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1  Introduction and Motivation 1 

North Carolina’s power sector faces a rapidly increasing penetration of renewable energy as well 2 
as economic and environmental pressures to decrease coal production (Nelson and Liu, 2018). 3 
Energy storage may present an attractive solution to ensure reliable service, decrease costs to rate 4 
payers, and reduce the environmental impacts of electricity production. Given the complexity of 5 
grid operations, however, the impacts of using energy storage to achieve these goals should be 6 
rigorously evaluated. The NC General Assembly passed HB589, titled “Competitive Energy 7 
Solutions for NC,” and it was signed into law by Gov. Cooper in July 2017. Part XII, Section 12 8 
requires the North Carolina Policy Collaboratory to undertake a study on energy storage 9 
technology and its potential benefit to NC consumers: 10 

 11 

This report fulfills the requirements outlined in the study. The study team includes faculty, staff, 12 
and students from North Carolina State University, spanning engineering, economics, and public 13 
policy. We have embarked on a comprehensive review of grid-related services that energy 14 
storage can fulfill, conducted techno-economic assessments of relevant storage technologies, 15 
performed benefit-cost analyses to determine where storage can provide significant value in both 16 
stand-alone and stacked scenarios, examined the current business, regulatory and legal 17 
framework in which these technologies would need to find their footing, and identified potential 18 
regulatory and policy barriers to the cost-effective adoption of storage within North Carolina. To 19 
assist with our efforts, we have engaged numerous stakeholders through multiple public 20 
meetings in addition to bilateral meetings with interested parties.  Through these meetings, we 21 
have shared our approach, data, models, and insights. In return, we have received valuable 22 
stakeholder feedback that has helped to shape and improve the analysis contained within this 23 
report. 24 

The overarching goal of the study – motivated by the legislative language – is to identify 25 
opportunities to deploy storage that benefit North Carolina consumers. To meet this goal, we 26 
maintain the broadest possible scope, within the limits afforded by time and budget. To help 27 
focus our efforts early in the project, we developed the following working definition of an energy 28 
storage system: 29 
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“a system used to store electrical, mechanical, chemical, or thermal energy that was once 1 
electrical energy, for use in a process that contributes to end-user demand management or 2 
grid operation and reliability.” 3 

This definition focuses our efforts on the use of storage technologies that interact with the 4 
electricity grid, either directly or indirectly. While some systems may use stored thermal energy 5 
to meet heating or cooling demands, we consider such applications beyond the scope of this 6 
study. We also examine the cost-effectiveness of storage technologies under different scenarios. 7 
Given the rapidly changing electricity generation mix and declining battery costs (particularly 8 
lithium-ion), we perform benefit-cost analysis that considers opportunities in today’s system as 9 
well as in 2030. 10 

The report is organized as follows. Section 2 provides a snapshot of the current energy storage 11 
market in the United States. Section 3 identifies the various grid-related services and applications 12 
that can be fulfilled with energy storage. Our categorization of grid services is guided by the 13 
recognition that the North Carolina power system operates in a regulatory environment 14 
dominated by a vertically integrated, investor-owned utility. In addition, we provide a rationale 15 
for which services we analyze in this report. In Section 4, we provide a review and techno-16 
economic assessment of relevant energy storage technologies. Section 5 identifies the compatible 17 
set of services and energy storage technologies, and provides an overview of our approach to this 18 
analysis. Section 6 includes the background, methods, and results for each grid-related service. 19 
Section 7 evaluates the possibility of value stacking applications to increase the benefits of 20 
energy storage, and Section 8 discusses the job implications associated with storage deployment. 21 
Section 9 includes a detailed assessment of policy in both North Carolina and nationally. Section 22 
10 concludes with key insights and recommendations to help North Carolina fully realize and 23 
deliver the benefits of energy storage to NC consumers. 24 

One final note: we have endeavored to use publicly available data and models, whenever 25 
possible, in order to ensure transparency in our efforts. In addition to providing results, we have 26 
taken care to explain our approach in a way that allows others to replicate our work. Where 27 
possible, models and data used within our analysis will be made available for the benefit and use 28 
of stakeholders and future researchers on the project website.  29 

References 30 

Nelson, W., and S. Liu. “Half of U.S. Coal Fleet on Shaky Economic Footing: Coal Plant 31 
Operating Margins Nationwide.” Bloomberg New Energy Finance, 2018. 32 
  33 
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2  Current Status of Energy Storage Deployment 1 

According to GTM Research and the Energy Storage Association (2018), 1.08 Gigawatt-hours 2 
(GWh) of energy storage was deployed in the U.S. between 2013 and 2017. While front-of-the-3 
meter projects account for the majority of this capacity, behind-the-meter storage deployment is 4 
increasing. In Q1 2018, behind-the-meter residential and non-residential installations accounted 5 
for 63% of the MW and 49% of the MWh deployed (GTM Research and ESA). Furthermore, 6 
approximately the same amount of residential energy storage capacity was installed in Q1 2018 7 
as front-of-the-meter storage capacity. Similarly, the Smart Electric Power Alliance found that 8 
between 2016 and 2017, residential storage deployment increased by over 200% (in MW), while 9 
non-residential deployment increased 9% and front-of-the-meter (utility-scale) deployment 10 
decreased by 3% (SEPA, 2018). 11 

2.1.  Top State Energy Storage Markets 12 
While energy storage deployment is quickly increasing in the U.S., these projects tend to be 13 
concentrated in particular regions or states. In 2017, the Energy Information Administration 14 
found that the PJM market region led deployment with 278 MW installed, followed by the 15 
California ISO region (130 MW), all other continental U.S. regions (90 MW), ERCOT and 16 
Alaska/Hawaii (83 MW), MISO (21 MW), and ISO-New England (23 MW) (EIA, 2018).  17 

 18 

Figure 2.1 Energy storage deployment across the United States in 2017 (U.S. EIA, 2018). 19 

California is currently the leading state for energy storage deployment, with at least 296.6 MW 20 
(770.6 MWh) installed (SEPA, 2018). This is due in large part to the state’s 1,325 MW energy 21 
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storage procurement target and the Self-Generation Incentive Program, which provides rebates 1 
for both residential and commercial energy storage projects. 2 

Hawaii is another leader in energy storage deployment, with at least 35.6 MW (80.8 MWh) 3 
installed (SEPA, 2018). Hawaii’s unique position as an island and high electricity rates have 4 
contributed to storage deployment in the state, as well as new customer compensation options for 5 
solar-plus-storage systems. 6 

Arizona is a strong state for energy storage deployment, with 26.4 MW (13.3 MWh) of installed 7 
capacity (SEPA, 2018). The Arizona Corporation Commission established a temporary 8 
moratorium on new natural gas generation, and recently revised utility planning procedures to 9 
more fully consider energy storage. 10 

Texas’ energy storage market is growing, largely due to battery systems being installed at 11 
existing wind energy facilities (SEPA, 2018). Texas has 88.7 MW (103.4 MWh) of installed 12 
energy storage capacity (SEPA, 2018). 13 

2.2.  North Carolina Energy Storage Market 14 
In North Carolina, approximately 1 MW of battery storage capacity has been deployed (DOE, 15 
2018 and SEPA, 2018). Ice thermal storage is much more prevalent in the state, with over 80 16 
projects currently deployed, the majority of which are located at schools (NCSEA, 2018). A 17 
pumped hydroelectric storage project is also in use in the state, providing approximately 185 18 
MW of capacity (NCSEA, 2018). Several additional battery storage projects are planned in the 19 
state, including 12 MWh of battery storage facilities coupled with solar photovoltaic projects for 20 
Brunswick Electric Membership Corporation (Cypress Creek Renewables, 2018) and a 500 kW 21 
battery storage facility paired with a 1 MW solar PV project for Fayetteville Public Works 22 
Commission (FPWC, 2017). Duke Energy also announced in October 2018 that it would be 23 
investing $500 million in battery storage (approximately 300 MW of capacity) in the Carolinas 24 
over the next 15 years (Duke Energy, 2018). Figure 2.1 provides the location and type of existing 25 
energy storage facilities in the Southeastern U.S. 26 

2.3. Energy Storage Market Projections 27 
GTM Research projects that the U.S. energy storage market will grow 17 times, in terms of 28 
capacity, from 2017 to 2023 (GTM Research, 2018). GTM estimates that in 2023, 47% of 29 
deployments will be residential and non-residential behind-the-meter installations, with the 30 
remainder being front-of-the-meter projects. Bloomberg New Energy Finance predicts that the 31 
global energy storage market will double six times by 2030 to reach a cumulative 305 GWh, 32 
with 25% of deployments being in the U.S (Bloomberg, 2017). 33 

State energy storage markets will vary significantly and continue to be driven by state policies. 34 
Five states – California, Massachusetts, New Jersey, New York, and Oregon – currently have 35 
energy storage procurement targets. These targets are as follows: California – 1,325 MW by 36 
2020; Massachusetts – 1,000 MWh by 2025; New Jersey – 2,000 MW by 2030; New York – 37 
1,500 MW by 2025, and Oregon – 15 MWh by 2020. Some utilities have also developed plans to 38 
deploy significant amounts of energy storage. For example, the integrated resource plan of 39 
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Public Service Company of Colorado (d/b/a Xcel Energy), approved in August 2018, includes 1 
225 MW of energy storage. 2 

 3 

Figure 2.2. Energy storage facilities across the Southeastern United States (North Carolina 4 
Sustainable Energy Association, 2018). 5 

2.4.  Federal Energy Storage Policy Overview 6 
Energy storage deployment in the U.S. has been – and continues to be – highly policy dependent, 7 
with policy and regulatory attention to storage quickly increasing. At the federal level, the 8 
primary drivers of energy storage development are the investment tax credit and Modified 9 
Accelerated Cost Recovery System (MACRS), both available to battery storage facilities paired 10 
with renewable energy systems to different extents based on the degree to which the battery is 11 
charged with renewable energy (NREL, 2018). The Public Utility Regulatory Policies Act can 12 
also facilitate energy storage deployment, depending on state implementation, and the Federal 13 
Energy Regulatory Commission is addressing energy storage in multiple ongoing proceedings. 14 

2.5.  State Energy Storage Policy Overview 15 
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At the state level, policymakers and regulators are addressing energy storage in many different 1 
ways. Since January 2017, at least 36 states considered policy or regulatory changes related to 2 
energy storage (NCCETC, 2018). (See Figure 2.3.) One way that several states are beginning to 3 
address storage is with formal studies, such as those undertaken in Massachusetts, Vermont, and 4 
Maryland (see Table 2.1). Other states are undertaking broader investigatory proceedings related 5 
to electric grid modernization, which include consideration of energy storage. 6 

 7 

Figure 2.3. Recent legislative and regulatory action on energy storage (NCCETC, 2018). 8 
 9 

State regulators are also revising resource planning processes in order to more fully evaluate 10 
energy storage options and undertaking distribution system planning efforts to identify locations 11 
on the grid where energy storage and other distributed energy resources may provide greater or 12 
lesser value. Policymakers and regulators are also examining interconnection standards and 13 
distributed energy resource compensation rules to clarify their application to energy storage 14 
systems. Policymakers in other states are taking steps to directly grow the energy storage market 15 
by proposing new incentive programs, such as those in Maryland and Nevada, and energy 16 
storage procurement targets, such as those in California and Massachusetts. Section 9 of the 17 
report provides more detail on state-level policy and regulation. 18 

 19 

 20 

 21 

 22 
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Table 2.1. State-initiated energy storage studies. 1 

State Origin Directive Timeline Results 

MD H.B. 773 
(Enacted 
May 
2017) 

H.B. 773 directed the Maryland Power Plant 
Research Program to conduct a study of 
regulatory reforms and market incentives 
that are necessary or beneficial to increase 
the use of energy storage devices in the state. 
The Program is to consult with stakeholders 
to conduct the study. 

Began 
July 2017; 
Due 
December 
2018 

Initial findings, published in January 
2018, discuss stakeholder perspectives 
on obstacles to storage deployment and 
a wide variety of policy 
recommendations.  

MA Governor The study was intended to examine the 
national and state storage industry landscape, 
economic development and market 
opportunities for storage in the state, and 
potential policies and programs to support 
storage deployment. The study was to 
provide policy and regulatory 
recommendations along with a cost-benefit 
analysis. 

Published 
September 
2016 

Recommended a goal of 600 MW of 
advanced energy storage by 2025, 
which the authors estimate would result 
in $800 million in system benefits to 
ratepayers. The Department of Energy 
Resources subsequently established a 
200 MWh by 2020 target. Legislation 
enacted in August 2018 established a 
1,000 MWh by 2025 target. 

NV S.B. 204 
(Enacted 
May 
2017) 

S.B. 204 directed the Public Utilities 
Commission of Nevada to determine 
whether it is in the public interest to 
establish an energy storage procurement 
target. 

Published 
October 
2018 

Study finds that by 2020, 175 MW of 
utility-scale battery storage can be 
deployed cost-effectively, increasing to 
700 MW – 1,000 MW by 2030. Behind-
the-meter storage capacity could add up 
to 300 MW by 2030. 

NJ A.B. 
3723 
(Enacted 
May 
2018) 

A.B. 3723 directs the Board of Public 
Utilities and PJM Interconnection to work 
with stakeholders to conduct an analysis 
examining how storage can provide benefits 
to ratepayers and promote electric vehicles; 
types of storage technologies; the benefits 
and costs to ratepayers, local governments, 
and utilities; the optimal amount of energy 
storage to add in the state over the next five 
years to maximize ratepayer benefits; the 
optimal locations for distributed energy 
resources; and the cost to ratepayers of 
adding the optimal amount of storage. The 
study is to quantify potential benefits and 
costs of increasing storage in the state and 
provide recommendations to increase storage 
opportunities, including financial incentive 
recommendations. 

