growth, employment
levels, electricity and competing fuel prices, and similar economic factors. Next, the utility identifies
various scenarios representing alternate possible futures — such as a major technological breakthrough for
a given technology or an environmental policy such as a carbon tax — that would change the costs and
benefits of resource options.

For each scenario, the utility inputs its load forecast and assumptions about the cost and performance of
resource options into modeling software, which identifies the optimal mix of existing resources and new
investments to meet the projected needs based on the assumptions included in that scenario. For each
scenario, the model will identify the type and timing of resource additions, retirements, or upgrades, as
well as the total cost of the resource portfolio that it selected to meet demand over the planning period.

To further inform its analysis, the utility will then subject each portfolio to additional stochastic modeling
to “stress test” how each portfolio would perform under a variety of uncertain circumstances, such as
higher- or lower-than-expected load growth and higher- or lower-than expected fuel prices. This allows
the utility to develop a risk-adjusted cost for each portfolio. It also enables a comparison of portfolios in
terms of both cost and risk.

Based on that information, the utility will select a preferred portfolio — the resource mix that meets the
most likely future conditions in the most efficient way, considering both costs and risks. Other portfolios
are considered alternate portfolios — ones that the utility may pursue if the conditions assumed in those
scenarios come to fruition. Finally, a utility develops an action plan to identify the near-term steps needed
to develop the preferred portfolio.
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2.1 IRP Practices Do Not Reveal Energy Storage Benefits

Preparing an IRP is a highly complex modeling exercise, so the industry has developed a number of
simplifications designed to keep IRP models manageable and run times reasonable. Three of these
practices — modeling in hourly increments, omitting ancillary services, and ignoring the distribution
system — create a misalignment between traditional IRP models and flexible, scalable resources such as
energy storage. Absent additional steps to account for flexible and locational values, traditional IRP
models are unable to identify much of the potential value of energy storage.

Hourly Time-Step Modeling — Hourly modeling is done to limit the number of periods for which the IRP
model must solve. In every increment, the model must develop a complex solution to meet the projected
load, based on dozens of variables representing various generation units, market prices, weather,
transmission constraints, and distributed resources. An hourly model covering a 20-year planning period
must prepare 175,200 hourly solutions, and will generally take hours to run. That hourly resolution
prevents the model from recognizing the value of flexible resources in responding to moment-to-moment
changes in generation and load. However, increasing the resolution to 15-minute windows would
quadruple the number of solutions to 700,800 and significantly increase run times for traditional models.

As system flexibility needs grow, utility practices and planning software developers are formulating new
approaches to sub-hourly planning that provide increased granularity while maintaining reasonable model
run times. As will be discussed in Section 5.0, some of the utilities involved in this study have begun
employing modeling software that is capable of sub-hourly analysis.

Ancillary Services — Omitting ancillary services from long-term adequacy planning creates a similar
challenge for energy storage. Ancillary services are resource contributions required to keep the electric
grid in balance and maintain reliability, and include such services as frequency response, regulation, and
spinning reserve. At present, an IRP model solves the load and generation balance in every time
increment through a complex process involving dozens of variables like those listed above. Adding
additional variables to solve for various ancillary service needs would significantly increase model
complexity and run times.

Under conventional IRP practice, system planners create a proxy for ancillary services by oversizing the
system — identifying the level of capacity needed to meet peak demand, and then adding additional
resources beyond that level to ensure that excess capacity is available at all times to provide the ancillary
services needed to maintain reliability. The North American Electric Reliability Corporation (NERC)
requires utilities to ensure reliability by maintaining a sufficient reserve margin of generation to provide
the necessary ancillary services at all times, though specific standards vary by region. In the Western
Interconnection, for example, NERC requires utilities to maintain reserves equal to the larger of either the
largest single generating unit on their system or 3 percent of load plus 3 percent of total generation.? In
the Midcontinent Independent System Operator (MISO) and the PIJM Interconnection LLC (PJM)
systems, NERC requires grid operators to design the system with sufficient capacity such that, for a given
planning year, the total probability of losing load due to insufficient generation during the peak hour of all
days within the year is 0.1.3

NERC standards, however, serve only as a floor for reserve margins; individual grid operators and
utilities can, and generally do, establish planning reserve margin requirements that are higher than those

! For more information about these and other mandatory electric grid reliability standards, see
https://www.nerc.com/pa/Stand/Pages/ReliabilityStandards.aspx.

2 NERC Standard BAL-002-WECC-2a.

¥ NERC Standard BAL-502-RF-03.
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mandated by NERC. Each year, NERC forecasts expected reserve margin levels across various regions in
North America; the results of the most recent study are presented in Figure 3, demonstrating that reserve
margins vary widely among grid operators.
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Figure 3. North American Projected Reserve Margins

NERC’s analysis identified a reference margin level for each region and then forecasted what the region’s
margin will be under the prospective case (i.e., the maximum level of reserves that may be achieved,
subject to available transmission and completion of planned projects) and the anticipated case (i.e., the
most likely level of reserves that will be available). While NERC found that three regions have an
anticipated reserve margin below their reference level, most regions are well above it. On average,
NERC’s analysis shows that the anticipated reserve margins across the regions are 66 percent higher than
reference margins, resulting in more than 70 gigawatts (GW) of capacity in excess of what would be
needed to maintain reserve reference margins.

Due to its flexible nature, energy storage can potentially reduce reserve needs. Because it can quickly
respond to grid needs and act as a load or generation, 1 megawatt (MW) of energy storage can provide a
level of reliability that would otherwise require several megawatts of traditional generation resources. An
early flywheel demonstration project supported by the DOE in Pennsylvania, for example, found that the
fast-responding flywheel was able to provide 2.5 times as much regulation service to the grid as a
conventional resource with the same nameplate capacity (Hazle Spindle 2016). While market design
enabled the flywheel to monetize its flexibility benefits in that case, a traditional IRP model is not
configured to optimize for ancillary services in a similar fashion, and so the IRP process cannot identify
similar opportunities.

System Effects of Resource Location — IRP models are designed to balance generation resources and load
at the system level, subject to existing transmission system constraints and new transmission necessary to
connect new resources. The models do not optimize to improve performance of or reduce investment in
the transmission and distribution systems by placing resources at specific locations. Doing so would
require combining transmission and distribution system data, operations, and planning models;
operational inputs for system reliability and service quality; and for most vertically integrated utilities, a
level of resolution and insight into location-specific conditions that is not generally available. While such
integration is complex, failure to recognize resource impacts at the transmission and distribution levels
will also preclude the benefits that an energy storage device can provide by improving grid operations or
deferring or displacing investments at those levels.

! NERC, 2018 Long-Term Reliability Assessment.
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IRPs are not designed or intended to identify and quantify all of the benefits of energy storage resources.
They are, however, the traditional gateway for establishing a utility’s future needs, outlining near-term
investments to meet those needs, and setting an expectation of rate recovery when those investments are
made. As a highly versatile resource, energy storage provides a valuable lens into the challenges faced by
next-generation technologies. Storage may have the potential to benefit utilities and ratepayers, but its
ability to become a utility asset and deliver those benefits can be hampered by the tools and practices
employed to justify investments.

In addition to the barriers identified above, in some cases, utilities conduct an initial screening of different
technologies to determine which will be included as resource options. This first screening generally does
not include the level of detailed modeling that is needed to fully identify the benefits of energy storage,
meaning that storage may be removed from consideration before being modeled. Rather, the first
screening looks at either high-level technical considerations or at a relatively uncomplicated assessment
of the levelized cost per megawatt-hour (MWh). As an example of one such screening process, Duke
Energy Carolinas (Duke) looks at the following attributes:

“Technical feasibility and commercial availability in the marketplace

Compliance with all Federal and State requirements

Long-run reliability

Reasonableness of the cost parameters” (Duke Energy Carolinas 2016).

As another example, Minnesota Power assesses what it refers to as a “levelized busbar cost,” which takes
into account capital costs, transmission, operations and maintenance and fuel costs (Minnesota Power
2015).
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3.0 Inclusion of Storage

As stated in the introduction, the first question of this review asked whether battery energy storage and
PSH were included in IRPs, and if so, whether energy storage was included in resource portfolios or
whether it was limited to research and development (R&D) status. Table 1 summarizes the outcomes for
battery storage and PSH in each of the 21 IRPs evaluated.

Table 1. Utility IRPs included in Analysis and Analysis Stages Identified for Storage Resources

Battery Storage Analysis Stages PSH Analysis Stages

Pilot or Selected, Selected, Selected
Research Main Alternative  Batteries Not fora PSH PSH Not
Utility Phase Portfolio Portfolio Screened  Analyzed Portfolio  Screened Analyzed

Arizona Public

Service v v v v

Black Hills y v
Burlington
Electric Dept.
Dominion \ v v
Duke_Energy, N e \ N

Carolinas

El Paso Electric
Entergy

Florida Power & %

Light v v !
Georgia Power y v v

Indianapolis

Power & Light v v A v
Kansas City

Power & Light v v v

Kentucky Power sk

Co. v i !
Long Island A N
Power Authority

Minnesota N N

Power

Northwestern

Energy v i v

NV Energy v v
Rocky Mountain

Power v v v

Potomac Edison

Company v !
Puget Sound N o ~

Energy

Tennessee

Valley v v

Authority

Xcel Energy N v V*

<
2
2

< <2
< <2

*Batteries and/or PSH were included as resources in the portfolio studied, and were treated in a fashion akin to an existing resource. In both
cases, the additions were not a new resource added as a result of the IRP reviewed herein.

**A 50-MW research project is underway, but the resource plan included no evidence of batteries being analyzed.

***Kentucky Power Company analyzed battery storage and found it non-cost effective, but added 10 MW to their main portfolio with the
intention that they may be helpful in integrating renewable resources.
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3.1 Technologies Reviewed

The authors acknowledge that other forms of storage exist and are under development, but elected to
focus on battery storage and PSH for the purposes of this review. As technologically mature and utility-
scale resources, they are the forms of energy storage that are most likely to be considered in an IRP. Other
types of energy storage, such as thermal or mechanical technologies, may ultimately be selected through
competitive bidding or policy directives, but batteries and PSH are the “proxy” energy storage resources
that are most likely to be included in an IRP analysis and trigger the selection of storage in a resource
portfolio.

While battery storage and PSH are the most likely storage resources to be included in an IRP, the
technology trajectory and sector status of battery storage and PSH are very different. Pumped storage is
the dominant form of electric energy storage in the United States, with 40 plants providing 22 GW of bulk
energy storage. Most of the pumped storage fleet was constructed over 30 years ago and is owned by
public and private utilities. Costs and performance characteristics of standard, fixed-speed pumped
storage plants are established and stable, with long timeframes for development and commissioning (DOE
2014). According to DOE, there are additional development and technology upgrade opportunities that
would allow PSH to be more responsive and provide ancillary services (DOE, no date). PSH can vary
dramatically in size and offer significant flexibility for incorporating and balancing intermittent resources
at scale.

Battery storage, on the other hand, is defined by rapid change, where characteristics, construction
timeframes, and costs are continuously changing as more storage systems are deployed on the grid. At the
same time, understanding is growing of long-term costs (e.g., decommissioning), cycling requirements,
methods for optimized operations and system siting, and component lifespans. Battery storage utilizes
diverse business models and currently scales to interconnect to the grid at transmission voltage,
distribution voltage, or behind the meter on a customer’s premises. For these reasons, utilities differed on
which technology to evaluate in IRPs and the treatment of these resources varied.

Although pumped storage hydropower is the dominant form of stationary electrical energy storage, its
treatment within IRPs did not clearly indicate lessons for advanced storage analysis within a planning
framework. Utilities with pumped storage resources already in their resource portfolio do not show
specialized modeling or demonstration of benefits from energy storage that could apply to other storage
resources. Even examples of preferred portfolio selection of pumped storage facility expansion appear to
be conducted on a simple cost-benefit analysis for a single service, namely peak management, rather than
an optimization of the storage resource within the portfolio to demonstrate adequate value.

In the IRPs reviewed herein, battery storage was studied more frequently than PSH. At least three factors
structurally favor batteries:

e Siting flexibility — batteries can be installed where needed on the transmission and distribution system
whereas siting of PSH is limited by the need for specific geology and availability of water,

o Lead time — battery build-time is generally assumed to be 1 year in IRPs while PSH build-time range
from 5 years (e.g., see APS 2017) and as long as 15 years (PSE 2017), and

e Environmental concerns and/or permitting — for example, Duke’s 2016 IRP considered PSH but
eliminated it from detailed portfolio analysis on technical grounds, citing environmental impact,
permitting, and initial capital cost (Duke Energy Carolinas 2016).

10
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3.2 Methodology for Selection of IRPs

For this review, 21 utilities were selected from across the country. The utilities were selected in a manner
to ensure broad geographic coverage. The majority of utilities selected are investor-owned utilities
(IOUs). While the selection process was not random, neither was there an effort to specifically target
utilities perceived as being likely or unlikely to include energy storage. Several factors influenced the
choice of IRPs that were reviewed. First was finding comparatively recent IRPs because utility-scale,
cost-effective battery storage is a comparatively recent resource. Thus, for example, while searching for
utilities in Oklahoma, South Dakota or North Dakota, the authors selected Black Hills Energy because
they submitted their IRP for regulatory review in June of 2016, while another potential selection,
Oklahoma Gas & Electric, prepared their IRP in 2014. Black Hills Energy is an example of another
phenomenon of some note — namely, utilities with service territories in multiple states which submit the
same IRP in multiple states, or which serve multiple states and are not required to submit IRPs in all
states. The same utility was not reviewed for multiple jurisdictions. Similarly, the authors avoided
reviewing multiple utilities that are members of the same utility holding companies.