Due May 
2019 

Study has not yet been completed. A.B. 
3723 established a 2,000 MW by 2030 
energy storage target. Following the 
study, the Board of Public Utilities it to 
develop a process and mechanism for 
achieving the target. 

NY Governor Developed by the Department of Public 
Service and New York State Energy 
Research and Development Authority to 
plan an approach and make 
recommendations to achieve Governor 
Cuomo’s 1,500 MW energy storage target. 

Target 
announced 
January 
2018; 
Published 
June 2018 

Identifies policies, regulations, and 
initiatives that will help meet the 
Governor’s statewide energy storage 
target of 1,500 MW by 2025.  

NC 

 

H.B. 589 
(Enacted 

H.B. 589 directed the North Carolina Policy 
Collaboratory to study how energy storage 
technologies may or may not provide value 
to North Carolina consumers. The study was 

Began 
December 
2017; Due 

Detailed in this report. 
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NC 
(cont’d) 

July 
2017) 

to address the feasibility of storage in the 
state, the economic potential or impact of 
storage deployment, and recommended 
policy changes that may be considered. 

December 
2018 

VT Act 53 
(Enacted 
May 
2017) 

Act 53 directed the Department of Public 
Service to prepare a report on deploying 
energy storage on Vermont's transmission 
and distribution system. The report was to 
examine actions affecting energy storage 
deployment; federal and state jurisdictional 
issues; opportunities for, benefits of, and 
barriers to energy storage deployment; 
regulatory options and structures that can 
foster energy storage; and potential methods 
for fostering the development of cost-
effective energy storage and the benefit and 
cost impacts on ratepayers.  

Published 
October 
2017 

Recommended that in the short term, 
utilities include storage analyses in 
integrated resource planning and in the 
long term, the Department of Public 
Service should evaluate cost-benefit 
methodologies to create a more concrete 
framework for utility evaluation of 
storage. Recommends, in the longer 
term, utilizing locational value in rate 
design. Does not recommend any 
changes to interconnection rules and 
recommends against adoption of a 
storage procurement target at this time. 

VA H.B. 
5002 
(Enacted 
June 
2018) 

H.B. 5002, the 2018 Budget Bill, directs the 
Virginia Solar Development Authority and 
Department of Mines, Minerals, and Energy 
to conduct a study to determine whether or 
not legislation adopting regulatory reforms 
and incentives will be helpful in encouraging 
emerging energy storage capacity in the 
state.  

Awarded 
Contract 
November 
2018; Due 
September 
2019 

Study has not yet been completed. 

 1 
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3  Storage Applications and Services 1 

Several studies have catalogued and characterized the range of services that can be provided by 2 
energy storage systems (e.g., Akhil et al., 2013; ESA 2018; Fitzgerald et al., 2015; 3 
Massachusetts, 2016; Stanfield ,2017; Vermont, 2017; Byrne, 2012). While there are different 4 
ways to categorize the services provided, we have chosen to do so in a way that makes the most 5 
sense in a North Carolina context. At the highest level, we distinguish between behind-the-meter 6 
and in-front of the meter services. We refer to behind-the-meter services as end-user services; in-7 
front services include distribution services, transmission services, and generation and resource 8 
adequacy. We provide a comprehensive list of services under these categories, and prioritize key 9 
services for quantitative analysis based on the likelihood that a particular storage service will 10 
provide significant value to North Carolina consumers. Also, it is important to note that some of 11 
these grid-related services are not explicitly procured or valued, but are needed for the reliable 12 
and safe operation of the grid.  13 

Some of these services can be stacked in order to increase the overall value stream, but the 14 
viability of providing multiple services depends on the location (i.e., behind-meter, distribution, 15 
transmission), technology type, regulatory hurdles, and the value of each service. In Section 7, 16 
we describe the viability of stacking services.  17 

3.1  End User Services 18 

In this section, we provide a list of energy storage services and values that can directly benefit 19 
end-users, which include residential, commercial, and industrial customers. 20 

3.1.1  Time-of-Use/Energy Management 21 

Energy storage is able to shift the net load of customers to take advantage of time-of-use (TOU) 22 
pricing or other incentives by adjusting when electricity from the grid is consumed.  23 

3.1.2  Demand Charge Management 24 

Shifting electricity consumption to reduce the customer’s highest peak consumption from the 25 
grid can reduce demand charges ($/kW). These are especially significant for industrial and 26 
commercial customers. This application can often be coupled with time-of-use rate reduction 27 
($/kWh).  These charges can be based on the end-user’s electricity usage coincident with the 28 
system peak or the end-user’s highest electricity usage during a billing period.  29 

3.1.3  Backup Power 30 

Aside from reducing electricity bills, storage can provide emergency backup power in the event 31 
of outages. During power outages, energy storage can provide power to an end user-user 32 
disconnected from the electrical grid. Because this largely benefits the owner rather a large base 33 
of North Carolina consumers, we do not analyze the benefits of backup power from storage. 34 

  35 



 

 16 

3.1.4  Power Quality Management 1 

Particularly for industrial customers who require highly conditioned power, ESS allows 2 
management of facilities’ interaction with the grid to reduce reliance on and disturbance of the 3 
power quality including voltage fluctuation, voltage drop, and frequency. Again, since this 4 
application largely benefits the owner rather a large base of North Carolina consumers, we do not 5 
analyze the benefits of power quality management. 6 

3.2  Distribution Services 7 

In this section, we provide a list of energy storage applications that provide distribution-level 8 
services. A distribution circuit provides the connection between a high-voltage transmission 9 
system and low-voltage electric customers.   10 

3.2.1  Voltage Support and Control 11 

Energy storage can provide voltage support and control to ensure the reliability of the local 12 
distribution circuit. Storing energy can be used to smooth voltage flicker due to distributed 13 
generation and load variability, thereby maintaining voltage within industry limits across 14 
distribution circuits. In addition, voltage support and control reduces wear and tear on capital 15 
intensive devices, such as load tap changers, voltage regulators, capacitors, and increases their 16 
useful lifeline. 17 

3.2.2  Reliability Enhancement 18 

Similar to backup power for end-use customers, energy storage can be used to support microgrid 19 
islanding during power outages either as the main source of energy or to support operation of 20 
other DERs. Additionally, energy storage can support microgrids with participation in economic 21 
dispatch or price responsive demand programs. 22 

3.2.3  Capacity Deferral and Peak Shaving 23 

Energy storage can reduce the need for circuit upgrades to meet peak demands for small number 24 
of hours each year. Capacity deferral and associated peak shaving involves using storage to 25 
control peak demand at the distribution circuit level in order to defer an expensive bulk capacity 26 
upgrade and also achieve associated monthly peak shaving. Storage can be utilized to defer 27 
substation upgrades, distribution feeder upgrades, reduce peak demand, and help to support 28 
operation of the sub-transmission and transmission systems. 29 

3.3  Transmission Services 30 

In this section, we provide a list of energy storage applications that provide transmission-level 31 
services which reduce investment in new or upgraded transmission lines or reduce the constraints 32 
of transmission on the cost of operation. 33 

3.3.1  Transmission Investment Deferral 34 

Energy storage can reduce or defer the need for transmission build out. Energy storage can 35 
provide additional capacity in locations which might otherwise require additional transmission 36 
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capacity to serve load a few hours per year. This use of storage can also reduce overloading of 1 
transmission lines and transformers, which increases equipment lifetime. 2 

3.3.2  Transmission Congestion Relief 3 

Energy storage located at the transmission level can relieve congestion over certain periods of 4 
the year and allow more economic generators or renewable generators to produce more energy. 5 
Relieving congesting allows for more economic (i.e., less expensive) generators to be used more 6 
frequently, and avoids the curtailment of renewable generators when congestion is high. 7 

3.4  Generation / Resource Adequacy Services 8 

In this section, we provide a list of energy storage applications that provide generation/resource 9 
adequacy services.   10 

3.4.1  Peak Capacity Deferral  11 

Peak generation capacity requirements can be decreased by utilizing energy storage during peak 12 
demand periods. Energy produced at lower demand periods can be stored and injected at higher 13 
demand periods to avoid generation capacity expansion and peaker plant operation. The firm 14 
capacity that energy storage can provide is related closely to the energy to power ratio of the 15 
storage device.  When directly coupled, energy storage can be used to increase the capacity value 16 
of variable generation resources.  17 

3.4.2  Bulk Energy Time Shifting 18 

In addition to peak capacity deferral, energy storage can shift energy production from periods 19 
when electricity is more expensive to periods when it is cheaper. Some time periods may have 20 
lower electricity generation costs due to transmission congestion, high renewable energy 21 
production, or other factors. Energy storage enables higher production during these periods and 22 
dispatches the stored energy to serve load during other, more expensive periods. 23 

3.4.3  Frequency Regulation 24 

Primary and secondary frequency regulation and emergency frequency response can be provided 25 
by energy storage. Energy storage technologies with quick ramp rates can follow a real-time 26 
signal or the area control error (ACE) for primary frequency regulation, or the longer timeframe 27 
scheduling (minutes) of secondary frequency regulation. The ramping ability of some energy 28 
storage technologies also allows emergency frequency response to reduce the initial frequency 29 
drop in contingency scenarios and support a return to the 60 Hz operating point. Energy storage 30 
providing these services avoids wear and tear on thermal generators and the lower efficiencies 31 
associated with ramping output. 32 

3.4.4  Reserves (Spinning/Non-Spinning) 33 

Energy storage can be used as spinning and non-spinning reserves to respond to contingency 34 
events and correct for large imbalances between electricity supply and demand. The rapid start-35 
up time and ramp rate of energy storage makes it eligible for spinning reserves, which can 36 
respond to sudden contingencies and give non-spinning reserves time to come online over longer 37 
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time frames. Energy storage can provide reserves required to hedge uncertainty in load and 1 
variable generator forecasts.  2 

We do not examine the value of storage providing reserves in this study. Modeling the value of 3 
reserves would require more detailed data and models than we have available. In particular, 4 
separating the value of reserve services from the value of bulk energy time shifting and peak 5 
capacity in system operation is difficult without established methods. 6 

3.4.5  Black Start Capacity 7 

In the event of bulk system blackouts, ESSs which can store energy for long periods of time can 8 
be used as black start units. These units or parts of their capacity are set aside as part of a plan to 9 
restart the grid in the case of a system-wide black out. Primarily, pumped-hydro plants are used 10 
for this purpose because of the ease of storing water in reservoirs for long periods of time and 11 
starting the generators with minimal external electricity.  12 

We do not examine in this study because of the small size of resource needed and limited 13 
applicability to most storage technologies apart from pumped hydro. 14 

3.4.6  Flexible Ramping 15 

While not a conventional product in electricity markets, energy storage reduces the need for 16 
thermal generators to ramp as quickly in response to diurnal demand profiles and variable 17 
generation from solar and wind power. Reducing the ramp rate needed for thermal generators 18 
allows the capacity needed to reach peak demand to come on earlier and ramp more slowly to 19 
meet the peak demand. Slower ramping allows for more efficient generation and generators with 20 
longer minimum startup and shutdown times to participate.  21 

We do not consider flexible ramping in this study because it has only been considered as a 22 
electric system product in recent years. Currently, CASIO is the only system operator that has 23 
defined the product and created a market for this grid service (CAISO, 2018). 24 

3.4.7  Synthetic Inertia 25 

While energy storage devices have no physical inertia, control systems can be used to provide 26 
fast responses that mimic inertia responses of generators. Inertia provided by conventional 27 
thermal generators reduce the rate of frequency fluctuations due to the mismatch between 28 
produced and demanded real power. Higher penetrations of renewable energy lead to lower 29 
system inertia and may require additional sources of inertia. This service is often overlooked 30 
because thermal generators, especially coal, have provided these services by default. The need 31 
for synthetic inertia is required when the share of variable renewables is high. For example, 32 
Eirgrid, the transmission system operator in Ireland, has a non-synchronous generation limit of 33 
65% to avoid issues with frequency response and frequency deviation during contingency events 34 
(Eirgrid, 2017). While several storage technologies can fulfill this service, it is less likely to be 35 
required over the timeframe of this analysis. As a result, we do not analyze synthetic inertia. 36 

 37 
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4  Storage Technology Assessment 1 