Finally, some states were identified for review located in regions with RTOs or 1ISOs. However, states
within RTO or ISO footprints tend to not require utilities to submit IRPs, and this required some
flexibility in the selection process. For example, Maryland was selected for inclusion, but because
regulated utilities have not been required to submit IRPs for several years, an IRP submitted to regulators
in West Virginia by a utility with Maryland service territory was reviewed.

Figure 4 shows the states included in the service territories of the utilities whose IRPs were analyzed in
this report. States included are shaded orange.

Figure 4. States Covered by Included Utilities

3.3 Inclusion of Battery Storage

Overall, 15 of the 21 utilities studied for this report included battery storage as a resource option in their
IRP. The remaining six utilities either did not mention energy storage or explicitly mentioned that it
would not be included. Of the 15 who included energy storage, 4 utilities selected it for their preferred
portfolio, 4 utilities selected it in an alternate portfolio (2 of which had also selected storage in their

11
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preferred portfolio), and the remaining utilities did not select energy storage in any portfolio. A total of 12
utilities — some of which selected energy storage in a portfolio and some of which did not include it as a
resource option — identified a plan to better understand the benefits of energy storage through a R&D
effort. Figure 5 summarizes the battery storage outcomes in the IRPs studied.?

14
12

10

8 I I
0 . .

Selected, Preferred Selected, Alternative Analyzed As Resource, Pilot or Reseach Stage
Portfolio Portfolio Not Selected

Number of Utilities
N )]

N

Figure 5. Status of Battery Storage in Integrated Resource Plans

The following four utilities selected batteries as part of their preferred portfolio:

Puget Sound Energy (PSE) selected 75 MW for installation beginning in 2023;
Arizona Public Service (APS) selected 507 MW for installation beginning in 2024;
Indianapolis Power & Light (IPL) selected 500 MW for installation beginning in 2033; and

Long Island Power Authority (LIPA) selected an unspecified amount of energy storage in its 2017
IRP; its governing board later approved 10 MW for installation (Harrington 2017).

A fifth utility, Kentucky Power Company, added a 10-MW battery system to the preferred portfolio after-
the-fact for dealing with intermittent resources. Batteries were not selected in the portfolio screening
process, but were later added because it was thought they would be helpful in integrating renewables
(Kentucky Power Company 2016), so for purposes of this compilation, this was treated as a pilot project.

The four utilities that selected battery storage in an alternate portfolio generally did so in scenarios that
included stricter emissions requirements or higher renewable resource mandates. These scenarios led to
increased investment in renewable resources and energy storage to help integrate them. Two of the four
utilities selected batteries in small quantities that are more consistent with pilot projects, rather than with
resource needs. The four utilities selecting batteries in alternative cases were as follows:?

e Arizona Public Service selected 507 MW in 5 of 7 portfolios, and selected 1,107 MW in portfolios
using greater levels of demand-side management (DSM) and renewables (APS 2017).

! The sum of the bars in Figure 5 is greater than 21 because some utilities fall into more than one category. Two
utilities that selected storage in an alternative portfolio also selected it in their preferred portfolio, and several
utilities that did not select storage in a portfolio indicated plans for a pilot project.

2 This ignores alternative cases in which the IRP models were forced to select storage. For example, Rocky
Mountain Power’s 2017 IRP ran an alternative portfolio in which storage was forced into the model, and 80 MW
were “selected.”

12
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o Black Hills (in their Colorado IRP filing) was required to analyze alternative cases including
additional clean energy or energy efficient technologies, and selected 20 MW of batteries for
installation in 2038/2039 (Black Hills 2016).

o |PL selected 600 MW of batteries for installation in 2030 in a portfolio that tests what happens if
major fossil units’ retirements are much earlier than other cases (IPL 2016).

o Rocky Mountain Power (PacifiCorp) selected small quantities (10 MW or less) of batteries in
portfolios studying impacts of stricter regional emissions limits (Pacificorp 2017b).

Among utilities that did not select energy storage in a portfolio or did not include it as a resource option,
cost was the most common reason cited. One utility expressed the desire to move cautiously with respect
to including new resource options for reasons of maintaining reliability.

A common theme among utilities that declined to include battery storage as a resource option was a desire
to explore the technology to inform potential inclusion in future IRPs. Six utilities did not analyze
batteries, including those that did not mention battery storage or any variants? in their IRPs, and those that
mentioned batteries but explicitly stated that batteries were not included in the analysis. 2 Three of those
six utilities, however, did indicate that they would pursue at least one battery storage pilot project.

Figure 5 also shows that 13 utilities included battery energy storage in their R&D plans. Most already
have projects underway which were identified in their IRPs. Projects range in size from under a MW
(Dominion and Northwestern Energy), to Florida Power & Light’s (FPL’s) 53 MW, and up to the 150
MW “placeholders” identified in Duke’s 2018 IRP. Table 2 summarizes the total of battery research
projects in MW that were identifiable from the IRPs reviewed for this report. As noted in a footnote of
Table 2, the authors are aware of other projects ongoing at some of the utilities reviewed for this report. In
the interest of containing the scope of this report, the authors elected to not add to the results that were
gleaned from sources other than the IRPs. One utility included among the 13 shown in Figure 5,
Burlington Electric Department, indicated an intention to research battery energy storage, including
researching storage in microgrids, but did not identify specific existing projects (Burlington Electric
Department 2016).

Table 2. Battery Energy Storage Pilot or Research Projects Identified in IRPs

Pilot or Research

Utility Installations
(MW)
Avrizona Public Service 4.0
Dominion 0.8
Duke Energy, Carolinas* 38.9
Florida Power & Light 53.0
Georgia Power 13
Indianapolis Power & Light 20.0
Kansas City Power & Light 2.1
Kentucky Power Co. 10.0
Northwestern Energy 0.1

1 Given the number of pages involved, it was infeasible to read every page of every IRP. Thus, IRPs were searched with Adobe
Acrobat search tool, with searches looking for several variants of battery energy storage. Additionally, IRPs were skimmed
thoroughly, particularly in cases where the search tool’s effectiveness was in doubt.

2 Note that the IRPs reviewed in this project were publicly available information downloaded off the internet. Many had
significant amounts of information redacted as competitively sensitive information. It is possible that in one or more cases,
analyses were performed but not documented in the publicly available data.
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Pilot or Research

Utility Installations
(MW)
Rocky Mountain Power 5.0
Puget Sound Energy** 2.0
Xcel Energy** 0.0
Total 137.2

*Duke’s 2016 IRP listed numerous pilot or research projects; the total
of which is shown in this table. Duke’s 2018 IRP includes 140 MW of
battery “placeholders,” but as of this writing the authors are unaware
of specific installations related to the placeholders.

**PSE’s IRP identified one project. The authors are aware of others
that would add 2.2 MW to the PSE total. Xcel also started two projects
after the IRP was published, which would add 1.2 MW.

3.4 Inclusion of Combustion Turbines

Assuming simple cycle combustion turbines or reciprocating engines (collectively referred to herein as
CTys) are the flexible resources most directly competing with battery storage in resource portfolios, the
review examined the inclusion of CTs in the IRPs. Of the 21 IRPs reviewed, 19 utilities specifically
identified CTs as a resource option. Of those, 7 utilities selected no CTs and 2 utilities selected 50 or
fewer MW of CTs. Many of these utilities either need no new resources over their analysis period or were
able to meet future resource needs relying on energy efficiency and renewable resources. Five utilities
selected between 200 and 500 MW of CTs, including IPL, which also selected 500 MW of batteries. Only
five utilities selected more than 500 MW of CTs. Of those, two utilities (APS and PSE) are among the
utilities selecting batteries in their primary resource portfolio. Figure 6 summarizes the amount of CT
resources selected by the utilities.

Number of Utilities
=Y

N

=

| I I
0 I I

0 1-50 51-200 201 - 400 401-500 501-1,500 1,501-2,000 >2,000
Megawatts of Simple Cycle Combustion Turbines Included In Resource Plan

Figure 6. Distribution of Megawatts of Combustion Turbines Included in Resource Portfolios

Among utilities including batteries in their main portfolio, resource plans included a total of 1,092 MW of
batteries and 1,975 MW of CTs.
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3.5 Inclusion of Pumped Storage Hydropower

As it shows, two utilities included PSH in their preferred resource portfolio. In both cases, the utility was
expanding an existing facility:

o Duke included an upgrade to its roughly 30-year old Bad Creek facility. Duke applied to the Federal
Energy Regulatory Commission (FERC) in 2018 for approval to upgrade and refurbish the pump-
turbines in the powerhouse as well as replace the existing runners and refurbish other equipment
(FERC 2018a). In the process, Duke expected to increase the capacity of each of the four units by
46.4 MW, for a total upgrade of 186 MWs (Duke Energy Carolinas 2016).*

o Xcel Energy in Colorado also included an upgrade to its existing Cabin Creek facility. Cabin Creek
was originally licensed in 1967, and needed refurbishments to continue operating. In 2015 the
Colorado PUC approved a plan that included upgrades resulting in a 36-MW increase in capacity
(Cotie 2015).

A third utility, Virginia Electric and Power Company (Dominion) is in the early stages of site selection
studies related to a potential pumped storage facility that would be specifically linked to renewable
energy resources. Under Virginia Senate Bill 1418, the Virginia General Assembly expressed their
support for construction of “one or more pumped hydroelectric generation and storage facilities that
utilize on-site or off-site renewable energy resources as all or a portion of their power source and such
facilities and associated resources are located in the coalfield region of the Commonwealth” (Dominion
2017). Elsewhere Dominion also spoke of a need for more information or research on the subject of using
PSH for integrating renewables. However, Dominion’s IRP otherwise stated that PSH would not be
considered for further analysis in the busbar curve analysis, meaning that PSH was screened as a potential
resource, but eliminated on the basis of technical considerations and not available to be selected in
resources portfolios (Dominion 2017). Figure 7 summarizes the role of PSH in the IRPs studied.

! The authors have noted differing estimates of the capacity to be provided by the upgrades. Duke’s 2016 IRP was
originally reviewed for this report. Duke has since issued a 2018 IRP which the authors recently noted, and
reviewed. It should be understood that as time passes all of the utilities covered in this report would be expected to
update their IRP, so a decision had to be made as to when to cut off analysis and cease to update text, tables, and
figures. Many of the references to Duke herein refer to the 2016 IRP. In instances where the 2018 IRP materially
impacts a conclusion or result, it has been reflected herein. In this specific instance, the 2018 IRP puts the PSH value
at 65 MW per unit for a total of 260 MW (Duke Energy Carolinas 2018). FERC approved an upgrade from 1,065 to
1,400 MW (FERC 2018b).
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Figure 7. Status of PSH in IRPs

Seven utilities included PSH in their resource screening process, and eliminated it prior to portfolio
analysis. The main reasons given for not selecting PSH was environmental (e.qg., lack of access to water
or land, or the cost and length of environmental siting processes needed to gain such access) and cost. The
majority of utilities (11) either did not mention PSH in their IRP or stated they would not include it in the

analysis.
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4.0 Benefits of Battery Storage Quantified in IRPs

Energy storage is commonly linked to integration of intermittent renewable resources, either as a means
for energy arbitrage (i.e., storing energy generated when prices are low for release during hours when
prices are high) or for minimizing curtailment. However, as demonstrated in recent research and in the
IRPs of some of the utilities that analyzed energy storage, the technology is capable of providing a
broader range of grid services.

The DOE/EPRI Electricity Storage Handbook in Collaboration with NRECA (DOE/EPRI 2015), for
example, identifies 18 discrete values that energy storage can provide to the grid or to customers. Driven
by local grid needs, market rules, and utility structure, those values can vary significantly from one
location to another, as shown in Figure 8 (Balducci et al. 2018).

Figure 8 demonstrates the need for each utility to individually identify and analyze the benefits of energy
storage, as the value of individual benefits may vary widely across utilities. When dealing with more
locational values such as relieving congestion or deferring investment in the transmission or distribution
systems, values will likely vary widely even across the service territory of a single utility, depending on
local constraints and needs.
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Figure 8. Energy Storage Values by Service Type and Location
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The utility industry, however, has yet to develop a common taxonomy for analyzing the benefits of
energy storage. In discussing the benefits of energy storage, many utilities included generic value for
energy storage such as “flexibility” or “integrating renewables,” which are not defined services and, in
practice, would likely entail the provision of multiple defined services, such as load following, reserves,
and regulation. How those services were defined and, more importantly, how they were quantified and
reflected in resource valuation was not clear from filed plans.

Figure 9 lists the grid services and benefits of energy storage that utilities identified in their IRPs and the
number of utilities that identified each benefit or service.
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Figure 9. Benefits of Energy Storage Included in IRPs

The information in Figure 9 is based on the IRPs that analyzed batteries at least at the preliminary
screening level. The information is derived from the list of services each IRP indicted that batteries can
provide. For the most part, the list of services was often made clear. However, in most cases it was
difficult to verify whether the services were all being analyzed, or simply listed. Also unclear in some
cases was whether providing capacity in substations was intended as a means to defer substation upgrades
or to provide improved service to customers in terms of power quality or voltage. Thus, transmission and
distribution (T&D) services were lumped into one category (particularly since IRPs typically do not
evaluate distribution systems). Discussions of T&D services tended to be found in the discussions of
R&D projects and not in the portion of the IRP where the discussion was focused on placing a value on
services, except to note the difficulty in assessing benefits where there may be trade-offs between T&D
and generation services.