There is a wide array of energy storage technologies available today, spanning early stage 2 
development to commercially available.  Guided by the definition of energy storage provided in 3 
Section 1 of this report, we have focused our analysis on technologies that store what was once 4 
electrical energy and use it in a way that contributes to end-use management of electricity 5 
demand or grid operation and reliability. This broad definition allowed us to consider an 6 
extensive array of storage technologies. However, we do not claim that our assessment is 7 
comprehensive. Selection of technologies also depended on technological maturity, interest and 8 
investment at the research, development, and demonstration stages, data availability, and 9 
applicability for specific grid and end user services. The specific technologies that we focus on in 10 
this study include pumped hydro storage, flywheels, compressed air energy storage, lead acid 11 
batteries, lithium-ion batteries, sodium sulfur batteries, vanadium redox flow batteries, power-to-12 
gas via hydrogen electrolysis, chilled water, ice storage, water heater energy storage, super 13 
capacitors, and superconducting magnetic energy storage.  14 
 15 
Assumptions regarding cost and performance are summarized in this section and drawn from 16 
several sources. In addition to this report, we have also provided a companion spreadsheet with 17 
cost and performance assumptions embedded in our cost analysis. Because lithium-ion batteries 18 
represent a significant share of the battery storage market and given their rapid price declines, we 19 
have included both current and projected 2030 prices of this technology. For perspective, among 20 
batteries and electromechanical storage systems (excluding pumped hydro), lithium-ion batteries 21 
represented 98.8% market share in the fourth quarter of 2017 and have led the market for the past 22 
13 quarters (GTM, 2017). 23 
 24 
In the summary below, we have grouped storage technologies into the following categories: 25 
electromechanical, electrochemical, chemical, thermal, and electrical. 26 
 27 
4.1  Electromechanical Energy Storage 28 
 29 
Pumped Storage Hydro. Pumped storage hydro (PSH) involves pumping large amounts of water 30 
to a reservoir at a higher elevation than the source, creating potential energy, then releasing it as 31 
needed, using the force of gravity to create kinetic energy that spins a water turbine. A schematic 32 
for a system with a continuous water flow is shown in the figure. PSH is a mature technology 33 
and represents the largest share of installed U.S. storage capacity: approximately 95% of energy 34 
storage capacity is pumped hydro (DOE, 2013) with a capacity of 21.6 GW (NHA, 2018), 35 
representing more than 2% of the total U.S. generation capacity (EIA, 2016). Hydroelectric 36 
resources can be dispatched within minutes, making them capable of performing necessary 37 
utility-scale grid services. Pumped storage projects have long lifetimes, relatively high roundtrip 38 
efficiencies, and use a mature, reliable technology.  Investment costs can be competitive, but are 39 
highly dependent on the availability of adequate reservoirs. A main challenge for the 40 
development of new PSH is suitable and available siting. In the EIA AEO (2018), hydropower 41 
stays relatively flat through 2050 due to unfavorable economics and low growth in electricity 42 
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demand; however, this does not limit the growth of 1 
pumped hydro storage, which according to the DOE 2 
and NHA has the potential to increase in installed 3 
capacity by 16-19 GW (NHA, 2018). 4 
 5 
Data to parameterize pumped hydro were drawn from 6 
two studies. Zakeri and Syri (2015) disaggregate 7 
numerous energy storage technologies, including PSH, 8 
according to the main cost items for each storage 9 
system to compare installed and operational costs. 10 
Average discharge time, variable operations and 11 
maintenance costs (VOM), and roundtrip efficiency 12 
were taken from this source. The other study was 13 
conducted by the Australian National University to 14 
assess the cost and stability of high renewable 15 
penetration in the Australian National Electricity 16 
Market (Stocks, 2017). Technical lifetime, fixed 17 
operations and maintenance costs (FOM), and installed power and energy costs were taken from 18 
this source. 19 
 20 
Flywheels. Flywheel technology involves spinning a 21 
mass at very high speeds, creating rotational energy 22 
from the angular momentum of the object. A radial 23 
view of a flywheel deployed for a storage project in 24 
Alaska is shown to the right (DOE Global Energy 25 
Storage Database, 2018). Flywheels can convert this 26 
kinetic energy into electrical power at 93-95% 27 
efficiency (Amiryar, 2017). Flywheel systems have 28 
long lifetimes and high cycle counts. Small-scale 29 
flywheels are ubiquitous, present in virtually all 30 
vehicles relying on an internal combustion process. 31 
Because grid scale flywheels do not store large amounts 32 
of energy, applications have been limited to short term 33 
services such as frequency regulation and spinning 34 
reserves. The technology is mature but has modest grid-35 
scale deployment to date; 42 MW were deployed across 36 
the U.S. in 2016 (U.S. EIA, 2016).   37 
 38 
Data to parameterize pumped hydro were drawn from Zakeri and Syri (2015) and an 39 
International Renewable Energy Association (IRENA) study assessing the current and future 40 
costs and market trends of various energy storage technologies. Cost information and standard 41 
system discharge duration were taken from Zakeri and Syri, while lifetime and roundtrip 42 
efficiency were from the IRENA study. 43 

Schematic representation of pumped 
hydro. Source: US DOE, 2018. 
https://www.energy.gov/eere/water/p
umped-storage-hydropower  

 

Internal view of a Beacon flywheel energy 
storage system (FESS) deployed in Alaska 
in 2015. Source: U.S. DOE Global Energy 
Storage Database 
http://www.energystorageexchange.org/pr
ojects/1750 accessed August 14, 2018 
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 1 
Compressed Air Energy Storage 2 
(CAES). CAES systems use off-peak 3 
electricity to run a compressor that 4 
pressurizes air, which is stored either in 5 
an underground cavern or above 6 
ground engineered tank (DOE, 2013). 7 
The more pressurized the gas is, the 8 
higher its enthalpy and subsequent 9 
power output. When electricity 10 
production is needed, the compressed 11 
air is heated via natural gas combustion 12 
to further increase its enthalpy and 13 
prevent the turboexpander blades from 14 
freezing during the adiabatic expansion 15 
process. Advanced Adiabatic CAES 16 
systems collect the heat rejected during 17 
the compression cycle and use it to heat 18 
the compressed gas during expansion 19 
(Li, 2013). While adiabatic CAES 20 
eliminates the need for natural gas, it 21 
increases cost and complexity, and remains in the research and development phase. Underground 22 
storage reservoirs are most common and potentially cost-effective, capable of providing several 23 
hundred MW of power for several hours (DeCarolis and Keith, 2006). Underground reservoirs to 24 
store the pressurized air include solution-mined salt caverns, hard rock caverns, depleted gas 25 
reservoirs, aquifers, and abandoned mines (DeCarolis and Keith, 2006). A schematic for an 26 
underground CAES system with salt dome storage is shown(DOE, 2013).  27 
 28 
Similar to pumped storage hydro, this technology is very site-specific.  Engineered tanks to store 29 
the compressed air are prohibitively expensive in most applications, so CAES tends to be limited 30 
to areas with suitable geology, but well-designed plants can be cost-competitive (Succar and 31 
Williams, 2008). Geology suitable for CAES in North Carolina appears to be limited but more 32 
detailed investigation would be required (Succar and Williams, 2008). The turbomachinery 33 
components of a CAES system represent mature technology. According to (EIA, 2016) a 110 34 
MW CAES facility with a 26-hour duration in McIntosh, Alabama has been operational since 35 
1991. Data to parameterize underground CAES systems were drawn from Zakeri and Syri 36 
(2015).  37 
 38 
4.2 Electrochemical Storage 39 
Lead Acid. Lead acid batteries were the first rechargeable battery type. They are low cost, have a 40 
relatively high power-to-weight ratio, and have wide versatility in services provided, including 41 
vehicles (ALABC, 2013), off grid power systems, uninterruptable power supplies, and power 42 
electronics. The low energy density (energy-to-weight ratio and energy-to-volume ratio) due to 43 

Schematic of the most common CAES system Source: 
U.S. DOE Electricity Storage Handbook, 
https://www.energy.gov/oe/downloads/doeepri-2013-
electricity-storage-handbook-collaboration-nreca-july-
2013 2013 accessed August 13, 2018 
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the battery chemistry is one of the main reasons that lithium ion batteries are successfully 1 
replacing lead acid battery use . While grid-connected lead acid battery systems exist, lithium ion 2 
systems dominate the market share (GTM, 2018). Regardless, lead acid batteries are the most 3 
mature battery technology and have continued to see deployments worldwide this decade, 4 
including a lead acid carbon battery in Alaska and advanced lead acid technology projects in 5 
Japan (DOE, 2013). 6 
 7 
Data to parameterize lead acid batteries is drawn from Zakeri and Syri (2015) and IRENA (2017) 8 
studies as well as Schmidt et al. (2017), a study on the projected future costs of electrical energy 9 
storage systems through 2030. Standard discharge time and FOM were taken from Zakeri & Syri 10 
(2015), energy cost in $/kWh from Schmidt et al. (2017), and round-trip efficiency from IRENA 11 
(2017). For all electrochemical storage systems, VOM was assumed to be negligible, with all 12 
operational costs represented by FOM.  13 
 14 
Lithium Ion. Lithium ion (Li-ion) batteries are a class of electrochemical storage systems that 15 
utilize lithium chemistry in various forms. Li-ion has been dominating market deployment of 16 
batteries on the electricity grid in recent years. In 2016, 100% of grid-scale battery projects used 17 
lithium chemistry, and lithium ion batteries contributed to 98.8% of market share in Q4 2017, 18 
which saw 62 MW of new deployments (100 MWh of energy storage) in the U.S. (GTM, 2018). 19 
Though batteries in general are more flexible and can perform a wide variety of services given 20 
their fast response time and modularity, the rapidly falling costs of Li-ion batteries have led to 21 
widespread grid scale adoption and adoption for electric vehicles.  Price decreases have been 22 
driven by advancements in battery design, efficiency gains in manufacturing, and increased 23 
experience deploying and operating modular systems, which has reduced engineering, 24 
procurement, and construction costs (Gupta, 2018). Furthermore, several companies, including 25 
Tesla, Panasonic, and Samsung have achieved economies of scale developing Li-ion batteries for 26 
power electronic applications, EV batteries, and pairing storage with solar photovoltaic systems 27 
(Zelenko, 2018). Li-ion batteries also have a high energy density and fast charge rate relative to 28 
lead acid batteries, the battery chemistry they are most frequently replacing. However, because 29 
the technology has such a high power density, concerns exist regarding overcharging and risk of 30 
fires or explosions in power electronics (Cleave, 2017).  31 
 32 
Lithium battery chemistry differs depending on 33 
the application, and different breakthroughs at 34 
different times resulted in adopting lithium 35 
technology for power electronics earlier than for 36 
grid-scale applications. The most common 37 
lithium battery chemistry used for vehicles and 38 
grid scale applications is lithium nickel 39 
manganese cobalt oxide (NMC), which has 40 
comparatively low energy density but are safer 41 
than other Li-ion chemistries and have higher 42 
cycle lives. Because of adoption by LG Chem, 43 