Figure 9 listed 11 services identified by utilities’ IRPs. As can be seen from Figure 6, most of the utilities
identified fewer than half of those 11 services. The most common number of services identified is two —
typically some combination of capacity, integrating renewables, and T&D support. Figure 10 depicts the
number of services identified by utilities’ IRPs.
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Figure 10. Distribution of Utilities by Number of Battery Storage Benefits Identified in IRP

Utilities that analyzed more energy storage services in the IRP were more likely to select batteries in their
preferred portfolio. None of the 10 utilities analyzing fewer than 3 services selected batteries in the
preferred portfolio. Among the five utilities analyzing three or four services, two (40 percent) selected
batteries in the preferred portfolio. Among the six utilities analyzing six or more services, three (50
percent) included a battery in the preferred portfolio.

The three utilities that included the most battery capacity in their preferred portfolio (APS, PSE, and IPL)
all included between six and eight energy storage services in their IRP. IPL primarily modeled batteries as
peaking units, citing the lack of adequate modeling tools and the absence of supporting tariffs from the
MISO to enable ancillary services valuation. IPL also discussed several other potential uses for batteries,
including the utility’s current use of an existing battery for frequency control and studying the use of
batteries to replace black start units. APS and PSE modeled batteries as peaking units as well, but
included batteries for other reasons. As PSE explained in its IRP, T&D benefits influenced the utility’s
selection of storage: “A small amount of utility-scale batteries appears cost effective at some point in the
planning horizon in every scenario, given the assumed transmission and distribution benefits. By 2037, all
scenarios have at least 50 MW, while a few have approximately 100 MW. It appears batteries are cost
effective primarily because they can be sized to fit needs with slowly growing loads, in addition to being
very flexible” (PSE 2017).
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5.0 Models Used in IRPs

One of the goals of this research was to identify the type of modeling software utilized by utilities in their
IRP processes, to understand the degree to which utilities are adopting software that moves beyond the
limitations in conventional models. As explained in Section 2.0, conventional IRP models analyze system
needs in broad terms, meaning that resource benefits associated with sub-hourly dispatch, provision of
ancillary services, and local optimization of transmission and distribution systems are not captured. To
account for the benefits of a flexible and scalable resource such as energy storage, models capable of
analyzing resources with a high level of granularity — temporally (sub-hourly values) and spatially
(locational values) — are needed (Balducci et al. 2018).

While this research provided some insight into what types of models utilities are using, it became
apparent that additional, more in-depth research will be required to more fully answer the question of
what models utilities are using and how they are using them. This section will communicate the lessons
learned through this effort and make recommendations for future research in this area.

As was also discussed in Section 2.0, preparing an IRP is a highly complex exercise that consists of
multiple, detailed steps. Because there are so many sub-tasks within the IRP process, many utilities
employ multiple models to perform different tasks. For example, many utilities use a capacity expansion
model to identify type and timing of resource additions for each portfolio, and then use a power cost
model to run each portfolio through stochastic economic analysis. Additional models may be employed
for other tasks, such as forecasting market prices or identifying potential levels of energy efficiency and
other forms of demand-side management. Furthermore, as will be discussed below, some utilities began
employing sub-hourly models for a limited subset of analyses in their most recent IRPs.

However, for the purposes of planning future resource investments, most utilities are using capacity
expansion models and production cost models. The main differences between the two types of model are
that production cost models tend toward hourly, chronological modeling of resource dispatch, while the
capacity planning models tend to use non-chronological hourly modeling based on typical hour or typical
week resolution. Production cost models also tend to show major transmission lines and nodes, while
capacity expansion models tend to represent selected transmission lines (Fisher et al. 2016). This
distinction is of some importance because several ancillary services provided by batteries might be best
modeled on a sub-hourly basis (Balducci et al. 2018), and because industry literature pointing to the use
of batteries for meeting intra-hour drops in wind or solar resources indicates that chronological modeling
is preferable to typical hour or week sampling.

Several software packages have been developed in recent years that advertise sub-hourly modeling
capabilities, some of which have been adopted by utilities studied in this report. Documents found on-
line, reviews of the IRPs, and discussions with industry participants indicate that three models used by
some of the utilities (PLEXOS, Aurora, and PowerSimm) can model on a sub-hourly basis. In addition,
evidence found on-line indicates two other hourly production cost models (PROMOD and PROSYM) and
one capacity planning model (Planning and Risk, which uses PROSYM) have some sub-hourly
capabilities.

However, the research team was unable to operate the models to understand their capabilities, and a
utility’s usage of a model with sub-hourly capabilities does not necessarily mean that the utility used
those capabilities. As a result, several areas of uncertainty remain regarding whether modeling
capabilities that effectively characterize storage contributions are being used.
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5.1 Emerging Models and Practices for Energy Storage

In general, utilities did not provide detailed explanations of how models were used to incorporate energy
storage into the planning process. Generally, utilities limited the modeling discussion to a list of the
modeling software packages used. A notable exception is PSE, which began using PLEXQOS in its 2017
IRP, and provided a detailed explanation of how it used PLEXOS to capture sub-hourly benefits for
energy storage and other flexible resources:

To estimate the flexibility benefit of incremental resources, PLEXOS first runs the base case, which
only contains PSE’s current resource portfolio. Then, PLEXOS is run again with the addition of one
new generic resource. The sub-hourly production cost result of the case with the base portfolio is then
compared to the production cost of the case with the additional resource. Any cost reduction to the
portfolio is assumed to be attributed to the new resources (PSE 2017).

PSE’s approach demonstrates how additional, more granular models may be modularly added to the IRP
process to quantify the benefits of flexible resources that are not captured in the conventional modeling
process.

Portland General Electric (PGE) developed a similar approach in its 2016 IRP. While PGE was not one of
the utilities studied in this report, the authors elected to include the utility’s approach because other states
and industry groups have cited it as a best practice (Washington UTC 2017; ESA 2018). PGE’s
methodology, which the utility called the “Net Cost” approach, employs an external model to capture all
of the sub-hourly benefits of an energy storage system over its useful life, which would not be reflected in
the IRP models. PGE then calculates the net present value of those benefits and subtracts them from the
storage system’s assumed costs, as shown in Figure 11 (Portland General Electric 2016).

million 5/yr
(20185)

Net cost impact of battery relative to
capacity-equivalent frame CT = 52.1M/yr

(4]
Annual Operational  Net Cost Net Cost  Operational Annual
Fisedd Cost Value Impact Impact Value Fined Cost

1 | L J
S50MW, 2-hr Battery 25MW frame CT

Figure 11. Portland General Electric’s Net Cost Approach
The Net Cost methodology is somewhat limited in that it does not directly compare the benefits of energy

storage alongside other resource options — as the IRP is supposed to do. However, it is an improvement
over conventional approaches in that it captures granular benefits of energy storage that would otherwise
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be omitted from the planning process and is relatively easy to employ, as it can be added to the planning
process without disruption and various entities offer models capable of doing such analysis at no cost.*

While several IRPs studied in this work indicated that utilities were developing procedures for modeling
energy storage, Duke’s 2018 IRP set forth a plan for developing those procedures, which the utility is
calling the Integrated Systems and Operations Planning (ISOP) process.? Duke’s 2018 IRP specifically
acknowledges several grid services including frequency regulation, intermittent resource smoothing, and
energy and capacity values, and T&D services including system deferrals, non-wires alternatives to
traditional wires upgrades, and consumer value arising from transmission and distribution system
reliability and power quality improvements. For future IRPs, the ISOP process is expected to result in
planning models that can assist in quantifying benefits from all of the complimentary and competing
benefits, tying together the IRP and T&D planning process more closely than in traditional IRPs. In the
2018 IRP, Duke included 150 MW of what they referred to as “battery storage placeholders,” which are
essentially pilot projects that were included in all of the resource portfolios Duke analyzed. These
placeholders represent grid-connected batteries that Duke will deploy to gain real-world data and
experience in identifying high-value applications in the transmission and/or distribution systems, which
also can provide generation benefits (Duke Energy Carolinas 2018). The specific 150-MW target appears
to have been developed exogenously as the authors found no description of how the target was developed
in the IRP, and did find discussion on-line pointing to a rate case settlement in which Duke agreed to
install 300 MW of battery storage in the Duke Energy Carolinas and Duke Progress service territories in
North Carolina (Walton 2018; Spector 2018).

! For instance, PNNL has developed the Battery Storage Evaluation Tool (BSET), and the Electric Power Research
Institute (EPRI) has developed StorageVET.

2 The DEC IRP reviewed for this report was initially the 2016 IRP submitted in South Carolina. Because Duke
subsequently submitted a 2018 IRP in North Carolina while this report was in production, it was also reviewed.
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6.0 Capital Cost Estimates

The energy storage industry has undergone a period of dynamic development in recent years, marked by
rapidly improving technologies and declining costs. In that environment, pinpointing a reasonably
accurate estimate of storage system costs at a given point in time is a difficult exercise. However, as will
be discussed in this section, identification of cost-effective energy storage opportunities is predicated on
accurate cost assumptions.

To illustrate the difficulty of pinpointing a cost assumption, energy storage industry analysts found that
from 2016-2017, which covers the planning period for most of the IRPs studied in this report, observed
prices for lithium-ion battery systems fell by 24 percent; prices were further projected to continue
declining at about 9 percent per year through 2023 (Wood Mackenzie & ESA 2019). As cost assumptions
are inputs in the planning process, they tend to be formulated early in the planning process. If the
assumptions for energy storage are based on observed prices at the time, they may be inaccurate by the
time the plan is complete, and even more inaccurate by the time investment decisions are made. To
improve the validity of cost assumptions for energy storage, reliable cost forecasts should be used.

Of the 21 plans reviewed, only eight publicly disclosed the utility’s cost assumptions for new resources.
A full list of observed cost assumptions for energy storage resources is in Appendix B. While this group
represents an admittedly limited subset of the utilities, the cost assumptions that they disclosed support
two observations. First, the lack of publicly disclosed cost assumptions limits the potential for public
review of a key planning assumption and prevents resource providers from challenging those
assumptions. If, for example, an energy storage provider could provide a project at a lower cost than that
assumed by the utility, it would not have the necessary information to identify and challenge that
assumption.

Second, the observed cost assumptions indicate that utilities in general are more certain of the costs for
technologically mature resource like a combustion turbine or a pumped storage facility than they are for
less mature resources like batteries, as shown in Figure 12.
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Turbine

Figure 12. Range of Publicly Disclosed Resource Cost Assumptions
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As Figure 12 shows, among utilities that disclosed their resource cost assumptions, the cost of gas-fired
combustion turbines ranges from about $600 per kW to $1,400 per kW, and averages about $900 per kW.
Though generally higher, cost assumptions for pumped storage resources exhibited a similar range, going
from about $2,400 per kW to $3,100 per kW, and averaging about $2,800 per kW. When addressing
battery-based energy storage, however, the range of cost assumptions exhibited a much wider spread.
Assumptions for a four-hour lithium-ion battery, for example, ranged from about $1,500 per kW to about
$3,400 per kW, with an average of about $2,700 per kW. Flow battery assumptions ranged from about
$1,600 per kW to about $4,600 per kW, with an average about $3,200 per kW.

While uncertainty regarding new technologies may seem like an obvious finding, it is worth discussing
for several reasons. First, as demonstrated in Figure 12, there is a near overlap between the high end of
combustion turbine assumptions and the low end of battery assumptions, suggesting that there are likely
some circumstances under which energy storage would be cost-competitive with a combustion turbine,
even under conventional planning practices.

Secondly, while the total installed cost of a battery system will vary by specific project characteristics,
such as point of interconnection, land ownership, and existing infrastructure, recent research suggests that
a reasonable range of assumptions would be much smaller than the roughly $2,000 range exhibited for
lithium ion batteries and the roughly $3,000 range exhibited for flow batteries (Lazard 2018).

Finally, accurate cost assumptions for energy storage are particularly important when it comes to energy
storage. As presented in Section 4.0, utilities are adding the ability to value energy storage services in the
IRP process to varying degrees. Absent such steps, an IRP is effectively capturing all of energy storage’s
costs, but only a small fraction of its benefits. As utilities adapt planning processes to include additional
energy storage values, they are effectively reducing the net cost of storage, because all of the costs are
already captured in the assumption. Utilizing accurate assumptions that capture energy storage cost
declines — both observed and reasonably forecast — will allow for more prompt identification of cost-
effective storage opportunities as value streams are layered in.
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7.0 Summary and Next Steps

The purpose of this research was to identify the obstacles that energy storage technologies face within
IRP processes and assess the degree to which the utility industry is including energy storage in IRPs. The
findings suggest that the industry has taken significant steps to include energy storage in the planning
process; 15 of the 21 utilities studied included battery storage as a resource option in their IRP, and 4 of
those utilities selected battery storage as part of their preferred portfolio, while another 12 utilities
indicated plans for a pilot storage project to better understand the technology. Where a utility’s plan
identified obstacles to battery storage, high capital costs and modeling challenges were frequently
mentioned.

PSH faces a different set of barriers, as permitting timelines and geographic constraints were commonly
cited by utilities that either did not include the technology or included it, but did not select it in the
preferred portfolio. Of the 21 utilities, 10 studied PSH and 2 included it in resource plans, although in
both cases the utility was expanding an existing PSH facility.

The review illuminates two remaining challenges that energy storage technologies are likely to continue
facing in future IRPs: cost uncertainty and a lack of standard analytical tools and protocols. While cost
assumptions for PSH were closely aligned, the wide range of cost assumptions for battery storage that
were observed in the IRPs suggests general uncertainty about the costs of battery storage. As technologies
continue to develop and new chemistries enter the market, this uncertainty is likely to continue. Recent
research has identified current costs for several types of battery storage, but absent an effort to maintain
current data in an accessible format, that information will soon be obsolete — particularly for developing
chemistries.

The second challenge — lack of analytical tools and protocols — was a common refrain in the IRPs. While
a small minority of utilities had selected planning tools to address energy storage and were developing
protocols for using those tools, many utilities expressed frustration with the lack of tools and standard
practices for modeling energy storage. There are tradeoffs when considering different energy storage
technologies; batteries are scalable and flexible, but are limited in duration and technologically immature.
PSH is technologically mature and capable of large scale and long duration, but has permitting and siting
constraints. One of the key obstacles for energy storage technologies is that while the weaknesses are
readily apparent, the strengths are not. Absent tools that can “balance the scale” by capturing the benefits
of energy storage, models will be unable to identify when energy storage is a cost-effective option and
what type would be most beneficial.

To ensure that utilities, regulators, and other IRP stakeholders have sufficient tools and information to
fairly evaluate energy storage in future plans, the following additional research efforts are recommended
for consideration by DOE and the national laboratories:

o Establish a mechanism for sharing current cost data and projected trends for energy storage
technologies. Properly valuing the benefits of energy storage is only one part of a proper analysis;
weighing those benefits against accurate cost information is equally important in identifying cost-
effective opportunities for energy storage. This study has identified a wide range in utility cost
assumptions for energy storage, particularly for batteries. Establishing a mechanism for identifying
and sharing data for all forms of commercially available energy storage would aid utilities and IRP
stakeholders in converging assumptions that reflect both current prices and projected cost trends.

¢ Refine existing planning support models and adapt energy storage assessment tools for
investment planning. Several IRPs reviewed in this study stated that computational and structural
modeling limitations present an obstacle to including energy storage in IRPs. The DOE, the national
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laboratories, and utility industry have extensive experience in quantifying and modeling the benefits
of energy storage, and have developed several tools for doing so, but further adaptation for planning
purposes may be warranted. Model developers should consider working with utilities to refine
existing models to better meet IRP modeling needs.

Create a forum for sharing best practices in energy storage modeling. The study revealed a gap in
how utilities view energy storage; some are actively developing practices for modeling it, while many
cited a lack of standard industry practices for energy storage as a barrier to including it in IRPs. This
immediate work identifies anecdotal examples of a few utilities that are developing approaches to
incorporate energy storage into the IRP process. Research to explore various practices developed by
leading utilities and share them across the utility industry may contribute to standard industry
practices, which some utilities indicated would improve storage modeling.

26



8.0 References

Arizona Corporation Commission (ACC). 2016. Commission Approves Renewable Energy Plans helps
Utilities Stay on Target Commission Exploring Residential Level Energy Storage. Phoenix, AZ.
http://www.azcc.gov/Divisions/Administration/news/2016Releases/01-12-2016%20REST%20plan.pdf

Arizona Corporation Commission. 2017. Opinion and Order in the Matter of the Application of the
Arizona Public Service Company for a Hearing to Determine the Fair Value of the Utility Property of the
Company for Ratemaking Purposes, to Fix a Just and Reasonable Rate of Return Thereon, to Approve
Rate Schedules Designed to Develop Such Return. Docket No. E-01345A-16-0036. Decision No. 76295.
Phoenix, AZ. http://docket.images.azcc.gov/0000182160.pdf

Arizona Public Service (APS). 2017. 2017 Integrated Resource Plan. Phoenix, AZ.
https://www.aps.com/en/ourcompany/ratesrequlationsresources/resourceplanning/pages/resource-

planning.aspx

Balducci, PJ., JE Alam, TD Hardy, and D Wu. 2018. Assigning value to energy storage systems at
multiple points in an electrical grid. Published in Energy & Environmental Science. London, United
Kingdom. http://pubs.rsc.org/en/Content/ArticleLanding/2018/EE/C8EE00569A#!divAbstract

Black Hills / Colorado Electric Utility Company (Black Hills). 2016. 2016 Electric Resource Plan. Part
of the Direct Testimony and Attachments of Lisa Seaman, Attachment LS-1, In The Matter Of The
Application Of Black Hills/Colorado Electric Utility Company, LP For (1) Approval Of Its 2016 Electric
Resource Plan And (2) Approval Of Its 2016-2019 Res Compliance Plan. Rapid City, SD.
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_att-Is-1-2016-bhce-erp-6-3-16.pdf

Burlington Electric Department. 2016. 2016 Integrated Resource Plan. Burlington, VT.
https://www.burlingtonelectric.com/irp

Colorado General Assembly. 2018a. House Bill 18-1270: Energy Storage Procurement Act. Denver, CO.
https://leg.colorado.gov/bills/hb18-1270

Colorado General Assembly. 2018b. Senate Bill 18-009: Concerning The Right Of Consumers Of
Electricity To Interconnect Energy Storage Systems For Use On Their Property. Denver, CO.
https://leg.colorado.gov/bills/sh18-009

Colorado Public Utilities Commission. 2016. In the Matter of the Application of Public Service Company
of Colorado for the Approval of Two Innovative Clean Technology Projects: Decision Granting Motion
and Approving Settlement Agreement. CPUC Proceeding Number 15A-0847E; CPUC Decision No. C16-
0196. Denver, CO. https://www.colorado.gov/pacific/dora/puc

Cooke AL, JS Homer, LC Schwartz, 2018. “Distribution System Planning — State Examples by Topic.”
PNNL Report.

Cotie, Bruce. 2015. “Hydro at 10,000 Feet: Modernizing the Renewable Infrastructure.” Electric Energy
T&D Magazine, accessed through EE Online. https://electricenergyonline.com/energy/110/magazine

DOE (U.S. Department of Energy). 2014. 2014 Hydropower Market Report. Washington, D.C.
https://www.energy.gov/eere/water/downloads/2014-hydropower-market-report

27


http://www.azcc.gov/Divisions/Administration/news/2016Releases/01-12-2016%20REST%20plan.pdf
http://docket.images.azcc.gov/0000182160.pdf
https://www.aps.com/en/ourcompany/ratesregulationsresources/resourceplanning/pages/resource-planning.aspx
https://www.aps.com/en/ourcompany/ratesregulationsresources/resourceplanning/pages/resource-planning.aspx
http://pubs.rsc.org/en/Content/ArticleLanding/2018/EE/C8EE00569A#!divAbstract
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_att-ls-1-2016-bhce-erp-6-3-16.pdf
https://www.burlingtonelectric.com/irp
https://leg.colorado.gov/bills/hb18-1270
https://leg.colorado.gov/bills/sb18-009
https://www.colorado.gov/pacific/dora/puc
https://electricenergyonline.com/energy/110/magazine

DOE (Department of Energy). No date. “Pumped-Storage Hydropower.” Available at
https://www.energy.gov/eere/water/pumped-storage-hydropower. Accessed Feb. 18, 2019.

DOE and EPRI (U.S. Department of Energy and Electric Power Research Institute). 2015. DOE/EPRI
Electricity Storage Handbook in Collaboration with NRECA. Prepared by Sandia National Laboratories,
EPRI, National Rural Electric Cooperative Association (NRECA), and AECOM Technical Services, Inc.,
for the U.S. Department of Energy, EPRI, and NRECA. Principal investigators: AA Akhil, G Huff, AB
Currier, BC Kaun, DM Rastler, SB Chen, AL Cotter, DT Bradshaw, and WD Gauntlett.
http://www.sandia.gov/ess/publication/doeepri-electricity-storage-handbook/

Dominion. 2017. Virginia Electric and Power Company’s Report of Its Integrated Resource Plan. Public
Version (Case No. PUR-2017-00051, Docket No. E-100, Sub 147). Richmond, VA
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2017-irp.pdf?la=en

Dominion. 2018. Virginia Electric and Power Company’s Report of Its Integrated Resource Plan. Public
Version (Case No. PUR-2018-00065). Richmond, VA.
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2018-irp.pdf

Duke Energy Carolinas. 2016. South Carolina 2016 Integrated Resource Plan (Biennial Report). Public
version. Columbia, SC.
http://www.energy.sc.gov/files/view/DEC%201RP%202016%20Corrected%2010-
2016%20Clean%20Copy.pdf

Duke Energy Carolinas. 2018. North Carolina Integrated Resource Plan (2018). Public version. Raleigh,
NC. https://starw1.ncuc.net/ NCUC/page/docket-docs/PSC/DocketDetails.aspx?Docketld=73a530c8-
031b-4f4b-al13e-6950de5d51ce

El Paso Electric Company. 2015. Integrated Resource Plan of El Paso Electric Company for the Period
2015 — 2034. El Paso, TX. https://www.epelectric.com/community/2017-18-public-advisory-group-

meetings

El Paso Electric Company. 2018. Integrated Resource Plan of El Paso Electric Company for the Period
2018 — 2037. El Paso, TX.
https://www.epelectric.com/files/html/IRP_2018/ 2018 IRP_Report DRAFT_08-20-18.pdf

Energy Storage Association (ESA). 2018. Advanced Energy Storage in Integrated Resource Planning:
2018 Update. Washington, D.C. http://energystorage.org/IRP

Entergy Arkansas. 2015. Entergy Arkansas, Inc. 2015 Integrated Resource Plan. (Filed with the Arkansas
Public Service Commission, APSC Docket No. 07-016-U.) Little Rock, AR. http://entergy-
arkansas.com/integrated _resource_planning/

Federal Energy Regulatory Commission (FERC). 2018a. Washington, D.C. Duke Energy Carolinas,
LLC; Notice of Application Accepted for Filing and Soliciting Comments, Motions To Intervene, and
Protests. A Notice by the Federal Energy Regulatory Commission on 05/11/2018.
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-
application-accepted-for-filing-and-soliciting-comments-motions

Federal Energy Regulatory Commission (FERC). 2018b. Office of Energy Projects Energy Infrastructure
Update For August 2018. Washington, D.C. https://www.ferc.gov/legal/staff-reports/2018/aug-energy-
infrastructure.pdf.

28


https://www.energy.gov/eere/water/pumped-storage-hydropower
http://www.sandia.gov/ess/publication/doeepri-electricity-storage-handbook/
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2017-irp.pdf?la=en
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2018-irp.pdf
http://www.energy.sc.gov/files/view/DEC%20IRP%202016%20Corrected%2010-2016%20Clean%20Copy.pdf
http://www.energy.sc.gov/files/view/DEC%20IRP%202016%20Corrected%2010-2016%20Clean%20Copy.pdf
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce
https://www.epelectric.com/community/2017-18-public-advisory-group-meetings
https://www.epelectric.com/community/2017-18-public-advisory-group-meetings
https://www.epelectric.com/files/html/IRP_2018/_____2018_IRP_Report_DRAFT_08-20-18.pdf
http://energystorage.org/IRP
http://entergy-arkansas.com/integrated_resource_planning/
http://entergy-arkansas.com/integrated_resource_planning/
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-application-accepted-for-filing-and-soliciting-comments-motions
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-application-accepted-for-filing-and-soliciting-comments-motions
https://www.ferc.gov/legal/staff-reports/2018/aug-energy-infrastructure.pdf
https://www.ferc.gov/legal/staff-reports/2018/aug-energy-infrastructure.pdf

Fisher, J, NR Santen, P Luckow, F de Sisternes, T Levin, and A Botterud. 2016. A Guide to Clean Power
Plan Modeling Tools: Analytical Approaches for State Plan CO Performance Projections. Synapse
Energy Economics, Inc. and Argonne National Laboratory. (Argonne National Laboratory’s work
supported by the US DOE, Office of Science, Office of Basic Energy Sciences.) http://www.synapse-
energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf

Florida Power & Light (FPL). 2017. Ten Year Power Plant Site Plan: 2017 — 2026. Juno Beach, FL.
Florida Power & Light (FPL). 2018. Ten Year Power Plant Site Plan: 2018 — 2027. Juno Beach, FL.

Florida Public Service Commission. 2016. Order Approving Settlement Agreement. Order No. PSC-16-
1560-AS-El. Dockets Nos. 160021-El, 160061-El, 162262-El, and 160088-El. FPSC: Tallahassee, FL.