Lithium Ion Battery cross section with metal oxide cathode 
and graphite anode Source: ESA 2018 
http://energystorage.org/energy-
storage/technologies/lithium-ion-li-ion-batteries accessed 
October 24, 2018 
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Samsung, Panasonic, and Kokam, NMC cathodes have steadily decreased in price. 1 
(ResearchInterfaces, 2018)  The image shows a typical lithium metal oxide (LiMO) battery with 2 
a graphite anode, the chemistry most likely to be seen in grid scale projects.  3 
 4 
Since Li-ion batteries are modular and can be used for many applications, data to parameterize 5 
Li-ion batteries were more widely available, allowing us to draw from a variety of sources. 6 
Technological and economical advancements occur so rapidly that sources from even a couple 7 
years ago are now considered outdated. In March of 2018, Greentech Media (GTM) released 8 
their Q1 2018 and 2017 year in review energy storage market study, which served as our cost 9 
benchmark in this study. We consider utility scale batteries with durations of 0.5, 2, and 4 hours 10 
as well as 2 hour duration batteries for commercial and residential applications. Energy system 11 
costs for these durations were taken from this report.  Installed costs were validated using the 12 
U.S. Energy Information Administration’s Battery Market Trends (EIA, 2018) and data from 13 
McKinsey & Company (Frankel, 2018). The Lazard report and an academic study provided cost 14 
information for commercial-scale Li-ion batteries (Newbery, 2018). To estimate future cost, we 15 
considered NYSERDA (2018) and Schmidt et al. (2017), which project Li-ion costs to 2030, as 16 
well as the McKinsey report which projects out to 2025. Taking this data, we estimated the cost 17 
of Li-ion in 2030 as being 39.1% of the cost today, which resulted in installed costs of $200/kWh 18 
in 2030 for a 4-hour duration battery.  19 
 20 
For most energy storage applications, Li-ion battery lifetimes were taken from the 2016 21 
Massachusetts State of Charge study (MA DOER, 2016).  For frequency regulation, a battery 22 
lifetime was determined through modeling work in Section 6.6. Roundtrip efficiency was taken 23 
from the Lazard’s Levelized Cost of Storage Analysis (Lazard, 2017).  24 
 25 
Sodium Sulfur. Sodium sulfur (NaS) batteries involve molten sodium and elemental sulfur, both 26 
cheap and abundant resources, which undergo a reaction to form sodium polysulfide. The 27 
reaction occurs at over 300°C (ESA, 2018), which leads to higher operational costs for this 28 
technology (Lazard, 2017) and challenges with variable operation (ESA, 2018). NaS batteries 29 
have high energy capacity, energy density, lifetime, and duration; thus, they have been used for 30 
mid-sized systems that require several hours of capacity, such as variable generation bulk energy 31 
time shifting (Hill, 2013; DOE, 2013). NaS batteries are not capable of being a replacement to 32 
Li-ion for EVs due to safety concerns with liquid sodium metal and high operating temperatures, 33 
nor can they be used for quick-response grid reliability services such as frequency regulation or 34 
spinning reserves. No large scale NaS battery deployments have occurred in the U.S. since 2014 35 
(GTM, 2018). Prior to that time, however, 9 MW were deployed in the U.S. primarily for peak 36 
shaving, and large-scale deployments are in operation in Japan (ESA, 2014; NGK, 2018). Data to 37 
parameterize sodium sulfur batteries are drawn from Zakeri and Syri (2015) and IRENA (2017). 38 
Battery lifetime is from IRENA while cost information is from Zakeri and Syri (2015).   39 
 40 
Flow Batteries. Flow batteries contain two electrolytic solutions in separate tanks, and electricity 41 
comes solely from current generation due to electron flow when connected to a load. Vanadium 42 
redox flow batteries (VRB) and zinc bromide (ZBr) are the most common flow battery 43 
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chemistries; VRBs in particular were considered in this study. Vanadium can exist in four 1 
different oxidation states, allowing more electrochemical reduction and oxidation to occur in a 2 
smaller space (Weber, 2011). This gives the batteries a higher power and energy density than 3 
other flow chemistries of comparable cost. Flow batteries can be scaled up for power or for 4 
energy and have room temperature operation (Weber, 2011). These favorable characteristics 5 
make flow batteries a potentially attractive alternative; however, the current installed costs have 6 
inhibited widespread adoption (EIA, 2016). Only a few large-scale projects have been completed 7 
since 2013 (GTM, 2018). Data to parameterize flow batteries were drawn from Zakeri and Syri 8 
(2015), though other references were used for validation, including (Schmidt, 2017). 9 
 10 
4.3 Thermal Energy Storage 11 
 12 
Water Heaters. By heating the water in a residential or commercial electric water tank to store 13 
thermal energy, water heaters can be controlled in real-time to shave peak demand through load 14 
shifting. Most water heaters have the necessary insulation and holding capacity to avoid heating 15 
water during periods of peak demand on the power system, while maintaining a suitable water 16 
temperature. Electric water heaters are widely present in the U.S., with over 54.6 million electric 17 
water heaters installed (EIA, 2017).  18 
 19 
Besides peak demand deferral, water heaters can also help integrate renewables onto the grid by 20 
alleviating curtailment. 55 million electric water heaters have been installed in the U.S with an 21 
average peak electric consumption of 5 kW, suggesting great potential for load shifting (Lazar, 22 
2016). A major setback to the grid-integrated water heating (GIWH) prospect is although the 23 
Rocky Mountain Institute estimates the market to be $3.6 billion, this is split up amongst several 24 
parties, including “utilities, GIWH manufacturers, installers, solar companies, aggregators, and 25 
customers themselves” (McCall, 2016). Furthermore, the GIWH manufacturers have no current 26 
incentives to install water heaters that can respond to grid needs, as the potential savings can go 27 
to the utility, the customer as bill savings, or an aggregator (Tribash, 2017). 28 
 29 
Data to parameterize water heaters were drawn from a Brattle group study on the benefits on fast 30 
response water heaters (Hledik, 2016) and by utilizing the DOE Energy Cost Calculator for 31 
water heaters (DOE, 2018). According to the Brattle group study, the vast majority of end-user 32 
service benefits for water heaters are achieved with systems capable of performing fast response, 33 
so the pertinent cost data for these systems was used (Hledik, 2016). “Round trip efficiency” was 34 
taken from Alliant Gas’s comparison of propane to electric water heating and FOM and lifetime 35 
were taken or calculated from the DOE Energy Cost Calculator.  36 
 37 
 38 
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Ice Storage. Ice storage technology involves 1 
freezing water during off-peak hours and 2 
supplying cool air to reduce air conditioning 3 
load. Water has a high heat of fusion and 4 
specific heat, so it can provide this cooled air 5 
without taking up a lot of space. Since water 6 
is very cheap, the cost of these systems is 7 
competitive with other storage solutions 8 
(Calmac, 2001). 87 projects exist around the 9 
state, totaling 99 MWh of storage (Ingersoll-10 
Rand, 2018). A common setup, the dynamic 11 
ice storage system, is shown (ORNL, 1988)  12 
 13 
Roundtrip efficiency was taken from 14 
Anderson (2015) and cost data were from 15 
the Calmac Manufacturing Corporation (Calmac, 2001)  16 
 17 
Chilled Water Storage. Chilled water energy storage systems provide a similar service to ice 18 
storage. The structure of the system is a steel or concrete tank with water stored at 40 to 42 °F 19 
kept cold with traditional chillers. Water chilled during off-peak hours can provide cool air 20 
during peak times. While the systems are simpler, they are less effective than ice storage because 21 
they rely on the sensible heat of water rather than latent heat. Thus, the system footprint is much 22 
larger and usually cannot be included in the building itself. Chilled water systems exist all 23 
around the U.S, including Raleigh, NC, primarily for reducing air conditioning energy costs 24 
(DOE, 2018). 25 
 26 
4.4  Chemical Storage  27 
 28 
Hydrogen. Hydrogen (H2) electrolysis involves splitting water molecules into H2 and O2 gas. 29 
The H2 can be stored and later burned to produce steam (H2O), which generates electricity by 30 
running a turbine. An electrical current and a metal catalyst are required to perform electrolysis, 31 
with the platinum or palladium metal catalyst typically being the costliest component of the 32 
process (Schmidt et al, 2017a). However, H2 has a very large specific energy – over triple that of 33 
gasoline – and when compressed to over 5,000 psi, as is necessary to create hydrogen batteries 34 
and fuel cells for vehicles, can provide an energy output similar or greater than a traditional 35 
internal combustion engine at twice the efficiency (Huang, 2015; GreenEcon, 2008). Safety is 36 
one of the primary concerns of using H2, alongside a lack of infrastructure for vehicles in areas 37 
other than California and storage projects typically reporting a very high LCOS (~$10/kWh) 38 
(Satyapal, 2014). 39 
 40 
Data to parameterize H2 electrolysis were taken from several different sources. System capital 41 
and operating costs were taken from Bertuccioli (2014), ENEA (2016), and Felix (2016); 42 

Schematic for dynamic energy storage system Source: 
Lawrence Berkeley National Lab, 
https://www.osti.gov/servlets/purl/6541101 accessed 
October 25, 2018 
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efficiency information was taken from ENEA (2016) and Ursua (2012); and power consumption 1 
information was taken from ENEA (2016) and NIST (2018). 2 
 3 
Power to Gas. In this report, we consider H2 production as part of the power-to-gas (PtG) 4 
process. PtG is any technology or process that converts electrical power into gaseous fuel, 5 
whether that is hydrogen or, more commonly, methane. In methanation, electrolyzed hydrogen is 6 
combined with carbon dioxide – sequestered or otherwise – in the Sabatier reaction to create 7 
methane (CH4). Pressurized methane can be used as natural gas for heating, electricity, or 8 
directly injected into natural gas pipeline infrastructure. PtG plants are beginning to become cost-9 
competitive in Germany for their carbon neutrality and ease of use where NG infrastructure 10 
exists (Götz, 2017). Once the water has been electrolyzed, the H2 is pressurized and can either be 11 
fed directly into the existing natural pipeline infrastructure up to 10% by volume, or it can be 12 
used in a process to produce synthetic natural gas. In either case, the H2 or synthetic methane can 13 
be used to power gas turbines. While additional production routes exist, such as H2 storage and 14 
distribution for fuel cell vehicles or methanol production for internal combustion engine 15 
vehicles, such pathways were deemed outside the scope of this study. A few PtG plants exist in 16 
the U.S. and pilot plants exist in California (NREL, 2017).  17 
 18 
Data to parameterize PtG comes from all the above-referenced documents for H2 electrolysis, 19 
with additional information taken from Götz (2017), Bernd (2017), and ENEA (2016) for system 20 
capital and operating costs, the cost of CO2, and system efficiency, respectively. 21 
 22 
4.5  Electrical Storage  23 
 24 
Super Capacitors. Super capacitors store electrical energy at electrode-electrolyte interfaces. 25 
Devices consist of two metal plates coated with porous activated carbon to maximize energy 26 
density, though relative to other energy storage technologies it is still pretty low (IEA, 2009). 27 
The technology has a long theoretical lifespan and an impressively slow degradation rate. They 28 
cannot be used as a continuous energy source, but can provide a short burst of energy in a matter 29 
of milliseconds as a means of jump-starting other technologies with larger energy capacities 30 
(IEA, 2009). For this reason, demo-scale projects and research focus on use in microgrids as a 31 
way to start backup generators or electronically lock doors (Chmiola, 2009). Another use is 32 
regenerative braking for public transportation (IEA, 2009). Currently the technology is very 33 
expensive; the best material used for the electrodes is graphene, another carbon-based material 34 
that is light, thin, 200x stronger than steel, and, for the moment, very costly. However, graphene-35 
based super capacitors show promise, with comparable energy density in Wh/kg to batteries but 36 
also sporting a much faster discharge rate (Liu, 2010).   37 
 38 
Data to parameterize super capacitors is drawn from Zakeri and Syri (2015), IEA (2009), and 39 
Chmiola (2010). System cost information was taken from Zakeri and Syri (2015), roundtrip 40 
efficiency and lifetime from IEA (2009), and typical discharge duration from Liu (2010). 41 
 42 
 43 
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Superconducting Magnetic Energy Storage (SMES). SMES systems store energy in a magnetic 1 
field created by a current in a superconducting coil cryogenically cooled to a temperature below 2 
its superconducting critical temperature 3 
(Biswas, 2009). The storage of electricity 4 
itself incurs near-zero losses over time. 5 
Inverting from DC-AC and back again is 6 
virtually the only form of energy loss, leading 7 
to round trip efficiencies comparable to 8 
flywheels, typically higher than 95% (Biswas, 9 
2009). SMES has the highest roundtrip 10 
efficiency of any storage technology. The power is 11 
available almost instantly when needed and since the 12 
systems can be extremely power dense in W/kg, 13 
output power for pilot projects can be available 14 
within milliseconds of being called on to discharge 15 
(Chmiola, 2009). The high cost of refrigeration and 16 
the high cost of the superconducting material limit 17 
the technology to short term uses. Also, while power density can be 10-100x higher than current 18 
battery technology (depending on the chemistry), energy density is much lower. A typical SMES 19 
system is shown.  20 
 21 
Data to parameterize SMES were taken from Zakeri & Syri (2015), IEA (2009), and Connolly 22 
(2009). 23 
 24 
Key cost and performance characteristics associated with each storage technology described 25 
above is given in Table 4.1. 26 
 27 
 28 
  29 

Schematic of a superconducting 
magnetic energy storage system 
Source: Energy Storage Sense 
http://energystoragesense.com/superco
nducting-magnetic-energy-storage-
smes/ accessed October 25, 2018 
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Table 4.1. Cost analysis summary of energy storage technologies 1 

Technology 

System 
Cost 
$/kWh 

Duration 
(hr) 

Lifetime 
(yr) 

FOMa 
($/kW-yr) 

VOMb 

($/kW-yr) 
R.T.Ec 
(%) 

 
Source(s) 

Hydro 203 6 50 10 0.000294 75 
Zakeri & Syri (2015), 
Stocks (2017) 

Flywheel 4540 0.5 21 7 0.00268 85 
IRENA (2016), Zakeri 
& Syri (2015) 

CAES 145 8 30 5.226 0.00415 95 Zakeri & Syri (2015) 

Lithium  
0.5 hr 1650 0.5 Varies 10 0 85 

Lazard (2017), GTM 
(2018) 

Lithium  
2 hr 725 2 Varies 10 0 85 

Lazard (2017), GTM 
(2018), Newbery 
(2018) 

Lithium  
4 hr 525 4 Varies 10 0 85 

Lazard (2017), GTM 
(2018), Newbery 
(2018) 

Lithium 
Residential 1371 2 Varies 10 0 85 

Lazard (2017), GTM 
(2018), MA DOER 
(2016) 

Lithium 
Commercial 830 2 Varies 10 0 85 

Lazard (2017), 
Newbery (2018) 

NaS 474 6.6 Varies 4.82 0 85 Zakeri & Syri (2015 

Lead Acid 150 4 Varies 4.56 0 82 

Zakeri & Syri (2015), 
Schmidt et al. (2017), 
IRENA (2016) 

Flow 790 4 Varies 11.39 0 75 Zakeri & Syri (2015) 

Ice 117 10 20 1167 0 69 
Calmac (2001), 
Anderson (2015) 

Chilled 
Water 292 3 25 180 0 71 

Fang (2004), Yan 
(2017), CEL (1995) 

Water 
Heaters 100 4 12 15.81 0.09 92 

DOE (2018a), The 
Hidden Battery (2017), 
Alliant Gas (2018) 

SMES 37400 0.01 15 0 0 90 

IEA (2009), Connolly 
(2009), Zakeri & Syri 
(2015) 

Super- 
capacitor 

110600
0 0.000277 15 0 0 90 

IEA (2009), Chmiola 
(2009), Zakeri & Syri 
(2015) 

H2 231.5 8 20 140.43 55.6 70 

Bertuccioli (2014), 
ENEA (2016), Zakeri & 
Syri (2015) 

PtG 1608 5 20 141.9 40.5 79.4 

Gotz (2017), Jentsch 
(2014), Bernd & 
DeCarolis (2017), 
ENEA (2016) 

a Fixed Operations and Maintenance 2 
b Variable Operations and Maintenance 3 
c Roundtrip Efficiency 4 
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5  Overview of Our Approach 1 

Electricity grid planning and operation is highly complex, and there is no way to address all 2 
relevant issues – from capacity expansion planning to frequency regulation – simultaneously in 3 
the same modeling exercise. As a result, we have devised a series of model-based analyses to 4 
evaluate the value of specific storage technologies fulfilling particular services. These service-5 
specific analyses are presented in Section 6. Our overall approach to the study is outlined in 6 
Figure 5.1.  7 
 8 