Georgia Power. 2016. Georgia Power Company’s 2016 Integrated Resource Plan and Application for
Decertification of Plant Mitchell Units 3, 4A and 4B, Plant Kraft Unit 1 CT, and Intercession City CT.
Docket No. 40161. Atlanta, GA.
http://www.psc.state.ga.us/factsv2/Document.aspx?documentNumber=161828

Harrington, Mark. 2017. LIPA to spend $109M on energy-storage batteries for the Hamptons. Newsday.
https://www.newsday.com/long-island/lipa-to-spend-109m-on-energy-storage-batteries-for-the-hamptons-
1.13661660

Hazle Spindle LLC. 2016. Final Technology Performance Report: 20 MW Flywheel Frequency
Regulation Plant. https://www.smartgrid.gov/files/Hazle_Spindle LLC Final TPR_20160205.pdf

Indianapolis Power & Light Company (IPL). 2016. 2016 Integrated Resource Plan, Public Version.
Volumes 1 — 3. Indianapolis, IN.
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated Resource Plan (IRP)/

Kansas City Power & Light Company. 2015. Integrated Resource Plan (public). (Downloaded in several
volumes from Missouri Public Service Commission web site.) Kansas City, MO.
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=EO-2015-
0254 &attach_id=2015023422

Kansas City Power & Light Company. 2018. Integrated Resource Plan (public). (Downloaded in several
volumes from Missouri Public Service Commission web site.) Kansas City, MO.
https://efis.psc.mo.gov/mpsc/Docket.asp?caseno=E0-2018-0268

Kentucky Power Company, a unit of American Electric Power. 2016. Integrated Resource Planning
Report to the Kentucky Public Service Commission, Volume A — Public Version. (Case No. 2016-00413.)
https://psc.ky.gov/pscecf/2016-

00413/jkrosquist%40aep.com/12202016110531/KPCO_2016_IRP__ Volume_A__ Public_ Version.pdf

Lazard Ltd (Lazard). 2018. Lazard’s Levelized Cost of Storage Analysis, Version 4.0.
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/

Long Island Power Authority. 2017. 2017 Integrated Resource Plan Public Comment Summary.
Uniondale, NY. https://www.lipower.org/about-us/contracts-reports/

Maryland State Legislature. 2017a. Maryland House Bill 773: Clean Energy — Energy Storage
Technology Study. Annapolis, MD. https://legiscan.com/MD/bill/HB773/2017

29


http://www.synapse-energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf
http://www.synapse-energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf
http://www.psc.state.ga.us/factsv2/Document.aspx?documentNumber=161828
https://www.newsday.com/long-island/lipa-to-spend-109m-on-energy-storage-batteries-for-the-hamptons-1.13661660
https://www.newsday.com/long-island/lipa-to-spend-109m-on-energy-storage-batteries-for-the-hamptons-1.13661660
https://www.smartgrid.gov/files/Hazle_Spindle_LLC_Final_TPR_20160205.pdf
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated_Resource_Plan_(IRP)/
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=EO-2015-0254&attach_id=2015023422
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=EO-2015-0254&attach_id=2015023422
https://efis.psc.mo.gov/mpsc/Docket.asp?caseno=EO-2018-0268
https://psc.ky.gov/pscecf/2016-00413/jkrosquist%40aep.com/12202016110531/KPCO_2016_IRP__Volume_A___Public__Version.pdf
https://psc.ky.gov/pscecf/2016-00413/jkrosquist%40aep.com/12202016110531/KPCO_2016_IRP__Volume_A___Public__Version.pdf
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.lipower.org/about-us/contracts-reports/
https://legiscan.com/MD/bill/HB773/2017

Maryland State Legislature. 2017b. Senate Bill 758: Income Tax Credit — Energy Storage Systems.
Annapolis, MD.
http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758 &tab=subject3&y
s=2017RS

Minnesota Power. 2015. 2015 Integrated Resource Plan. Docket No. E015/RP-15-690. Duluth, MN.
https://www.mnpower.com/Content/Documents/Environment/2015-resource-plan.pdf

Nevada Energy. 2016. Application of Nevada Power Company d/b/a NV Energy seeking approval of the
Amendment to its 2016-2035 integrated resource plan. Las Vegas, NV.
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume

2.pdf

Nevada Legislature, 2017a. Senate Bill 204: requires the Public Utilities Commission of Nevada to
investigate and establish biennial targets for certain electric utilities to procure energy storage systems if
certain criteria are satisfied. Carson City, NV.
https://www.leg.state.nv.us/Session/79th2017/Bills/SB/SB204_EN.pdf

Nevada Legislature, 2017b. Senate Bill 145: revises provisions related to energy. Carson City, NV.
https://www.leg.state.nv.us/Session/79th2017/Reports/history.cfm?BilIName=SB145

Nevada Public Utilities Commission (PUC). 2018. Docket No. 17-08021. Rulemaking to implement the
provisions of Senate Bill 145 (2017): Order. Carson City, NV.
http://pucwebl.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/29834.pdf

New York State Assembly. 2017. Bill No. A06571: An Act to amend the public service law and the public
authorities law, in relation to establishing the energy storage deployment program. Albany, NY.
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y &Actions=Y &Text
=Y &Committee%26nbspVotes=Y &Floor%26nbspVotes=Y

New York Governor. 2018. Governor Cuomo Unveils 20th Proposal of 2018 State of the State: New
York's Clean Energy Jobs and Climate Agenda. Albany, NY.
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-
clean-energy-jobs-and-climate

Northwestern Energy. 2016. Electricity Supply Resource Procurement Plan: South Dakota 2016. Sioux
Falls, SD. http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-
electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf

Oregon Public Utilities Commission. 2012. In the Matter of Public Utility Commission of Oregon
Investigation of Matters Related to Electric Vehicle Charging, Docket UM 1461, Order 12-013 (Jan. 19,
2012).

PacifiCorp. 2017a. 2017 Integrated Resource Plan, Volume I. Portland, OR.
http://www.pacificorp.com/es/irp.html

PacifiCorp. 2017b. 2017 Integrated Resource Plan, Volume Il. Portland, OR.
http://www.pacificorp.com/es/irp.html

PacifiCorp. 2018. 2017 Integrated Resource Plan Update. Portland, OR.
http://www.pacificorp.com/es/irp.html

30


http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758&tab=subject3&ys=2017RS
http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758&tab=subject3&ys=2017RS
https://www.mnpower.com/Content/Documents/Environment/2015-resource-plan.pdf
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume_2.pdf
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume_2.pdf
https://www.leg.state.nv.us/Session/79th2017/Bills/SB/SB204_EN.pdf
https://www.leg.state.nv.us/Session/79th2017/Reports/history.cfm?BillName=SB145
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/29834.pdf
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y&Actions=Y&Text=Y&Committee%26nbspVotes=Y&Floor%26nbspVotes=Y
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y&Actions=Y&Text=Y&Committee%26nbspVotes=Y&Floor%26nbspVotes=Y
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-clean-energy-jobs-and-climate
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-clean-energy-jobs-and-climate
http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf
http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf
http://www.pacificorp.com/es/irp.html
http://www.pacificorp.com/es/irp.html
http://www.pacificorp.com/es/irp.html

Portland General Electric. 2016. 2016 Integrated Resource Plan.

The Potomac Edison Company. 2016. Monongahela Power Company and The Potomac Edison Company
Integrated Resource Plan. Case No. 15-2002-E-IRP.

Puget Sound Energy (PSE). 2017. 2017 PSE Integrated Resource Plan. Bellevue, WA.
https://pse.com/aboutpse/EnergySupply/Pages/Resource-Planning.aspx

Spector, J. 2018. “Duke Energy Could Spend Half a Billion Dollars on Battery Storage — Or a Lot More.”
Greentech Media. Boston, MA. https://www.greentechmedia.com/articles/read/duke-energy-could-spend-
500-million-on-battery-storage-or-a-lot-more

Tennessee Valley Authority (TVA). 2015. Integrated Resource Plan: 2015 Final Report. Knoxville, TN.
https://www.tva.com/Environment/Environmental -Stewardship/Inteqgrated-Resource-Plan

Utah State Legislature. 2016. Senate Bill 115: Sustainable Transportation and Energy Plan Act. Salt Lake
City, UT. https://le.utah.gov/~2016/bills/static/sb0115.html

Vermont General Assembly. 2017. Act No. 53: An Act Relating to the Public Service Board, Energy, and
Telecommunications. Montpelier, VT. https://legislature.vermont.gov/bill/acts/2018

Virginia General Assembly. 2017a. S1258: An Act to amend and reenact 88 67-1500, 67-1501, 67-1502,
67-1505, and 67-1508 of the Code of Virginia, relating to conversion of the Virginia Solar Energy
Development Authority to the Virginia Solar Energy Development and Energy Storage Authority.
Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+SB1258ER2

Virginia General Assembly. 2017b. H1760: An Act to amend and reenact 8 56-585.1 of the Code of
Virginia, relating to electric utility regulation; pumped hydroelectricity generation and storage facilities.
Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+HB1760ER2

Virginia General Assembly. 2018. SB 966: Electric utility regulation; grid modernization, energy
efficiency. Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?181+sum+SB966

Walton, R. 2018. “Duke Agrees to Cut North Carolina Grid Modernization Plan by $5.3 Billion.” Utility
Dive. Washington, D.C. https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-
modernization-plan-by-53b/524818/

Washington Department of Commerce. 2018. Clean Energy Fund - Washington State Department of
Commerce. http://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/

Washington Utilities and Transportation Commission (UTC). 2017. Report and Policy Statement on
Treatment of Energy Storage Technologies in Integrated Resource Planning and Resource Acquisition.
Dockets UE-151069 and U-161024. Olympia, WA.

https://www.utc.wa.gov/docs/Pages/DocketL ookup.aspx?FilinglD=161024

Wilson R and B Biewald. 2013. Best Practices in Electric Utility Integrated Resource Planning:
Examples of State Regulations and Recent Utility Plans. Regulatory Assistance Project.

Wood Mackenzie Power & Renewables / Energy Storage Association. 2019. U.S. Energy Storage
Monitor: 2018 Year in Review and Q1 2019 Executive Summary.

31


https://pse.com/aboutpse/EnergySupply/Pages/Resource-Planning.aspx
https://www.greentechmedia.com/articles/read/duke-energy-could-spend-500-million-on-battery-storage-or-a-lot-more
https://www.greentechmedia.com/articles/read/duke-energy-could-spend-500-million-on-battery-storage-or-a-lot-more
https://www.tva.com/Environment/Environmental-Stewardship/Integrated-Resource-Plan
https://le.utah.gov/%7E2016/bills/static/sb0115.html
https://legislature.vermont.gov/bill/acts/2018
https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+SB1258ER2
https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+HB1760ER2
https://lis.virginia.gov/cgi-bin/legp604.exe?181+sum+SB966
https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-modernization-plan-by-53b/524818/
https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-modernization-plan-by-53b/524818/
http://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/
https://www.utc.wa.gov/docs/Pages/DocketLookup.aspx?FilingID=161024

Xcel Energy. 2016a. 2016 Electric Resource Plan, Volume 1. Xcel Energy: Public Service Company of
Colorado. CPUC Proceeding No. 16A-0396E. Denver, CO.
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G 632219

Xcel Energy. 2016b. 2016 Electric Resource Plan, Volume 2. Xcel Energy: Public Service Company of
Colorado. CPUC Proceeding No. 16 A-0396E. Denver, CO.
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219

York DW and DR Narum. 1996. “The Lessons and Legacy of Integrated Resource Planning.” ACEEE
1996 Summer Study on Energy Efficiency in Buildings, Vol. 7 (Panel 7, Paper No. 20), Washington,
D.C. https://aceee.org/files/proceedings/1996/data/papers/SS96_Panel7 Paper20.pdf

32


https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219
https://aceee.org/files/proceedings/1996/data/papers/SS96_Panel7_Paper20.pdf

Appendix A

List of Utilities and Year of Integrated Resource Plan(s)



Appendix A
List of Utilities and Year of Integrated Resource Plan(s)

Table A.1. Utility and the Year of Its Integrated Resource Plan

Utility Report State Year(s)
Arizona Public Service Company AZ 2017
Black Hills Energy SD and CO 2016
Burlington Electric Department VT 2016
Dominion (Virginia Electric and Power Company) VA 2017 & 2018
Duke Energy, Carolinas SC/NC 2016 & 2018
El Paso Electric NM 2015
Entergy Arkansas AR 2015
Florida Power & Light Company FL 2017 & 2018
Georgia Power GA 2016
Indianapolis Power & Light Company IN 2016
Kansas City Power & Light Company MO 2015 & 2018
Kentucky Power Company KY 2016
Long Island Power Authority NY 2017
Minnesota Power MN 2015
Northwestern Energy MT and SD 2016
Nevada Energy NV 2016
PacifiCorp / Rocky Mountain Power uT 2%2;7:;;:;9
Potomac Edison Company wv 2016
Puget Sound Energy WA 2017
Tennessee Valley Authority TN 2015
Xcel Energy Cco 2016*

*IRP appears in reference list in two volumes, 2016a and 2016b.
**|RP appears in reference list in two volumes, 2017a and 2017b.
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Observed Cost Assumptions for Energy Storage Resources

Table B.1. Cost Estimates for Battery Storage Systems from IRPs that Presented Cost Data

Fixed Variable
Capital Cost O&M O&M
Utility ($/kW) ($/kW) ($/MWh) Dollar Year
Arizona Public Service, 4 Hr. Li-lon” 1,539 23.98 0.00 2016
Arizona Public Service, 4 Hr. Flow* 1,589 31.78 2016
Arizona Public Service, 4 Hr. NaS™ 1,740 34.80 2016
Arizona Public Service, 4 Hr. Lead Acid™ 941 18.82 2016
Black Hills, NaS™ 3,775 2012
Burlington Elec. Dept., 4 Hr. Li-lon” 3,400 6.45 2017
Entergy, Lead Acid™ 2,400 0.00 25.00 2015
Kentucky Power Co., 3 Hr. Li-lon” 2,300 15.90 0.00 2016
Northwestern Energy, Li-lon” 3,330 22.50 0.00 2016
Northwestern Energy, Flow* 4,570 30.00 43.00 2016
Northwestern Energy, NaS™ 5,410 26.90 29.50 2016
PacifCorp, 1 Hr. Li-lon” 1,319 2017
PacifCorp, 2 Hr. Li-lon” 2,029 2017
PacifCorp, 4 Hr. Li-lon” 3,449 2017
PacifCorp, 8 Hr. Li-lon” 6,289 2017
PacifCorp, 1 Hr. Flow* 1,936 2017
PacifCorp, 2 Hr. Flow*" 2,731 2017
PacifCorp, 4 Hr. Flow*" 4,320 2017
PacifCorp, 8 Hr. Flow*" 7,499 2017
PacifiCorp, 8 Hr. NaS** 8,286 2017
Puget Sound, 2 Hr. Li-lon” 1,514 23.68 2016
Puget Sound, 4 Hr. Li-lon” 2,439 36.49 2016
Puget Sound, 4 Hr. Flow* 2,324 26.82 2016
Puget Sound, 6-Hr. Flow* 3,042 23.40 2016

*Lithium-ion batteries.
**Sodium-sulfur or NaS batteries.
**Lead acid batteries

*Flow batteries (vanadium redox)
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Table B.2. Cost Estimates for Pumped Storage Hydro Systems from IRPs that Presented Cost Data

Capital Fixed Variable

Capacity Cost O&M o&M Dollar

Utility (MW) ($/kW) ($/kW) ($/MWh) Year

Arizona Public Service 100 3,139 78.48 3.49 2016
Northwest Energy - 2,920 15.3 0.10 2016
PacifCorp 383 3,468 21.1 0.00 2016
PacifCorp 711 2,861 16.86 0.00 2016
PacifCorp 1,200 3,601 15.58 0.00 2016
Tennessee Valley Authority 850 2,365* 2013

*Using U.S. Bureau of Economic Analysis Gross Domestic Product price deflators dated March 30, 2017, this translates to
$2,465 in 2016$.
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Appendix C

Legislative and Regulatory Actions Affecting Future
Integrated Resource Plans

Looking forward, a number of factors are likely to impact how utilities — those within this study and the
broader industry — will evaluate energy storage in future planning efforts. Numerous states have
developed energy storage policies in recent years and, as identified in this report, several utilities are
independently developing energy storage demonstration projects to inform future plans.

Whether a utility is seeking to identify best fits for energy storage to comply with a state mandate,
implementing new policies for how storage should be treated in resource planning, or incorporating
lessons learned from a demonstration project, there will be several drivers for utilities to improve storage
modeling capabilities in future plans.

Table C.1 lists recent legislative and regulatory developments that could affect how energy storage is
treated in future IRPs of the utilities in this study. Legislative actions generally set a mandate that requires
utilities to invest in a certain level of energy storage or establish funding programs to assist them in doing
s0. In some cases, legislators direct regulators to conduct a more detailed analysis of energy storage
technology or develop regulations specific to energy storage. The regulatory actions generally include
rulemakings, in which regulators set new requirements for how energy storage should be treated in
planning and other regulatory proceedings, or policy statements, in which regulators issue nonbinding
guidance on how utilities should be treating energy storage. In some cases, regulatory actions arise from a
decision in a rate case or other proceedings that resulted in a precedent on energy storage.

The actions listed on Table C.1 are mostly from 2016 and 2017, but a small number are from 2018.
Although final actions may not have been timely to be directly reflected in the IRPs reviewed herein,
given the length of regulatory proceedings, it is possible that utilities may have taken steps to improve
their analysis of energy storage before final actions were taken.

Where Table C.1 includes no entries for a utility, it means that research (primarily web searches) did not
reveal recent legislative or regulatory actions significantly affecting storage. Note that in some cases there
was proposed legislation, and perhaps legislation that passed one house of the states’ legislatures, but no
legislation passed and signed into law. Proposed legislation was not included in Table C.1.

Table C.1 includes one process that is was neither regulatory nor legislative, the Modernizing Minnesota
Grid workshop shown next to Minnesota Power. The workshop process was hosted by a group within the
University of Minnesota, and the attendees included representation of both regulatory and legislative
branches within Minnesota.
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Table C.1. Recent Legislative or Regulatory Actions

Utility

Type of Action

Description of Action

Arizona Public
Service (AZ)

Black Hills (CO/SD)

Burlington Electric

Dept. (VT)

Dominion (VA)

Florida Power &
Light (FL)

Long Island Power
Authority (NY)

NV Energy (NV)

Regulatory

Regulatory

Legislative

Legislative

Legislative

Legislative

Legislative

Regulatory

Legislative

Legislative

Legislative

In 2016, the Arizona Corporation Commission (ACC) ordered
and approved APS plans for a residential energy storage (battery)
pilot.t

In 2017, the ACC authorized APS to develop a $2 million
incentive program to assist commercial customers in acquiring
behind-the-meter storage to reduce load during peak periods.?

In 2018, the Colorado Legislature directed the Public Utilities
Commission to establish, by Feb. 1, 2019, mechanisms for
utilities to procure energy storage systems.®

In 2018, the Colorado Legislature established a right for electric
consumers to install and interconnect energy storage systems,
and directed the Public Utilities Commission to develop
interconnection rules for customer-sited energy storage systems.*

In 2017, the Vermont Legislature directed the Public Service
Commission to prepare a report on deploying energy storage in
the state and made energy storage projects eligible for funding
through the Vermont Clean Energy Development Fund.®

In 2017, the Virginia legislature passed SB1258ER, an act to
convert the Virginia Solar Energy Development Authority to the
Virginia Solar Energy Development and Energy Storage
Authority. The purpose of the authority is to support the
development of solar energy and energy storage in the
Commonwealth.® Also in 2017 the legislature passed HB
1760/SB 1418 which streamlines the regulatory approval process
for pumped storage hydro projects and potentially favors
conversions of abandoned coal mines into PSH facilities.”

In 2018, the Virginia Legislature passed HB 1558/SB 966,
‘Electric utility regulation; grid modernization; energy efficiency
programs,” which among other things directed the State
Corporation Commission (SCC) to conduct pilot programs for
the deployment of electric storage batteries with capacity limits
up to 30 MW for Dominion (and 10 MW for Appalachian
Power).®

Approved Settlement Agreement in rate proceeding, including
proposal for FPL to install up to 50 MW of battery storage.®

Assembly bills A6571 of the 2017-2018 session and A08921
directed the New York Public Service Commission in
consultation with other state agencies to establish and energy
storage procurement target for 2030.1° The entities subsequently
established targets of 1,500 MW by 2025 and 3,000 MW by
2030.

Governor Cuomo proposed to invest at least $200 million from
the New York Green Bank for storage related investments,
working toward a goal of 1,500 MWs by 2025.%

Senate Bill (SB) 204 requires the Public Utilities Commission
(PUC) of Nevada to investigate and establish biennial targets for
certain utilities to procure energy storage systems.'? The Nevada
PUC opened a docket but has yet to establish targets.

SB 145 establishes an incentive program energy storage systems
(and other DERS) — linked to the Solar Program.*® The Nevada
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PUC opened a docket and, in May 2018, issued regulations
incenting energy storage systems as part of the Solar Energy
Incentive Program.

SB 115 passed and signed into law allowing the state Public

PaC|f|CQrp / Rocky N Service Commission to authorize a large-scale utility to establish
Mountain Power Legislative ; d effici hnol includi
(UT) innovated efficiency technology programs, including energy
storage.t®
House Bill (HB) 773 requires the Power Plant Research Program
di Legislative to conduct a study of regulatory reforms and market incentives to
Potomac Edison increase the use of battery storage.16
Company (MD) . . . S
L Senate Bill 758 provides tax credits for residential and
Legislative . i
commercial battery storage.
The Washington Clean Energy Fund, established by the
Leqislative Washington Legislature, has approved funding for smart grid
g grants since 2013, including battery storage projects with
Washington utilities.®
Puget Sound Energy . - . o
(WA) The Washington Utilities and Transportation Commission (UTC)
issued a policy statement indicating storage is a key technology
Regulatory for meeting the state’s energy goals and that utilities should
pursue advanced modeling in their IRPs to identify cost effective
opportunities for storage development.®
Xcel Energy (CO / Requlator Received approval from Colorado Public Utilities Commission
MN) g y for cost recovery of capital costs of 2 energy storage projects.?
References:
1. Arizona Corporation Commission. 2016.
2. Arizona Corporation Commission. 2017.
3. Colorado General Assembly. 2018a.
4. Colorado General Assembly. 2018b.
5. Vermont General Assembly. 2017.
6. Virginia General Assembly. 2017a.
7. Virginia General Assembly. 2017b.
8. Virginia General Assembly. 2018.
9. Florida Public Service Commission. 2016.
10. New York State Assembly. 2017.
11. New York Governor. 2018.

12.
13.
14,
15.
16.
17.
18.
19.
20.

Nevada Legislature. 2017a.

Nevada Legislature. 2017b.

Nevada PUC. 2018

Utah State Legislature, 2016.
Maryland State Legislature. 2017a.
Maryland State Legislature. 2017b.
Washington Dept. of Commerce. 2018.
Washington UTC. 2017.

Colorado Public Utilities Commission. 2016.

C3



Appendix D

Bibliography



Appendix D

Bibliography

ABB. 2018. ABB Ability™ e7 platform: Version 17.1 generally available.
https://library.e.abb.com/public/6eb3d579c4a24f23939f3bb3chc48c17/e7%20platform%2017-
1%20GA%20announcement 9AKK107045A2024 170725.pdf

ABB. 2018. Planning & Risk. https://new.abb.com/enterprise-software/energy-portfolio-
management/commercial-energy-operations/planning-risk

Arizona Corporation Commission (ACC). 2016. Commission Approves Renewable Energy Plans helps
Utilities Stay on Target Commission Exploring Residential Level Energy Storage. Phoenix, AZ.
http://www.azcc.gov/Divisions/Administration/news/2016Releases/01-12-2016%20REST%20plan.pdf

Arizona Corporation Commission (ACC). 2017. Workshop Explores Battery Storage Technologies.
Phoenix, AZ. http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-3-
21%20Battery%20Storage%20Workshop.pdf

Arizona Corporation Commission. 2017. Opinion and Order in the Matter of the Application of the
Arizona Public Service Company for a Hearing to Determine the Fair Value of the Utility Property of the
Company for Ratemaking Purposes, to Fix a Just and Reasonable Rate of Return Thereon, to Approve
Rate Schedules Designed to Develop Such Return. Docket No. E-01345A-16-0036. Decision No. 76295.
Phoenix, AZ. http://docket.images.azcc.gov/0000182160.pdf

Arizona Public Service (APS). 2017. 2017 Integrated Resource Plan. Phoenix, AZ.
https://www.aps.com/en/ourcompany/ratesreqgulationsresources/resourceplanning/pages/resource-

planning.aspx

Ascend Analytics. 2017. PowerSimm™ Planner. http://www.ascendanalytics.com/powersimm-
planner.html

Balducci, PJ., JE Alam, TD Hardy, and D Wu. 2018. Assigning value to energy storage systems at
multiple points in an electrical grid. Published in Energy & Environmental Science. London, United
Kingdom. http://pubs.rsc.org/en/Content/ArticleLanding/2018/EE/C8EEQ0569A#!divAbstract

Black Hills / Colorado Electric Utility Company (Black Hills). 2016. 2016 Electric Resource Plan. Part
of the Direct Testimony and Attachments of Lisa Seaman, Attachment LS-1, In The Matter Of The
Application Of Black Hills/Colorado Electric Utility Company, LP For (1) Approval Of Its 2016 Electric
Resource Plan And (2) Approval Of Its 2016-2019 Res Compliance Plan. Rapid City, SD.
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_att-Is-1-2016-bhce-erp-6-3-16.pdf

Black Hills/Colorado Electric Utility Company. 2016. Direct Testimony and Attachments of Fredrick C.
Stoffel. Part of the Direct Testimony and Attachments of Lisa Seaman, Attachment LS-1, In The Matter
Of The Application Of Black Hills/Colorado Electric Utility Company, LP For (1) Approval Of Its 2016
Electric Resource Plan And (2) Approval Of Its 2016-2019 Res Compliance Plan. Rapid City, SD.
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_stoffel-direct-testimony 6.pdf

D.1


https://library.e.abb.com/public/6eb3d579c4a24f23939f3bb3cbc48c17/e7%20platform%2017-1%20GA%20announcement_9AKK107045A2024_170725.pdf
https://library.e.abb.com/public/6eb3d579c4a24f23939f3bb3cbc48c17/e7%20platform%2017-1%20GA%20announcement_9AKK107045A2024_170725.pdf
https://new.abb.com/enterprise-software/energy-portfolio-management/commercial-energy-operations/planning-risk
https://new.abb.com/enterprise-software/energy-portfolio-management/commercial-energy-operations/planning-risk
http://www.azcc.gov/Divisions/Administration/news/2016Releases/01-12-2016%20REST%20plan.pdf
http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-3-21%20Battery%20Storage%20Workshop.pdf
http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-3-21%20Battery%20Storage%20Workshop.pdf
http://docket.images.azcc.gov/0000182160.pdf
https://www.aps.com/en/ourcompany/ratesregulationsresources/resourceplanning/pages/resource-planning.aspx
https://www.aps.com/en/ourcompany/ratesregulationsresources/resourceplanning/pages/resource-planning.aspx
http://www.ascendanalytics.com/powersimm-planner.html
http://www.ascendanalytics.com/powersimm-planner.html
http://pubs.rsc.org/en/Content/ArticleLanding/2018/EE/C8EE00569A#!divAbstract
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_att-ls-1-2016-bhce-erp-6-3-16.pdf
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/coe_stoffel-direct-testimony_6.pdf

City of Burlington Electric Department. 2016. 2016 Integrated Resource Plan. Burlington, VT.
https://www.burlingtonelectric.com/irp

Colorado General Assembly. 2018a. House Bill 18-1270: Energy Storage Procurement Act. Denver, CO.
https://leg.colorado.gov/bills/hb18-1270

Colorado General Assembly. 2018b. Senate Bill 18-009: Concerning The Right Of Consumers Of
Electricity To Interconnect Energy Storage Systems For Use On Their Property. Denver, CO.
https://leg.colorado.gov/bills/sh18-009

Colorado Public Utilities Commission. 2016. In the Matter of the Application of Public Service Company
of Colorado for the Approval of Two Innovative Clean Technology Projects: Decision Granting Motion
and Approving Settlement Agreement. CPUC Proceeding Number 15A-0847E; CPUC Decision No. C16-
0196. Denver, CO. https://www.colorado.gov/pacific/dora/puc

Cooke AL, JS Homer, LC Schwartz, 2018. “Distribution System Planning — State Examples by Topic.”
PNNL Report.