 9 
Figure 5.1. Work flow diagram explaining our approach to the analysis. Cross-cutting activities, 10 
denoted by shaded boxes, feed a series of service-specific analyses, which yield a set of benefit-11 
cost estimates associated with a specific storage technology used to meet a given service. The 12 
economic analysis is used to identify cost-effective deployments, break-even costs, and barriers 13 
to the deployment of storage that provide value to NC consumers. 14 
 15 
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In Figure 5.1, shaded boxes indicate cross-cutting activities relevant across all energy storage 1 
applications. Starting at top left, we utilize our working definition of storage (Section 1) to 2 
identify a set of storage technologies for evaluation. A brief assessment of each storage 3 
technology is provided in Section 4, and a cost spreadsheet containing key input assumptions has 4 
been made publicly accessible on the project website1. The result is a set of harmonized cost and 5 
performance assumptions for each technology evaluated in the study.  6 
 7 
In parallel, we identified and prioritized the relevant set of services and applications that could be 8 
fulfilled by storage (Section 3). We then examined the intersection between services and storage 9 
technologies, and identify high priority needs for analysis. Table 5.1 presents the intersection 10 
between all storage technologies and services, noting where there is a match, mismatch, and 11 
where matches occur, whether formal analysis has been applied. We apply two criteria when 12 
evaluating whether a particular storage technology can meet a particular service: (1) the storage 13 
duration associated with a particular technology can be sufficient to meet service’s needs, (2) the 14 
scale of the storage system is appropriate for the application in question, and (3) the storage 15 
technology can ramp quickly enough to meet service needs. We recognize that some of these 16 
determinations may not be clear-cut and that the storage landscape is dynamic, with new 17 
opportunities emerging over time. 18 
 19 
We perform a cost assessment for each technology in Table 5.1, but the assessment of benefits 20 
requires specialized analysis for each service category.  In order to make the scope of the 21 
analysis more tractable, we explicitly analyze selected technologies that show likely promise 22 
through 2030. Thus, under each service category in Table 5.1, we perform benefit-cost analysis 23 
with select storage technologies (those identified with a ‘*’) under different scenarios. Multiple 24 
scenarios allow us to evaluate the value of storage under different assumptions. For example, the 25 
end-user service category consists of several scenarios addressing residential, commercial, and 26 
industrial applications of storage.  27 
 28 
Because different storage technologies have different lifetimes, we annualize the costs and 29 
benefits to enable consistent economic comparisons across technologies and services. Thus, each 30 
service-specific analysis produces a series of net benefit estimates in $/kW×yr. If the benefit-cost 31 
estimate is negative, indicating that costs exceed benefits, we calculate the break-even capital 32 
cost for the energy storage technology required to make the application cost-effective. A 33 
negative net benefit indicates that cost is a barrier to deployment. If a particular scenario returns 34 
a positive net benefit, we investigate whether deployment is happening or is planned. A lack of 35 
existing or planning storage deployment in this case suggests barriers to the adoption of storage 36 
to fulfill a service. 37 
 38 
Because the relative magnitude of each service varies considerably, we also estimate the 39 
potential scale of each service across the state by developing the following categories: small 40 
(<100 MW), medium (100-1000 MW), large (> 1000 MW). The combination of net benefit and 41 
potential scale allow us to prioritize the storage technologies and services that show the greatest 42 
near-term promise for adoption.  43 
 44 

                                                
1 Project website: https://energy.ncsu.edu/storage 
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Apart, from the techno-economic analysis, we have developed a detailed review of existing NC 1 
storage-related policies. In addition, we have reviewed policies considered in other states, which 2 
provides a menu of options to help address barriers to energy storage deployment in North 3 
Carolina. Thus our approach allows to identify barriers through both bottom-up techno-economic 4 
analysis and top-down policy review. 5 
 6 
Table 5.1. Suitability of energy storage technologies in meeting specific applications. White 7 
boxes indicate a match between technology and service; asterisks indicate combinations for 8 
which the full benefit-cost analysis was performed. 9 
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End-User Services              
Time-of-Use/Energy Management *        * *    
Demand Charge Management *        * *    
Backup Power b              
Power Quality Management               
Distribution Services              
Voltage Support and Control *             
Microgrid/Islanding *             
Circuit Upgrade or Capacity Deferral *             
Transmission Services c              
Transmission Investment Deferral              
Transmission Congestion Relief              
Black Start Capacity              
Generation Services              
Bulk energy time shifting *     * *      * 
Peak Capacity Deferral *            * 
Reserves (Spinning/Non-Spinning)              
Frequency Regulation *    *         
Flexible Ramping              
Synthetic Inertia              
Solar clipping *             
a While power-to-gas can encompass many options, here we limit our analysis to the production of hydrogen 10 

and synthetic natural gas through electrolysis of water. Longer term consideration beyond 2030 could both 11 
stationary fuel cells and fuel cell vehicles that could serve a larger array of services. 12 

b All services listed in italics were not explicitly analyzed for reasons discussed in Section 3. 13 
c Transmission services were evaluated, but we did not analyze the cost-effectiveness of specific storage 14 

technologies because we lacked the data to do so. 15 
 16 
  17 
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6.1  Behind-the-Meter Storage 1 
In this report, end-user services refers to behind-the-meter applications of storage that are 2 
implemented by end user consumers in the residential, commercial, and industrial sectors. While 3 
different end-users are responding to different incentives and tariff structures, their common 4 
objective is to reduce their demand for grid electricity in order to save money. In this section, we 5 
outline a number of scenarios in each customer sector to demonstrate applications where end 6 
users may benefit from energy storage installation.   7 
 8 
The key driver for utilities to support customer investments in behind the meter energy storage is 9 
reducing peak electric demand.  Figure 6.1 below shows the 2018 winter and summer peak days 10 
for Duke Energy Carolinas, which represents nearly half of the demand for electricity in NC.  11 
These peaks are produced by customer heating and cooling loads, and the demand periods vary 12 
due to daily and seasonal variations in temperature.  Peak hours typically occur in the late 13 
afternoon during summer months, in the early morning in winter, and during either period in 14 
shoulder months.  By promoting demand reductions during winter and summer peak hours, 15 
utilities can avoid investments in new peak generation in the form of simple cycle gas turbines. 16 
 17 

 18 
Figure 6.1.1. Demand curves for summer and winter peak days in Duke Energy Carolinas. Data 19 
drawn from the U.S. Energy Information Administration, http://www.eia.gov/realtime_grid. 20 
 21 
Given the smaller required storage capacities for these applications, we limit the consideration of 22 
storage technologies for behind the meter applications to batteries, thermal storage, and 23 
flywheels. As shown in Table 6.1.1, there are a number of other proven technologies that end-24 
users have traditionally relied on for demand reduction.  Energy storage systems can be 25 
controlled to closely align their output with periods of peak demands, so they can be more 26 
effective than other technologies at reducing peak demands. 27 
 28 
 29 
 30 
Table 6.1.1. Energy storage compared to other end-user demand reduction technology choices 31 
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Characteristic Energy 
Storage 

Energy 
Efficiency 

Operation & 
Controls 

Peak 
Shaving 
Generator 

Renewable 
Generation 

Typical Applications 
Battery, 
Flywheel, 
Thermal 

VFDs, 
Compressors, 
Chillers 

Energy 
management, 
load 
shedding, IoT 

Diesel or 
Natural Gas 
Generator 

Solar PV, 
thermal, biogas  

Annual Capacity 
Factor  2% - 30% 60-100% 100% 2-3% 16-20% 

Effectiveness at Time 
of Peak Demand Excellent Good Very Good Excellent Good 

Size Range 3 kW –  
2 MW varies varies 100 kW –  

20 MW varies 

Footprint Required  160 sf existing existing 320 sf+ 100 sf for 1 
kW 

Capital Cost, $/kWa $ 1,200 –  
$ 2,100 

varies 
(e.g., chiller, 
$300/T)  

varies $ 600-700 $ 2,500 solar 
$ 6,000 biogas 

Incremental O&M 
Cost, $/kW/year 

5-10 yr 
replacement $ 0 varies depends on 

contract n/a 

a Costs shown for energy storage and other demand reducing technologies are approximate and will vary 1 
by technology and size.  Generator pricing is taken from manufacturer data.  Renewable generation costs 2 
are current market averages for systems of <500 kW capacity in NC.  3 
 4 
To estimate the potential benefits of energy storage in NC, we analyzed scenarios using 5 
spreadsheet models to calculate the benefits of specific storage applications and, using the costs 6 
and revenue requirements developed in Section 4, determine net benefits.  For behind the meter 7 
storage applications using batteries with and without solar PV, the System Adviser Module 8 
(SAM) is used to calculate solar PV energy and load reductions (NREL, 2018).  SAM uses 9 
hourly weather data to calculate solar PV performance for a specific location, and has typical 10 
load profiles for large industrial, medium commercial and residential sites that were used in the 11 
scenarios studied. NREL makes SAM available for free download. 12 
 13 
6.1.1 Opportunities in Existing Retail Electric Rates for Energy Storage Systems 14 
In North Carolina, existing retail electric rates and their design provide opportunities for end 15 
users to install storage and realize benefits by reducing electricity usage during peak demand 16 
periods.  Electric utilities in NC are authorized to recover costs for energy, capacity, and 17 
renewable and environmental attributes of self-owned or third-party generation.   Energy storage 18 
systems primarily affect the capacity, or electric demand, portion of these rates through their 19 
capability to shift customer demand.   20 
 21 
The North Carolina Utilities Commission has regulatory oversight over retail rates for investor-22 
owned utilities, but not for electric membership cooperatives (coops) or municipally-owned 23 
electric systems (munis).   The Commission and IOUs are also responsible for examining ways 24 
to control electricity demands during peak periods through rates that promote off-peak use, and 25 
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educating the public on their options.2 Most utilities offer flat rate pricing, where monthly 1 
demand and consumption are charged on a per-kWh consumption rate that blends the costs for 2 
the separate components.  In general, rates that more closely reflect the actual cost of energy and 3 
capacity provide a clearer economic signal to customers to reduce consumption, and importantly 4 
for storage, reduce peak demand.  Presently there are several types of retail electric rates in NC 5 
that are setup to promote the reduction of customer demand at peak times. 6 
 7 
Time-of-use (TOU) rates   8 
These rates typically define daily on-peak and off-peak demand periods during summer, winter, 9 
and shoulder seasons.  Energy charges are higher for on-peak and lower for off-peak kWh usage 10 
in order to incentivize customers to shift usage to off-peak times.  A customer’s highest monthly 11 
on-peak demand in kW; for example, the hourly average using 15-minute interval data over each 12 
hour, determines the demand charge each month.  As shown in Table 6.1.2, utilities with TOU 13 
rates in NC include all IOUs, some munis, and one of the coops.  The IOUs and some munis 14 
offer TOU rates to all customer classes: industrial, commercial and residential.  An energy 15 
storage device for a customer on a TOU rate would need to reduce electric demand on a daily 16 
basis during the defined on-peak periods to have a significant financial benefit. On-peak hours 17 
for TOU rates amount to approximately half of all hours per year, during which energy storage 18 
systems must be controlled to limit demand to a preset target level in order to control costs. 19 
 20 
Table 6.1.2. Utilities in North Carolina with time-of-use ratesa from OpenEI, 21 
https://openei.org/wiki/Utility_Rate_Database. 22 
 Time of Use Demand 

Management 
CP RTP 

 Indust- 
rial 

Commer
- cial 

Residen
-tial 

Indust- 
rial 

Commer
-cial 

Indust- 
rial 

Commer
-cial 

Indust- 
rial 

IOUs  
(4 total) 4 4 4 4 4 -  4 

Munis 
(73 total) 14 11 7 5 11 20 14 - 

Coops 
(26 total) b 1 1 - - - 1 1 - 

Total         
a Numbers represent individual utilities, and some utilities may have multiple rates under each 23 
classification.  24 
b Data in OpenEI is not complete for NC Cooperative utilities.  25 
 26 
 27 
Coincident peak (CP) rates 28 
CP rates have two demand charges: one for the customer’s maximum monthly 15-minute 29 
demand (kW) and another for the customer’s average demand during the monthly coincident 30 
peak hour, defined as the hour in which the supplying utility’s system peak demand occurs for 31 
the month.  Table 6.1.3 shows a sampling of CP rates for municipal utilities in NC.  Depending 32 
on the muni, CP rates apply to industrial and commercial customers only.  Presently, none of the 33 

                                                
2 North Carolina General Statutes § 62-155. Electric power rates to promote conservation. 
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IOUs have established CP rates for retail customers, though wholesale power contracts that the 1 
IOUs have with munis and some coops are based on CP pricing. 2 
 3 
Table 6.3. Sampling of coincident peak rates for utilities in North Carolina 4 
 Customer Peak 

Demand 
Requirement 
(kW) 

Coincident 
Peak Demand 
Charge 
($/kW/month) 

Customer Peak 
Demand 
Charge 
($/kW/month) 

Energy Charge 
($/kWh) 

City of Wilson 
(Schedule FR-MGS-2) 

>35 &  
<500 

$23.39 $5.00 a $0.0650 

City of Wilson 
(Schedule FR-1-1) 

>500 & <10,000 $20.50 $4.10 a $0.0570 

Fayetteville PWC (Pilot 
CP Rate) b 

>1000 $20.11 $2.00 $0.04098 

Greenville Utilities 
(Schedule MGS-CP) 

>35 &  
<750 

$17.00 $15.61 $0.03027 

Greenville Utilities 
(Schedule LGS-CP) 