Cotie, Bruce. 2015. “Hydro at 10,000 Feet: Modernizing the Renewable Infrastructure.” Electric Energy
T&D Magazine, accessed through EE Online. https://electricenergyonline.com/energy/110/magazine

DOE (U.S. Department of Energy). 2014. 2014 Hydropower Market Report. Washington, D.C.
https://www.energy.gov/eere/water/downloads/2014-hydropower-market-report

DOE (U.S. Department of Energy). No date. “Pumped-Storage Hydropower.” Available at
https://www.energy.gov/eere/water/pumped-storage-hydropower. Accessed Feb. 18, 2019.

DOE and EPRI (U.S. Department of Energy and Electric Power Research Institute). 2015. DOE/EPRI
Electricity Storage Handbook in Collaboration with NRECA. Prepared by Sandia National Laboratories,
EPRI, National Rural Electric Cooperative Association (NRECA), and AECOM Technical Services, Inc.,
for the U.S. Department of Energy, EPRI, and NRECA. Principal investigators: AA Akhil, G Huff, AB
Currier, BC Kaun, DM Rastler, SB Chen, AL Cotter, DT Bradshaw, and WD Gauntlett.
http://www.sandia.gov/ess/publication/doeepri-electricity-storage-handbook/

Dominion. 2017. Virginia Electric and Power Company’s Report of Its Integrated Resource Plan. Public
Version (Case No. PUR-2017-00051, Docket No. E-100, Sub 147). Richmond, VA
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2017-irp.pdf?la=en

Dominion. 2018. Virginia Electric and Power Company’s Report of Its Integrated Resource Plan. Public
Version (Case No. PUR-2018-00065). Richmond, VA.
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2018-irp.pdf

Duke Energy Carolinas. 2016. South Carolina 2016 Integrated Resource Plan (Biennial Report). Public
version. Columbia, SC.
http://www.energy.sc.gov/files/view/DEC%201RP%202016%20Corrected%2010-
2016%20Clean%20Copy.pdf

Duke Energy Carolinas. 2018. North Carolina Integrated Resource Plan (2018). Public version. Raleigh,
NC. https://starwl.ncuc.net/ NCUC/page/docket-docs/PSC/DocketDetails.aspx?Docketld=73a530c8-
031b-4f4b-al13e-6950de5d51ce

D.2


https://www.burlingtonelectric.com/irp
https://leg.colorado.gov/bills/hb18-1270
https://leg.colorado.gov/bills/sb18-009
https://www.colorado.gov/pacific/dora/puc
https://electricenergyonline.com/energy/110/magazine
https://www.energy.gov/eere/water/downloads/2014-hydropower-market-report
https://www.energy.gov/eere/water/pumped-storage-hydropower
http://www.sandia.gov/ess/publication/doeepri-electricity-storage-handbook/
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2017-irp.pdf?la=en
https://www.dominionenergy.com/library/domcom/media/about-us/making-energy/2018-irp.pdf
http://www.energy.sc.gov/files/view/DEC%20IRP%202016%20Corrected%2010-2016%20Clean%20Copy.pdf
http://www.energy.sc.gov/files/view/DEC%20IRP%202016%20Corrected%2010-2016%20Clean%20Copy.pdf
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce

El Paso Electric Company. 2015. Integrated Resource Plan of El Paso Electric Company for the Period
2015 - 2034. El Paso, TX. https://www.epelectric.com/community/2017-18-public-advisory-group-

meetings

El Paso Electric Company. 2018. Integrated Resource Plan of El Paso Electric Company for the Period
2018 — 2037. El Paso, TX.
https://www.epelectric.com/files/html/IRP_2018/ 2018 IRP_Report DRAFT_08-20-18.pdf

Energy Storage Association (ESA). 2016. Including Advanced Energy Storage in Integrated Resource
Planning: Cost Inputs and Modeling Approaches. Washington, D.C.

Energy Storage Association (ESA). 2018. Advanced Energy Storage in Integrated Resource Planning:
2018 Update. Washington, D.C. http://energystorage.org/IRP

Entergy Arkansas. 2015. Entergy Arkansas, Inc. 2015 Integrated Resource Plan. (Filed with the Arkansas
Public Service Commission, APSC Docket No. 07-016-U.) Little Rock, AR. http://entergy-
arkansas.com/integrated_resource planning/

Electric Power Research Institute (EPRI). 2017. Systems Analysis in Electric Power Sector Modeling: A
Review of the Recent Literature and Capabilities of Selected Capacity Planning Tools. EPRI principal
investigators: N Santen, J Bistline, G Blanford and F de la Chesnaye. Palo Alto, CA.
https://www.epri.com/#/pages/product/000000003002011102/

Energy Transition Lab, University of Minnesota; Strategen Consulting; and Vibrant Clean Energy. 2017.
Modernizing Minnesota’s Grid: An Economic Analysis of Energy Storage Opportunities. St. Paul, MN.
http://energytransition.umn.edu/modernizing-minnesotas-grid-an-economic-analysis-of-energy-storage-

opportunities/

Exeter Associates, Inc. 2016. Long-term Electricity Report for Maryland. Prepared for Maryland
Department of Natural Resources, Maryland Power Plant Research Program. Exeter Associates:
Columbia, MD. http://pprp.info/pprphome.htm

Federal Energy Regulatory Commission (FERC). 2018. Washington, D.C. Duke Energy Carolinas, LLC;
Notice of Application Accepted for Filing and Soliciting Comments, Motions To Intervene, and Protests.
A Notice by the Federal Energy Regulatory Commission on 05/11/2018.
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-
application-accepted-for-filing-and-soliciting-comments-motions

Federal Energy Regulatory Commission (FERC). 2018. Office of Energy Projects Energy Infrastructure
Update For August 2018. Washington, D.C. https://www.ferc.gov/legal/staff-reports/2018/aug-energy-
infrastructure.pdf.

Fisher, J, NR Santen, P Luckow, F de Sisternes, T Levin, and A Botterud. 2016. A Guide to Clean Power
Plan Modeling Tools: Analytical Approaches for State Plan CO, Performance Projections. Synapse
Energy Economics, Inc. and Argonne National Laboratory. (Argonne National Laboratory’s work
supported by the US DOE, Office of Science, Office of Basic Energy Sciences.) http://www.synapse-
energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf

Florida Power & Light (FPL). 2017. Ten Year Power Plant Site Plan: 2017 — 2026. Juno Beach, FL.

D.3


https://www.epelectric.com/community/2017-18-public-advisory-group-meetings
https://www.epelectric.com/community/2017-18-public-advisory-group-meetings
https://www.epelectric.com/files/html/IRP_2018/_____2018_IRP_Report_DRAFT_08-20-18.pdf
http://energystorage.org/IRP
http://entergy-arkansas.com/integrated_resource_planning/
http://entergy-arkansas.com/integrated_resource_planning/
https://www.epri.com/#/pages/product/000000003002011102/
http://energytransition.umn.edu/modernizing-minnesotas-grid-an-economic-analysis-of-energy-storage-opportunities/
http://energytransition.umn.edu/modernizing-minnesotas-grid-an-economic-analysis-of-energy-storage-opportunities/
http://pprp.info/pprphome.htm
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-application-accepted-for-filing-and-soliciting-comments-motions
https://www.federalregister.gov/documents/2018/05/11/2018-10074/duke-energy-carolinas-llc-notice-of-application-accepted-for-filing-and-soliciting-comments-motions
https://www.ferc.gov/legal/staff-reports/2018/aug-energy-infrastructure.pdf
https://www.ferc.gov/legal/staff-reports/2018/aug-energy-infrastructure.pdf
http://www.synapse-energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf
http://www.synapse-energy.com/sites/default/files/Guide-to-Clean-Power-Plan-Modeling-Tools.pdf

Florida Power & Light (FPL). 2017. Florida Power and Light Company’s Responses to Staff’s Second
Data Request (Nos. 1-5). Docket No. 170097-El — FPL’s Petition for Approval of a New Depreciation
Class and Rate for Energy Storage Equipment. Juno Beach, FL.
http://www.psc.state.fl.us/library/filings/2017/06162-2017/06162-2017.pdf

Florida Power & Light (FPL). 2018. Ten Year Power Plant Site Plan: 2018 — 2027. Juno Beach, FL.
https://www.fpl.com/company/pdf/10-year-site-plan.pdf

Florida Public Service Commission. 2016. Order Approving Settlement Agreement. Order No. PSC-16-
1560-AS-El. Dockets Nos. 160021-El, 160061-El, 162262-El, and 160088-EIl. FPSC: Tallahassee, FL.

Georgia Power. 2016. Georgia Power Company’s 2016 Integrated Resource Plan and Application for
Decertification of Plant Mitchell Units 3, 4A and 4B, Plant Kraft Unit 1 CT, and Intercession City CT.
Docket No. 40161. Atlanta, GA.
http://www.psc.state.ga.us/factsv2/Document.aspx?documentNumber=161828

Harrington, Mark. 2017. LIPA to spend $109M on energy-storage batteries for the Hamptons. Newsday.

Hazle Spindle LLC. 2016. Final Technology Performance Report: 20 MW Flywheel Frequency
Regulation Plant. https://www.smartgrid.gov/files/Hazle_Spindle LLC Final TPR_20160205.pdf

Indianapolis Power & Light Company (IPL). 2016. 2016 IRP Non-Technical Summary. Indianapolis, IN.
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated Resource Plan_(IRP)/

Indianapolis Power & Light Company (IPL). 2016. 2016 Integrated Resource Plan, Public Version.
Volumes 1 — 3. Indianapolis, IN.
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated Resource Plan (IRP)/

Kansas City Power & Light Company. 2015. Integrated Resource Plan (public). (Downloaded in several
volumes from Missouri Public Service Commission web site.) Kansas City, MO.
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=E0-2015-
0254 &attach_id=2015023422

Kansas City Power & Light Company. 2018. Integrated Resource Plan (public). (Downloaded in several
volumes from Missouri Public Service Commission web site.) Kansas City, MO.
https://efis.psc.mo.gov/mpsc/Docket.asp?caseno=EO-2018-0268

Kentucky Power Company, a unit of American Electric Power. 2016. Integrated Resource Planning
Report to the Kentucky Public Service Commission, Volume A — Public Version. (Case No. 2016-00413.)
https://psc.ky.gov/pscecf/2016-

00413/jkrosquist%40aep.com/12202016110531/KPCO _2016_IRP__Volume A__ Public__Version.pdf

Lazard Ltd (Lazard). 2018. Lazard’s Levelized Cost of Storage Analysis, Version 4.0.
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/

Long Island Power Authority. 2017. 2017 Integrated Resource Plan Public Comment Summary.
Uniondale, NY. https://www.lipower.org/about-us/contracts-reports/

Long Island Power Authority. 2017. Long Island Power Authority: Minutes of the 268™ Meeting Held on
May 24, 2017. Uniondale, NY. https://www.lipower.org/about-us/boardoftrusteeslandingpage/board-
meeting-committee-materials/

D.4


http://www.psc.state.fl.us/library/filings/2017/06162-2017/06162-2017.pdf
https://www.fpl.com/company/pdf/10-year-site-plan.pdf
http://www.psc.state.ga.us/factsv2/Document.aspx?documentNumber=161828
https://www.smartgrid.gov/files/Hazle_Spindle_LLC_Final_TPR_20160205.pdf
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated_Resource_Plan_(IRP)/
https://www.iplpower.com/About_IPL/Regulatory/Filings/Integrated_Resource_Plan_(IRP)/
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=EO-2015-0254&attach_id=2015023422
https://www.efis.psc.mo.gov/mpsc/commoncomponents/view_itemno_details.asp?caseno=EO-2015-0254&attach_id=2015023422
https://efis.psc.mo.gov/mpsc/Docket.asp?caseno=EO-2018-0268
https://psc.ky.gov/pscecf/2016-00413/jkrosquist%40aep.com/12202016110531/KPCO_2016_IRP__Volume_A___Public__Version.pdf
https://psc.ky.gov/pscecf/2016-00413/jkrosquist%40aep.com/12202016110531/KPCO_2016_IRP__Volume_A___Public__Version.pdf
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.lipower.org/about-us/contracts-reports/
https://www.lipower.org/about-us/boardoftrusteeslandingpage/board-meeting-committee-materials/
https://www.lipower.org/about-us/boardoftrusteeslandingpage/board-meeting-committee-materials/

Maryland Energy Administration and Maryland Public Service Commission. 2016. Energy Storage:
Considerations for Maryland. Prepared for the House Economic Matters Committee, Maryland General
Assembly. Maryland Energy Administration: Baltimore, MD.
http://energy.maryland.gov/Reports/FY15_Energy Storage Report.pdf

Maryland State Legislature. 2017. Maryland House Bill 773: Clean Energy — Energy Storage Technology
Study. Annapolis, MD. https://legiscan.com/MD/bill/HB773/2017

Maryland State Legislature. 2017. Senate Bill 758: Income Tax Credit — Energy Storage Systems.
Annapolis, MD.
http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758&tab=subject3&y
s=2017RS

Minnesota Power. 2015. 2015 Integrated Resource Plan. Docket No. E015/RP-15-690. Duluth, MN.
https://www.mnpower.com/Content/Documents/Environment/2015-resource-plan.pdf

Minnesota Public Utilities Commission. 2016. Order Certifying Advanced Distribution-Management
System (ADMS) Project Under Minn. Stat. 8 216b.2425 And Requiring Distribution Study. MPUC Docket
Number E-002/M-15-962.
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentl
d={6ACF016C-3EQE-4CA7-A52A-35FDOE28D7FB}&documentTitle=20166-122702-01

Nevada Energy. 2016. Application of Nevada Power Company d/b/a NV Energy seeking approval of the
Amendment to its 2016-2035 integrated resource plan. Las Vegas, NV.
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume

2.pdf

Nevada Legislature, 2017. Senate Bill 204: requires the Public Utilities Commission of Nevada to
investigate and establish biennial targets for certain electric utilities to procure energy storage systems if
certain criteria are satisfied. Carson City, NV.
https://www.leg.state.nv.us/Session/79th2017/Bills/SB/SB204_EN.pdf

Nevada Legislature, 2017. Senate Bill 145: revises provisions related to energy. Carson City, NV.
https://www.leg.state.nv.us/Session/79th2017/Reports/history.cfm?BilIName=SB145

Nevada Public Utilities Commission. 2016. Notice of Investigation Regarding Battery Storage
Technologies and Notice of Workshop. Carson City, NV.
http://pucwebl.state.nv.us/PDF/AxImages/DOCKETS 2015 THRU_PRESENT/2016-1/10735.pdf

Nevada Public Utilities Commission. 2018. Docket No. 17-08021. Rulemaking to implement the
provisions of Senate Bill 145 (2017): Order. Carson City, NV.
http://pucwebl.state.nv.us/PDF/AxImages/DOCKETS 2015 THRU PRESENT/2017-8/29834.pdf

New York State Assembly. 2017. Bill No. A06571: An Act to amend the public service law and the public
authorities law, in relation to establishing the energy storage deployment program. Albany, NY.
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y &Actions=Y & Text
=Y &Committee%26nbspVotes=Y &Floor%26nbspVotes=Y

New York State Assembly. 2018. Bill No. A08921A: An act to amend the public service law and the
public authorities law, in relation to establishing the energy storage deployment policy. Albany, NY.

D.5


http://energy.maryland.gov/Reports/FY15_Energy_Storage_Report.pdf
https://legiscan.com/MD/bill/HB773/2017
http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758&tab=subject3&ys=2017RS
http://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=sb0758&tab=subject3&ys=2017RS
https://www.mnpower.com/Content/Documents/Environment/2015-resource-plan.pdf
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7b6ACF016C-3E0E-4CA7-A52A-35FD0E28D7FB%7d&documentTitle=20166-122702-01
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7b6ACF016C-3E0E-4CA7-A52A-35FD0E28D7FB%7d&documentTitle=20166-122702-01
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume_2.pdf
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/images/NPC_IRP_Amendment_Volume_2.pdf
https://www.leg.state.nv.us/Session/79th2017/Bills/SB/SB204_EN.pdf
https://www.leg.state.nv.us/Session/79th2017/Reports/history.cfm?BillName=SB145
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2016-1/10735.pdf
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/29834.pdf
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y&Actions=Y&Text=Y&Committee%26nbspVotes=Y&Floor%26nbspVotes=Y
http://assembly.state.ny.us/leg/?default_fld=&bn=A06571&term=2017&Summary=Y&Actions=Y&Text=Y&Committee%26nbspVotes=Y&Floor%26nbspVotes=Y

http://assembly.state.ny.us/leg/?default fld=&leq video=&bn=A08921&term=2017&Summary=Y &Acti
ons=Y&Memo=Y &Text=Y

New York Governor. 2018. Governor Cuomo Unveils 20th Proposal of 2018 State of the State: New
York's Clean Energy Jobs and Climate Agenda. Albany, NY.
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-
clean-energy-jobs-and-climate

Northwestern Energy. 2016. Electricity Supply Resource Procurement Plan: South Dakota 2016. Sioux
Falls, SD. http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-
electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf

Oregon Public Utilities Commission. 2012. In the Matter of Public Utility Commission of Oregon
Investigation of Matters Related to Electric Vehicle Charging, Docket UM 1461, Order 12-013 (Jan. 19,
2012).

PacifiCorp. 2017a. 2017 Integrated Resource Plan, Volume 1. Portland, OR.
http://www.pacificorp.com/es/irp.html

PacifiCorp. 2017b. 2017 Integrated Resource Plan, Volume Il. Portland, OR.
http://www.pacificorp.com/es/irp.html

PacifiCorp. 2018. 2017 Integrated Resource Plan Update. Portland, OR.
http://www.pacificorp.com/es/irp.html

Portland General Electric. 2016. 2016 Integrated Resource Plan.

The Potomac Edison Company. 2016. Monongahela Power Company and The Potomac Edison Company
Integrated Resource Plan. Case No. 15-2002-E-IRP.

Puget Sound Energy (PSE). 2017. 2017 PSE Integrated Resource Plan. Bellevue, WA.
https://pse.com/aboutpse/EnergySupply/Pages/Resource-Planning.aspx

Public Utility Commission of Texas (PUCT). 2018. PUC Docket No. 463: Order. Austin, TX.
http://interchange.puc.state.tx.us/WebApp/Interchange/application/dbapps/filings/pgSearch Results.asp?
TXT CNTR NO=46368&TXT ITEM NO=166

Spector, J. 2018. “Duke Energy Could Spend Half a Billion Dollars on Battery Storage — Or a Lot More.”
Greentech Media. Boston, MA. https://www.greentechmedia.com/articles/read/duke-energy-could-spend-
500-million-on-battery-storage-or-a-lot-more

Tennessee Valley Authority (TVA). 2015. Integrated Resource Plan: 2015 Final Report. Knoxville, TN.
https://www.tva.com/Environment/Environmental-Stewardship/Integrated-Resource-Plan

Utah State Legislature. 2016. Senate Bill 115: Sustainable Transportation and Energy Plan Act. Salt Lake
City, UT. https://le.utah.gov/~2016/bills/static/sb0115.html

Vermont General Assembly. 2017. Act No. 53: An Act Relating to the Public Service Board, Energy, and
Telecommunications. Montpelier, VT. https://legislature.vermont.gov/bill/acts/2018

D.6


http://assembly.state.ny.us/leg/?default_fld=&leg_video=&bn=A08921&term=2017&Summary=Y&Actions=Y&Memo=Y&Text=Y
http://assembly.state.ny.us/leg/?default_fld=&leg_video=&bn=A08921&term=2017&Summary=Y&Actions=Y&Memo=Y&Text=Y
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-clean-energy-jobs-and-climate
https://www.governor.ny.gov/news/governor-cuomo-unveils-20th-proposal-2018-state-state-new-yorks-clean-energy-jobs-and-climate
http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf
http://www.northwesternenergy.com/docs/default-source/documents/2016-south-dakota-electricity-supply-resource-procurement-plan/2016sdplanallchapters.pdf
http://www.pacificorp.com/es/irp.html
http://www.pacificorp.com/es/irp.html
http://www.pacificorp.com/es/irp.html
https://pse.com/aboutpse/EnergySupply/Pages/Resource-Planning.aspx
http://interchange.puc.state.tx.us/WebApp/Interchange/application/dbapps/filings/pgSearch_Results.asp?TXT_CNTR_NO=46368&TXT_ITEM_NO=166
http://interchange.puc.state.tx.us/WebApp/Interchange/application/dbapps/filings/pgSearch_Results.asp?TXT_CNTR_NO=46368&TXT_ITEM_NO=166
https://www.greentechmedia.com/articles/read/duke-energy-could-spend-500-million-on-battery-storage-or-a-lot-more
https://www.greentechmedia.com/articles/read/duke-energy-could-spend-500-million-on-battery-storage-or-a-lot-more
https://www.tva.com/Environment/Environmental-Stewardship/Integrated-Resource-Plan
https://le.utah.gov/%7E2016/bills/static/sb0115.html
https://legislature.vermont.gov/bill/acts/2018

Virginia General Assembly. 2017. S1258: An Act to amend and reenact §§ 67-1500, 67-1501, 67-1502,
67-1505, and 67-1508 of the Code of Virginia, relating to conversion of the Virginia Solar Energy
Development Authority to the Virginia Solar Energy Development and Energy Storage Authority.
Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+SB1258ER2

Virginia General Assembly. 2017. H1760: An Act to amend and reenact § 56-585.1 of the Code of
Virginia, relating to electric utility regulation; pumped hydroelectricity generation and storage facilities.
Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+HB1760ER2

Virginia General Assembly. 2018. SB 966: Electric utility regulation; grid modernization, energy
efficiency. Richmond, VA. https://lis.virginia.gov/cgi-bin/legp604.exe?181+sum+SB966

Washington Department of Commerce. 2018. Clean Energy Fund - Washington State Department of
Commerce. http://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/

Walton, R. 2018. “Duke Agrees to Cut North Carolina Grid Modernization Plan by $5.3 Billion.” Utility
Dive. Washington, D.C. https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-
modernization-plan-by-53b/524818/

Washington Utilities and Transportation Commission (UTC). 2017. Report and Policy Statement on
Treatment of Energy Storage Technologies in Integrated Resource Planning and Resource Acquisition.
Dockets UE-151069 and U-161024. Olympia, WA.
https://www.utc.wa.gov/docs/Pages/DocketLookup.aspx?FilinglD=161024

Wilson R and B Biewald. 2013. Best Practices in Electric Utility Integrated Resource Planning:
Examples of State Regulations and Recent Utility Plans. Regulatory Assistance Project.

Wood Mackenzie Power & Renewables / Energy Storage Association. 2019. U.S. Energy Storage
Monitor: 2018 Year in Review and Q1 2019 Executive Summary.

Xcel Energy. 2014. Upper Midwest Resource Plan, 2016 — 2030. Xcel Energy, Northern States Power
Company-Minnesota.

https://www.xcelenergy.com/company/rates_and_regulations/filings/upper midwest 2016-

2030 resource plan

Xcel Energy. 2016. 2016 Electric Resource Plan, Volume 1. Xcel Energy: Public Service Company of
Colorado. CPUC Proceeding No. 16 A-0396E. Denver, CO.
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219

Xcel Energy. 2016. 2016 Electric Resource Plan, Volume 2. Xcel Energy: Public Service Company of
Colorado. CPUC Proceeding No. 16 A-0396E. Denver, CO.
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219

York DW and DR Narum. 1996. “The Lessons and Legacy of Integrated Resource Planning.” ACEEE
1996 Summer Study on Energy Efficiency in Buildings, Vol. 7 (Panel 7, Paper No. 20), Washington,
D.C. https://aceee.org/files/proceedings/1996/data/papers/SS96_Panel7_Paper20.pdf

D.7


https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+SB1258ER2
https://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+HB1760ER2
https://lis.virginia.gov/cgi-bin/legp604.exe?181+sum+SB966
http://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/
https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-modernization-plan-by-53b/524818/
https://www.utilitydive.com/news/duke-agrees-to-cut-north-carolina-grid-modernization-plan-by-53b/524818/
https://www.utc.wa.gov/docs/Pages/DocketLookup.aspx?FilingID=161024
https://www.xcelenergy.com/company/rates_and_regulations/filings/upper_midwest_2016-2030_resource_plan
https://www.xcelenergy.com/company/rates_and_regulations/filings/upper_midwest_2016-2030_resource_plan
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219
https://www.dora.state.co.us/pls/efi/EFI.Show_Filing?p_session_id=&p_fil=G_632219
https://aceee.org/files/proceedings/1996/data/papers/SS96_Panel7_Paper20.pdf

Pacific
Northwest

NATIONAL LABORATORY

www.pnnl.gov

902 Battelle Boulevard
P.O. Box 999

Richland, WA 99352
1-888-375-PNNL (7665)

U.S. DEPARTMENT OF

ENERGY



	Executive Summary
	Acronyms and Abbreviations
	Contents
	Figures
	Tables
	1.0 Introduction
	2.0 The IRP Process
	2.1 IRP Practices Do Not Reveal Energy Storage Benefits

	3.0 Inclusion of Storage
	3.1 Technologies Reviewed
	3.2 Methodology for Selection of IRPs
	3.3 Inclusion of Battery Storage
	3.4 Inclusion of Combustion Turbines
	3.5 Inclusion of Pumped Storage Hydropower

	4.0 Benefits of Battery Storage Quantified in IRPs
	5.0 Models Used in IRPs
	5.1 Emerging Models and Practices for Energy Storage

	6.0 Capital Cost Estimates
	7.0 Summary and Next Steps
	8.0 References
	Appendix A  – List of Utilities and Year of Integrated Resource Plan(s)
	Appendix B  – Observed Cost Assumptions for Energy Storage Resources
	Appendix C  – Legislative and Regulatory Actions Affecting Future Integrated Resource Plans
	Appendix D  – Bibliography