>750 $22.20 $13.13 $0.02524 

a Charged for excess demand, which is the difference between the customer’s monthly peak demand and 5 
coincident peak demand. 6 
b Fayetteville PWC CP rate is a pilot for May 2018-April 2019.  A rate for large customers is proposed 7 
starting in May 2019. 8 
 9 
The CP hour for each month is regularly forecasted by utilities to help them plan for dispatch of 10 
generation resources and load curtailment.  There are also companies that provide a CP 11 
prediction service, alerting clients several times per month when a coincidental peak might occur 12 
so they can reduce demand.  An energy storage system need only produce output for 2-4 hours 13 
on possible CP days each month to yield a financial benefit.  In general, there are from 100-200 14 
hours during a year for which an ESS would be called to discharge. 15 
 16 
Real time pricing (RTP) 17 
The energy rates under a RTP tariff vary hourly and are determined based on a utility’s marginal 18 
energy cost and capacity charges.  This rate is only available from IOUs in NC to a limited 19 
number of customers with contract demand above 1000 kW.  Typically, customers will have a 20 
minimum baseline that is charged at general large service rates, with consumption above the 21 
baseline charged at RTP rates.  The customer is sent the rates a day ahead by the utility, allowing 22 
them to plan to reduce demand accordingly.  Energy storage systems can yield significant 23 
potential benefits under an RTP tariff.  24 
 25 
There are a limited number of large customers with the expertise and capability to respond to 26 
RTP price signals, and utilities place limits on the number of customers on RTP rates.  Duke 27 
Energy Carolinas allows a maximum of 150 customers to be on the hourly pricing (HP) rate and 28 
Duke Energy Progress allows a maximum of 85 customers under their LGS-RTP rate (where 29 
LGS stands for Large General Service).  Due to the unique and limited nature of larger sites that 30 
are on RTP, and the complexity and variability of RTP pricing, energy storage systems on RTP 31 
rates are not evaluated in this study. 32 
 33 
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6.1.2 Energy Storage Opportunities in Demand-side Management  1 

Demand-side management (DSM) programs also offer opportunities for investments in energy 2 
storage systems by electric customers.  Utilities in North Carolina currently offer a range of 3 
DSM programs that fall into two primary categories: curtailment of loads and use of onsite 4 
generation to reduce demand.  For residential and small customers, load curtailment using 5 
automated signaling and control, for example, to turn off water heaters and air conditioning units 6 
during peak periods, is an effective means of DSM.  For large customers, especially industrial 7 
and institutional facilities, onsite control of demand through automatic or manual means is 8 
common.  Utility control of standby generators on large customer sites for demand reduction 9 
during peak periods is also commonly practiced.  10 

Two DSM programs currently offered by Duke Energy are: 11 
• Demand Response Automation Curtailable Load: $3.25/kW/month × contracted 12 

curtailable demand + $6.00/kW/month × sum of demand reduction events 13 
• Standby Generator Control (Duke Energy Carolinas Tariff SG): $10/month + $2.75/kW 14 

 15 
Municipal utilities in North Carolina that have wholesale power contracts based on coincident 16 
peak pricing and employ CP rates use standby generators for peak shedding extensively. For 17 
example, in 2017, Electricities reported an estimated savings of $60.8 million from CP 18 
reductions due to DSM / load management (Electricities, 2018). 19 
 20 
Due to the limited number of hours (typically < 200) that a DSM measure needs to be employed 21 
during a year, energy storage systems, including batteries and flywheels, are ideal for DSM 22 
applications.  Existing DSM programs in NC currently do not mention energy storage as a 23 
specific means to curtail load, such as in the case of Duke Energy’s Demand Response 24 
Automation (DRA-7) rider, which states “eligible electrical equipment shall be identified by 25 
Company during a Site Survey.” 26 
 27 
6.1.3 Cost-Benefit Analysis of ESS Applications for Large Energy Users 28 

Large energy users include industrial, institutional, and commercial customers that have average 29 
or contracted baseload power demands greater than 1000 kW.  These customers will usually be 30 
able to select from available rates that include flat rates, TOU, or CP pricing.  31 
 32 
Large energy users with large amounts of air-conditioned space will have load shapes with 33 
higher peak demands during summer periods of high utility demand.  Often, large industrial 34 
sites, especially those without extensive air-conditioned facilities, have relatively consistent 35 
hourly loads and high load factors.  Energy storage systems are most cost-effective for sites with 36 
TOU or CP pricing and larger fluctuations in demand.  37 
 38 
Consider an example large customer site modeled using a typical site in SAM with an average 39 
monthly peak load of 1,603 kW, a winter peak of 1,559 kW, a summer peak of 1,688 kW and an 40 
annual load factor of 0.54.   Load factor is a measure of the ratio of the annual average load to 41 
average monthly peak demand for a customer site, calculated by dividing annual kWh consumed 42 



 

 42 

by the average peak demand load times the total number of hours in a year.  Using the System 1 
Adviser Module, we model five scenarios of demand reduction applications as follows: 2 

1. 500 kWAC solar PV roof mounted  3 
2. 500 kWAC solar PV roof mounted + 500 kWAC 2-hour Li-ion Battery  4 
3. 500 kWAC solar PV roof mounted + 500 kWAC 4-hour Li-ion Battery 5 
4. 500 kWAC 2-hour Li-ion Battery 6 
5. 500 kWAC 4-hour Li-ion Battery 7 

 8 
As seen in Figure 6.1.2, the 500 kW solar PV system provides up to 92 kW of monthly peak 9 
demand reduction, while the 500 kW ESS provides nearly 500 kW of peak demand reduction. 10 
 11 

  12 
 13 
Figure 6.1.2.  Large site demand reduction scenarios (from System Adviser Module). 14 
 15 
To determine potential benefits, each of these five scenarios were modeled using two 16 
representative rates for large energy users in NC: under a CP rate (City of Wilson schedule FR-1-17 
1) and a TOU rate (Duke Energy Carolinas LGS-TOU-50).  For a coincident peak rate, the City 18 
of Wilson FR-1-1 rate, which has one of the highest CP demand charges for municipal utilities in 19 
NC, is used to show a large potential benefit.  The Duke Energy LGS-TOU rate, which has 20 
differentiation between on- and off-peak rates, is also examined, as TOU rates are more likely to 21 
incentivize behind the meter storage.   22 
 23 
The results from modeling energy storage on a large site with CP rate are shown in Table 6.1.4 24 
below. Lithium-ion batteries are used for this analysis, due to their longer lifetime of up to 10 25 
years, with costs drawn from the accompanying spreadsheet. 26 
 27 
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Note that storage-only scenarios are presented below. Storage + battery scenarios will be 1 
included in the final version. 2 
 3 
 4 
Table 6.1.4.  CP savings for a large site under a base case and two battery scenarios 5 

 Base Storage Only 
Solar PV 0 0 0 
Storage (kW) 0 500 500 
Storage (kWh) 0 1000 2000 

System Output and Performance 
Total Summer Peak  9,130   6,840   6,380  
Total Winter Peak  11,110   8,090   7,540  
Total Annual Grid Energy 
(kWh)  7,646,300   7,653,890   7,665,190  
System Cost and Savings 
Annual CP Demand Cost   $394,240   $291,060   $271,240  
Annual Peak Demand 
Cost   $86,730   $86,730   $86,730  
Annual Energy Cost   $435,840   $436,270   $436,920  
Monthly Charges   $7,420   $7,540   $7,540  
Total Utility Costs   $924,230   $821,600   $802,430  
Annual Utility Savings   $-     $102,630   $121,800  
Energy Storage Cost 
(2018)    $725,000   $1,050,000  
Energy Storage Cost 
(2030)    $276,000   $400,000  
Maintenance Cost    $5,000   $5,000  

 6 
For the TOU rate, Table 6.1.5 below shows the modeling results for a large site on a TOU rate. 7 
 8 
  9 
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Table 6.1.5.  TOU savings for a large site under various scenarios  1 
 Base Storage Only 

Solar PV 0 0 0 
Storage (kW) 0 500 500 
Storage (kWh) 0 1000 2000 

System Output and Performance 
Total Summer Peak  9,130   6,840   6,380  
Total Winter Peak  11,110   8,090   7,540  
Total Annual Grid Energy 
(kWh)  7,646,300   7,653,890   7,665,190  
System Cost and Savings 
 Annual Summer Peak 
Cost   $186,280   $139,530   $130,180  
 Annual Winter Peak Cost   $169,540   $123,510   $114,980  
Annual Energy Cost   $365,260   $365,630   $366,170  
Monthly Charges   $7,420   $7,540   $7,540  
Total Utility Costs   $728,500   $636,200   $618,860  
Annual Utility Savings   $-     $92,290   $109,630  
Energy Storage Cost 
(2018)    $725,000   $1,050,000  
Energy Storage Cost 
(2030)    $276,000   $400,000  
Maintenance Cost    $5,000   $5,000  

 2 
Comparing the economic performance of the modeled storage scenarios under the CP rate and 3 
TOU rate, as shown in Table 6.1.6 below, the are some observable results: 4 

• There are no net positive benefits when using 2018 battery costs under the CP rate. 5 
• Systems performed better under CP rates than TOU rates, with higher net benefits. 6 
• The benefits for the 2030 battery costs exceeded revenue requirements by as much as 7 

27%. 8 
 9 
 The results in Tables 6.1.4 and Table 6.1.5 are summarized in terms of annual cost, benefits, and 10 
net benefits (i.e., benefits – costs) below in Table 6.1.6.  11 
 12 
  13 
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Table 6.1.6.  Potential large customer benefits from Li-ion battery energy storage systems (ESS)  1 

  
500kW 2-
hr ESS 

500kW 4-
hr ESS 

Li-ion Energy Storage Benefit-Cost with Coincident Peak Rate 
- Wilson Energy CP FR-1-1 tariff 

Benefit $/kW-yr  $205   $244  
Revenue Requirement (2018) $/kW-yr  $246   $352  
Net Benefit (2018) $/kW-yr  $(41)  $(108) 
    
Benefits $/kW-yr  $205   $244  
Revenue Requirement (2030) $/kW-yr  $134   $191  
Net Benefit (2030) $/kW-yr  $71   $52  
Li-ion Energy Storage Benefit-Cost with Time of Use Rate 

- Duke Energy Carolinas Large General Service TOU rate LGS-
TOU-50 

Benefit $/kW-yr  $185   $219  
Revenue Requirement (2018) $/kW-yr  $246   $352  
Net Benefit (2018) $/kW-yr  $(61)  $(133) 
    
Benefits $/kW-yr  $185   $219  
Revenue Requirement (2030) $/kW-yr  $134   $191  
Net Benefit (2030) $/kW-yr  $51   $28  
 2 
 3 
6.1.4 ESS Applications for Small- and Medium-Sized Customers 4 

Medium-sized electric service is generally available for nonresidential customers that have less 5 
than 1000 kW in demand load, while small electric service is available to those non-residential 6 
customers with less than 30 kW in demand load.   An example of a medium-sized electric service 7 
is a big-box retail store, such as Costco, Target, Walmart or Ikea.  A small office or retail space 8 
having less than 5,000 ft2 in floor area would typically have a small electric service. 9 
 10 
This section includes evaluation of battery storage.  The final version will include thermal 11 
storage for small-medium customers, including ice storage and chilled water storage. 12 
 13 
Consider an example medium customer site modeled using a typical site in SAM with an average 14 
monthly peak load of 529 kW, a winter peak of 514 kW, a summer peak of 557 kW and an 15 
annual load factor of 0.55.   Using System Adviser Module (SAM), five scenarios of demand 16 
reduction applications were modeled as follows: 17 

1. 100 kWAC solar PV roof mounted  18 
2. 100 kWAC solar PV roof mounted + 100 kWAC 2-hour Li-ion Battery 19 
3. 100 kWAC solar PV roof mounted + 100 kWAC 4-hour Li-ion Battery 20 
4. 100 kWAC 2-hour Li-ion Battery 21 
5. 100 kWAC 4-hour Li-ion Battery 22 

 23 
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The performance and savings under the CP rate for Wilson Energy, FR-MGS-2 (see Table 6.1.3 1 
above), for the five scenarios are shown in Table 6.1.7.  This rate has one of the highest CP 2 
demand charges for municipal utilities in NC, to show the largest potential benefit.   No 3 
modeling was done for a TOU rate due to the limited use of TOU rates by medium or small sites. 4 
 5 
Note that storage-only scenarios are presented below. Storage + battery scenarios will be 6 
included in the final version. 7 
 8 
 9 
Table 6.1.7.  CP savings for medium site; base, under various scenarios 10 

` Base Storage Only 

Solar PV 0 0 0 
Storage (kW) 0 100 100 
Storage (kWh) 0 200 400 

System Output and Performance 
Total Summer Peak  6,3450   5,290   5,150  
Total Winter Peak  6,980   6,980   6,980  
Total Annual Grid Energy 
(kWh)  2,523,280   2,524,570   2,524,570  
System Cost and Savings 
Annual CP Demand Cost   $148,440   $123,660   $120,370  
Annual Peak Demand Cost   $34,910   $34,910   $34,910  

Annual Energy Cost   $164,010   $164,100   $164,100  
Monthly Charges   $7,420   $7,540  $7,540  
Total Utility Costs   $354,770   $330,190   $326,910  
Annual Utility Savings   $-     $24,580   $27,860  
Energy Storage Cost 
(2018)  $-     $145,000   $210,000    
Energy Storage Cost 
(2030)  $-     $55,000   $80,000    
Maintenance Cost    $1,000  $1,000  

 11 
Comparing the economic performance of the modeled storage scenarios under the CP rate and 12 
TOU rate, as shown in Table 6.1.8 below, the are some observable results: 13 

• There are net positive benefits in three out of four scenarios for 2018 battery costs under 14 
the CP rate, with net benefits as much as 20% higher than the revenue requirement. 15 

• The benefits for the 2030 battery costs exceeded revenue requirements by more than 16 
65%. 17 

 18 
  19 
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Table 6.1.8.  Potential medium customer benefits from Li-ion battery energy storage  1 

  
100kW 2-
hr ESS 

100kW 4-
hr ESS 

Li-Ion Energy Storage Cost/Benefit with Coincident Peak Rate 
Wilson Energy CP FR-MGS-2 tariff 
Benefit $/kW-yr  $246   $279  
Revenue Requirement (2018) $/kW-yr  $198   $385  
Net Benefit (2018) $/kW-yr  $48   $(106) 
    
Benefits $/kW-yr  $246   $279  
Revenue Requirement (2030) $/kW-yr  $81   $153  
Net Benefit (2030) $/kW-yr  $164   $126  
 2 
 3 
6.1.5 ESS Applications for Residential Customers 4 

Presently, policies promoting dispatch of energy storage for demand reduction are the primary 5 
driver for deployment of behind the meter residential applications of energy storage, with 6 
California and Hawaii leading due to the existence of such policies (Utility Dive, 2018).  In this 7 
section of the report, the final version will include evaluation of energy storage with and without 8 
solar PV, under various policies including net metering, net billing and utility dispatch. 9 

 10 
The table below details residential current rates available from Duke Energy, including TOU 11 
rates that may offer energy storage opportunities. 12 
 13 
Table 6.9. Residential Rates: Duke Energy Progress (DEP) and Duke Energy Carolinas (DEC) 14 
Rate Monthly 

Customer 
Charge 

On-Peak 
Demand Charge 
($/kW) 

Summer Energy 
Charge ($/kWh) 

Winter Energy 
Charge ($/kWh) 

DEC Residential  
RES-50 

$14.00 n/a $0.1042 
July - October 

$0.09947 
November-June 

DEC TOUD 
(Demand) 
R-TOUD-50 

$16.85 $4.88 Jun-Sep 
$3.90 Oct-May 

$0.07172 on-peak 
$0.05732 off-peak 
June - September 

$0.07172 on-peak 
$0.05732 off-peak 
October - May 

DEC TOU (Energy) 
R-TOU-50 

$16.85 n/a $0.23507 on-peak 
$0.11996 shoulder 
$0.07036 off-peak 
June - September 

$0.22356 on-peak 
$0.11708 shoulder 
$0.07063 off-peak 
October - May 

DEP Residential  
RS 

$14.00 n/a $0.087226 
July - October 

$0.087226 
November-June 

DEP Residential 
w/electric water 
heating and air 
conditioning 

$14.00 n/a $0.085855 
July - October 

$0.085855  
first 350 kW 
$0.076408  
all over 350 kW 
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RE November-June 
a Charged for excess demand, which is the difference between the customer’s monthly peak 1 
demand and coincident peak demand. 2 
 3 
 4 
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6.2  Distribution Services 1 
In this section of the report, we focus on the value of utilizing energy storage on an electric utility 2 
power distribution circuit.  A distribution circuit provides the connection between a high-voltage 3 
transmission system and low-voltage electric customers.  See Figure 6.2.1 for key elements of a 4 
distribution circuit. Starting at the distribution substation, a utility uses a combination of overhead 5 
pole-mounted lines and underground cables to deliver electricity to the customer’s service 6 
transformers. Storage located at the distribution level is typically utility owned and operated. 7 
 8 
This section uses several hypothetical case studies to demonstrate the value of placing energy 9 
storage on a medium-voltage distribution system.  Each case study will include an estimate of 10 
energy storage value and a representative benefit-cost analysis.  Potential locations for storage 11 
include the substation, along the distribution feeder, at a customer distribution transformer or at a 12 
PV array.  In particular, we look at three scenarios involving capacity deferral/peak shaving, 13 
customer reliability enhancement, and high-penetration distributed energy resource (DER) voltage 14 
control, which are summarized below. 15 
 16 

 17 
 18 
Figure 6.2.1. Distribution circuit components. The distribution system starts at the substation 19 
where high voltage transmission is converted to medium voltage and routed to the load points via 20 
overhead and underground cables. Voltage regulators and capacitor banks are used to help regulate 21 
the voltage until it is converted to a customer utilization level at the customer distribution 22 
transformers. 23 
 24 
6.2.1 Capacity Deferral and Peak Shaving  25 
Capacity deferral and associated peak shaving involves using distribution-sited storage for 26 
controlling peak demand at the distribution circuit level in order to defer an expensive bulk 27 
capacity upgrade and also achieve associated monthly peak shaving.  Circuit loads normally 28 
increase each year due to annual incremental growth or the addition of large new loads.  Storage 29 
can be utilized to defer substation upgrades, distribution feeder upgrades, reduce peak demand, 30 
and help to support operation of the sub-transmission (69 -115 kV) and transmission systems. 31 
Figure 6.2.2 shows two options for substation upgrade: Option 1 involves adding another 32 
substation transformer, which usually comes in bulk scale; Option 2 involves installing an energy 33 
storage unit at the substation to supply a short period of generation in order to delay or defer the 34 
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need for an upgrade. Figure 6.2.3 shows an example of using energy storage for capacity deferral 1 
where the capacity limit is 20 MVA and it is a summer peak day. Energy storage will discharge to 2 
avoid overloading the substation as needed.  3 

 4 
 5 
 6 
Figure 6.2.2. Substation upgrade scenario. Option 1 represents a traditional capacity upgrade, 7 
and Option 2 represents the installation of energy storage. 8 
 9 

 10 
 11 
Figure 6.2.3. Substation peak shaving using energy storage.  12 
 13 
  14 
6.2.2 Reliability enhancement  15 
Reliability enhancement involves looking at the use of storage for improving customer system 16 
average interruption frequency index (SAIFI) and system average interruption duration index 17 
(SAIDI).  This could involve using energy storage to support alternate power feeds during feeder 18 
reconfiguration or siting storage near customers to support microgrid operation during grid 19 
outages.  20 
 21 
A basic distribution circuit scenario is shown in Figure 6.2.4.  When a fault occurs on the circuit, 22 
the utility needs to first isolate the faulted section so it can be repaired.  While service can be 23 
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restored upstream of the faulted area, customers downstream of the fault or in the faulted area 1 
remain without power.  A downstream customer can be served by either an alternate backfeed 2 
source (i.e., a second circuit connected by a tie switch) if it exists or distributed generation in the 3 
form of an energy storage system or conventional backup generator.  4 
 5 

 6 
 7 
Figure 6.2.4. Distribution reliability scenario (a) before the fault (b) after the fault (red means 8 
closed and green means open). 9 
 10 
 11 
6.2.4 Voltage Control for High Penetrations of Solar 12 
This application includes the use of storage to aid voltage control in a distribution system with a 13 
high-penetration of solar PV. Figure 6.2.5 illustrates an example feeder with various PV units 14 
connected to the distribution system. The application of energy storage in this section could 15 
involve smoothing the output of an intermittent PV source, absorbing PV output during light 16 
loading conditions to reduce voltage, and performing peak shaving. Figure 6.2.6 shows an example 17 
feeder that experiences overvoltage due to the addition of PV. The fact that the PV system pushes 18 
power towards the substation causes a rise in the circuit voltages.  Adding energy storage helps to 19 
mitigate the overvoltage issue by charging (adding more load) to counteract the voltage increase 20 
caused by PV generation. An additional benefit is if the energy storage is discharged during peak 21 
hours, this can also create additional peak shaving during a system load peak.  22 
 23 
 24 
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 1 
Figure 6.2.5. Example circuit layout with several connected solar PV units. 2 
 3 
 4 

 5 
 6 
Figure 6.2.6. Solar PV impact on bus voltage at the interconnection point. 7 
 8 
  9 
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6.2.5 Methodology 1 
 2 
Capacity Deferral and Peak Shaving 3 
 4 
The traditional approach when load starts to exceed capacity loading limits is to upgrade the 5 
substation or piece of equipment being overloaded.  Since we typically want to account for future 6 
growth, this can involve upgrading the circuit to 1.25 – 2 times its original capacity.  If the added 7 
capacity need is small, then an upgrade is an expensive solution to meet short-term needs.  So 8 
another means of adding a small amount of extra capacity is preferred until load growth makes the 9 
traditional upgrade more economical.  Using energy storage is one way of deferring the upgrade. 10 
 11 
This hypothetical case study analysis looks at placing energy storage at the substation to achieve 12 
capacity deferral and optimal monthly peak shaving. Key assumptions for the feeder simulation 13 
are shown in Table 6.2.1.  The capacity limit of the studied substation with four feeders shown in 14 
Figure 6.2.7 is 20 MVA. The annual load curves used in this study represent southeast utilities 15 
with a coincident peak of 20.3 MW at year one. A 1% annual load growth considered. The study 16 
is performed for 10 years with a discount rate of 10%. The maximum life of the lithium-ion battery 17 
used in the study is also 10 years. Since lithium-ion batteries usually come in certain unit sizes, we 18 
add the batteries in 500 kW blocks in our study.    19 
 20 
Table 6.2.1. Capacity Deferral/Peak Shaving Feeder Simulation Assumptions 21 
 22 

 23 
Hourly simulation is performed in Excel using VBA programming. The study timeframe is 10 24 
years. Energy storage is added in 500 kW blocks each year as needed to make sure the system is 25 
not overloaded and the capacity upgrade can be deferred. Then the optimal monthly peak shaving 26 
settings are solved to achieve the maximum peak shaving benefits.  These peak shaving settings 27 
are used for the energy storage discharge control. The energy storage unit monitors the substation 28 
loading and if the limit is reached, it will discharge to shave the load if any stored energy left. Note 29 
that when we do capacity deferral, we have already shaved the peak enough to meet the 20 MVA 30 
limit. In the second step of getting additional peak shaving benefits, the peak shaving amount is 31 
set to be lower than the monthly peak value to reduce the monthly peak even more.  32 
 33 
The charge control scheme for energy storage is trying to keep the state of charge (SOC) of the 34 
energy storage at 80% in order that the energy storage can discharge when needed. The discharge 35 

Feeder Simulation 

Annual Load Curve Hourly (Hoke, 2017) 

Capacity 20 MVA 

Number of Feeders 4 

Annual Load Growth Rate 1% 

Coincident Peak (yr.1-10) 20.3 MW – 22.2 MW 

Energy Storage Added in 500kW blocks 
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is controlled by the peak shaving setting and it can have a different value every month. month. 1 
These settings are optimized to achieve the most of peak shaving benefits for each month.The 2 
energy storage is monitoring the power at the top of the feeder and if the power is over the peak 3 
shaving setting limit, it will discharge if there is additional energy left. The maximum charge or 4 
discharge rate is the kW capacity defined for the energy storage.   5 
 6 
The energy storage we are considering in the distribution analysis is the four-hour Li-ion battery. 7 
The cost per kWh of storage is $525 for 2018 and $200 for the year 2030, based on the estimates 8 
provided in Section 4. Consistent with Section 4, we also consider a $10/kW×yr. fixed O&M cost. 9 
The round trip efficiency is 85% and there is a 5%-self discharge for the first 24 hours. Since the 10 
energy storage needed in the application will be in the hundreds of kW scale, it is a relatively large 11 
investment. The energy storage owners usually can take a loan for the expensive purchase. In the 12 
study, we are considering a 10-year loan plan with a 10% interest rate. The simulation and cost 13 
parameters for the Li-ion battery are listed in Table 6.2.2.   14 
 15 
 16 
Table 6.2.2. Energy Storage Simulation and Cost Parameters 17 

Energy Storage (Li-ion 4 hr.) 

Cost ($/kWh) 525 (200 for 2030) 

O&M Cost 10 $/kW×yryr. 

Life 10 Years 

Round trip efficiency 85% 

Self-discharge 5% (24 hr.) 

Loan Rate 10% 
 18 
As for the benefits, we consider both the capacity deferral benefits and the monthly peak shaving 19 
savings since the capacity deferral requires a very low usage of the relatively large size of the 20 
energy storage unit, probably just a couple hours in a year. Stacking these two services increases 21 
the value proposition of storage. 22 
 23 
The single-year deferral benefit is calculated in the example study. This part of the benefits is 24 
defined as the utility’s annual revenue requirement for the upgraded T&D facility. Note that if a 25 
T&D upgrade project is deferred, then the avoided payment is treated as if it is avoided forever 26 
(Eyer, 2009). The calculation for the single year deferral benefit is the entire project cost times the 27 
fixed charge rate. Eyer (2009) also gives the range of the cost for T&D capacity installed: $25 - 28 
$250 per kW. In this study, we use $150/kW as the cost of T&D installed, and we assume that the 29 
substation capacity can only be added in 10MVA increments.  30 
 31 
The monthly peak shaving benefits mainly accrue to the municipal utilities and electric 32 
cooperatives who purchase power under a large general service rate schedule. They usually 33 
experience a high monthly demand charge rate and energy storage could be utilized to help them 34 
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avoid high monthly peak charges. In this study, the Duke Energy large general services schedule 1 
LGS-50 (Duke, 2018) is used as a reference. The demand charge is $11/kW per month. The energy 2 
cost $55/MWh is used to estimate the operational cost of energy storage since it incurs losses for 3 
both charge and discharge.   4 
 5 
Note that an Excel spreadsheet VBA tool has been created for the capacity deferral and peak 6 
shaving case study. The load shape profiles, system capacity limit, energy storage charge and 7 
discharge control settings, cost parameters for energy storage and the benefit value for peak 8 
shaving can be updated easily for a customized study.  9 
 10 
Reliability Enhancement 11 
In order to evaluate the benefits of utilizing storage to improve reliability, we compare energy 12 
storage to conventional upgrade options. The conventional option involves employing a backup a 13 
line upgrade of converting overhead lines to underground since underground lines usually have a 14 
lower failure rate. We also include the value of placing targeted distributed backup generation.  15 
The energy storage and backup generator are sized to achieve a similar reliability index as 16 
converting overhead lines to underground. 17 
 18 
The hypothetical case study feeder is shown in Figure 6.2.7. The length of the backbone, lateral 19 
(0.5 mile) and number of customers are shown in the figure. Eight possible fault locations on both 20 
the backbone and lateral are analyzed. It is assumed only 1 fault happens at one time. The failure 21 
rate (NCSEA, 2017; NCPSUC, 2003) and repair time for overheard and underground are shown 22 
in Table 6.2.3. Currently, all the backbones and laterals are overhead configuration. With the 23 
failure rate, number of customers and feeder length, we can calculate that the projected SAIFI and 24 
SAIDI of the system is 2.4 interruptions/year per customer with 7.2 hours average outage per 25 
customer per year. We are starting with a feeder that has relatively poor reliability with high SAIFI 26 
and SAIDI values. Our goal is to improve the system reliability to the average of 2.65 hours for 27 
SAIDI and 1.37 average interruptions for SAIFI (NCSEA, 2017). The formula to calculate SAIFI 28 
and SAIDI are: 29 
 30 

• "#$%$(	"()*+,	-.+/-0+	12*+//34*152	6/+73+28(	129+:) 31 

=
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 1 
Figure 6.2.7. Study feeder for the distribution reliability study. 2 
 3 
Table 6.2.3. Failure rate and repair time  4 

Failure Rate and Repair Time (NCSEA, 2017; NCPSUC, 2003) 

OH (Backbone/Lateral) 0.8/0.35 failures/year 

UG (Backbone/Lateral) 0.2/0.17 failures/year 

OH repair time: 3 hr. 

UG repair time: 3.5 hr. 
 5 
 6 
In our sample analysis, we will assume three possible locations for the energy storage system and 7 
backup generators. These include the substation, along the distribution feeder, and at the customer 8 
site (on the utility side of the meter) as shown in Figure 6.2.8. The backup generator alternative is 9 
studied at the same locations with identical kW size as the energy storage. Placing smaller energy 10 
storage units near the load could provide additional value streams.  However, the smaller units 11 
would have higher $/kWh and $/kW cost than larger storage units. 12 
 13 

 14 
Figure 6.2.8. Study feeder for the distribution reliability study, and different potential locations 15 
for energy storage. 16 
 17 
The simulation is programmed using Excel spreadsheet VBA for a time frame of 10 years. The 18 
load growth rate is 1%. Hourly load profiles for typical southeast utilities (Hoke, 2017) is used. 19 
For every hour in a year, all the possible faults are examined to see whether it can be covered by 20 
the energy storage or backup generator. Then the number of hours that are not covered over the 21 
total hours in one year (8760 hours) is used as a factor to be applied to the calculation of number 22 
of minutes of customer outages. For the energy storage option, if it cannot support the whole time 23 
for one outage, then no partial credit is counted. We assume that the energy storage always 24 
maintains a 100% state of charge before discharging.  25 
 26 
The cost of the lithium-ion battery is shown in Table 6.2.2. This cost is used for the energy 27 
storage at the end of the feeder. For batteries used along the feeder and at customer locations, it 28 
is assumed to have a relatively higher $/kWh cost which are $656/kWh (25% higher) and 29 
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$788/kWh (50% higher). For a backup generator, the cost is assumed to be $1000/kW for a 1 
diesel generator system as the end of the feeder (Kutz, 2014; Schienbein, 2004). It is assumed 2 
that the cost for the smaller units along the feeder to be $1250/kW (25% higher) and $1500/kW 3 
(50% higher) for units at customer sites.  The cost of converting overhead to underground is 4 
$450,000 per mile (NCSEA, 2017).  5 
 6 
We consider the avoided cost of interrupted power in the benefits analysis. The cost of interrupted 7 
power for 1 hour is $2.7 for a residential site, $886 for commercial site and $3253 for industrial 8 
(Hamachi, 2004). We assume that this feeder has 90% residential and 10% commercial customers. 9 
This would give us an average worth of $91 per hour per customer.  10 
 11 
Note that a spreadsheet tool has been created for the reliability analysis. All the following 12 
assumptions including feeder characteristics, customer numbers, class and distribution, failure 13 
rate, load profile, cost of energy storage/backup generator/feeder upgrade and cost of interrupted 14 
power are input info that can be easily changed to be customized for a different case study.  15 
 16 
 17 
Voltage Control for High Penetrations of Solar 18 
 19 
The traditional approach to mitigating the overvoltage issue caused by distribution-level PV 20 
generation is to upgrade the distribution circuit. Upgrading the distribution line can reduce line 21 
impedance, such that the voltage increase caused by backfeeding solar PV can be reduced. Energy 22 
storage can also be used mitigate overvoltage by charging with PV energy during those time 23 
periods when the PV is otherwise driving the voltage high. 24 
 25 
The hypothetical case study feeder is shown in Figure 6.2.9 with uniformly distributed load. The 26 
system voltage is 23kV and percent per unit voltage at the substation is 104% of nominal. The 27 
length of the feeder is 10 miles and PV is located 7 miles away from the substation. An hourly 28 
load profile for 23 kV system and representative of southeast utilities is used (Hoke, 2017). The 29 
hourly PV irradiance data at Raleigh-Durham International airport, NC is obtained from National 30 
Solar Radiation Data Base (NSRDB) (NREL, 2005). The feeder has a peak load of 8 MW and the 31 
size for the PV system is 5 MW. The conductor assumed for the primary feeder backbone is 336 32 
aluminum conductor steel-reinforced cable (ACSR) with impedance obtained from (Gonen, 2008). 33 
From there, we can calculate the voltage at the point of PV interconnection using the K factor 34 
method (Gonen, 2008). To calculate the voltage at the PV point, we need to calculate the voltage 35 
drop between the substation and PV site using the following equations: 36 
 37 

A@ =
B

C
× D × "E∅                                                                             (1) 38 

 39 
D = 	

(GHIJKLMJNOK)

EPQRS
T 	× 1000          unit: %VD/kVA-mile                   (2) 40 

 41 
AWP = 	AJXY − A@                                                                              (3) 42 

 43 
 44 
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 1 
 2 
Figure 6.2.9. Energy Storage Locations for Voltage Control 3 
 4 
In the study, hourly simulation is performed using Excel spreadsheet VBA. First, we need to 5 
calculate the PV hosting capacity, which means the maximum PV system size that can be added 6 
to the interconnection point without causing any overvoltage issues. Then, we can increase the PV 7 
system size and mitigate the overvoltage issue using the feeder upgrade method or adding energy 8 
storage to the feeder. In the example, energy storage is added at the same location with the PV.  9 
 10 
The control strategy for the energy storage is that energy storage is only being charged using PV. 11 
There is a monthly voltage threshold setting for the energy storage, if the point of interconnection 12 
voltage is higher than the threshold, the energy storage will be charged if there is any capacity left. 13 
The discharge of energy storage is controlled by time. There is also a monthly setting to decide 14 
when the energy storage should discharge, and it is set to occur during peak hours to give additional 15 
peak shaving benefit.   16 
 17 
The cost of upgrading to a larger wire size is assumed to be $200,000 per mile (EIA, 2012). The 18 
minimum miles of conductor that need to be upgraded is evaluated in the simulation. The fixed 19 
charge rate used in 11% (10% discount rate at 25 years). The energy storage cost is shown in Table 20 
6.2.2. The benefit for peak shaving is evaluated at $11/kW (Duke, 2018). Since energy storage 21 
incurs losses in both charge and discharge, this part of loss is treated as operating cost which is 22 
monetized at $55/MWh (Duke, 2018).   23 
 24 
Note that we assume a 0% load growth rate is the worst case. Since the heavier loading condition 25 
will alleviate the PV overvoltage issue, as long as the energy storage can support the PV system 26 
for the first year, it will be okay for later years if the loads keep growing.  27 
 28 
6.2.6  Results of Benefit-Cost Analysis 29 
 30 
Capacity Deferral and Peak Shaving 31 
 32 
The resulting kW size of energy storage that needs to be added during the ten year timeframe for 33 
capacity upgrade deferral is shown in Figure 6.2.10. Since we are assuming a 1% load increase 34 
and the energy storage (ES) can be added in 500 kW units, we need to add an ES unit at year 1, 2, 35 
4, 7 and 9. Figure 6.2.10 also shows the discharge hours for each year. It can be seen from the 36 
figure that if the ES is only used for deferral, it is very under-utilized, operating only for a couple 37 
of times per year. Together with the peak shaving, the energy storage is better utilized. Also the 38 
more storage capacity is added, the more value it has for peak shaving.  39 
    40 
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 1 
Figure 6.2.10. Energy storage needs (left) and storage utilization for capacity deferral and peak 2 
shaving (right). 3 
 4 
The benefit-cost results by year are shown in Figure 6.2.11. It can be seen that the deferral benefits 5 
(shown in yellow) dominate the total benefits during the initial years and remain constant. 6 
However, as the available storage capacity gets larger, more and more peak shaving benefits can 7 
be obtained, as shown in green.   8 

 9 
 10 
 11 
Figure 6.2.11. Benefits and costs over time associated with using storage on the distribution 12 
network for capacity deferral and peak shaving. 13 

 14 
The annualized benefit-cost analysis per kW for both 2018 and 2030 are shown in Table 6.2.4. The 15 
benefits include the deferral benefits, peak shaving associated with capacity deferral, and 16 
additional optimal peak shaving control benefits. It can be seen from the table that at year 2018, 17 
the net $/kW×yr. value is -70. However, in year 2030, the net value becomes positive $52/kW×yr.    18 
 19 
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 1 
 2 
Table 6.2.4. Capacity Deferral/Peak Shaving Cost Benefit Results (2018 and 2030) 3 

Benefit-Cost Analysis Units: $/kW-yr 

Benefit 132 

- Deferral 66 

- Deferral Peak Shaving 4 

- Added Peak Shaving 62 

Cost (2018) 202 

Net (2018) -70 

Cost (2030) 80 

Net (2030) 52 
 4 
 5 
Reliability Enhancement 6 
 7 
In this study, we are comparing the use of energy storage versus converting overhead (OH) to 8 
underground (UG) feeders and also deploying backup generators. Similarly, we are assuming a 9 
1% load growth during the ten-year analysis. Energy storage or a backup generator is added each 10 
year to achieve the reliability target. The results for converting OH to UG is shown in Table 6.2.5. 11 
It can be seen from the result that converting only the main feeder backbone conductors gives the 12 
highest NPV over 10 years. For this case the resulting SAIDI is 2.6 hours/year and SAIFI at 0.775 13 
interruptions/year.  14 
 15 
Table 6.2.5. Reliability study results – Converting OH to UG 16 

OH to UG  ALL Backbone Lateral 
SAIFI 0.685 0.775 2.485 
SAIDI 2.4 hr. 2.6 hr. 7.5 hr. 

Annual Cost  $              446,000   $          347,000   $           99,000  
Annual Benefits  $              485,000  $          464,000   $           21,000  

NPV  $              238,000   $          720,000   $      (482,000) 
 17 
The results for utilizing energy storage is shown in Table 6.2.6. Adding energy storage can help 18 
bring the SAIDI down to an average 2.3 hours for the 10 year period. However, it will not help 19 
with the SAIFI index, which means the number of interruptions that customers are going to facing 20 
will not be changed. In both the 2018 and 2030 case, the end of the feeder application has the 21 
highest NPV since the cost for energy storage along the feeder and at the customers’ site are higher 22 
in the study. Although the greatest annual benefit is obtained when ES is placed near customer 23 
locations, the benefits cannot offset the extra cost assumed in the study. For the 2018 case, the 24 
energy storage case has a negative NPV. However, for the 2030 case, the NPV becomes positive 25 
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and outweighs the feeder upgrading case. The annual cost, benefit, and net values in $/kW×year is 1 
also calculated for comparison between the different cases.  2 
 3 
Table 6.2.6. Reliability Study Energy Storage Cost Benefit Results (2018 & 2030) 4 

 Energy Storage (2018) Energy Storage (2030) 

  End Feeder Along Feeder Customer End 
Feeder Along Feeder Customer 

SAIFI 2.575 2.575 2.575 2.575 2.575 2.575 
Average 
SAIDI 2.3 hr. 2.3 hr. 2.3 hr. 2.3 hr. 2.3 hr. 2.3 hr. 

Annual 
Cost 791,000 1,016,000 1,176,000 315,000 401,000 462,000 

Annual 
Benefit  494,000 488,000 499,000 494,000 488,000 499,000 

NPV  -1,826,000 -3,242,000 -4,159,000 1,099,000 532,000 228,000 
Annual 
Net -297,000 -528,000 -677,000 179,000 87,000 37,000 

Cost 
$/kW×yr 352  406  523  140  161  205  

Benefit 
$/kW×yr 220  195  222  220  195  222  

Net 
$/kW×yr (132) (211) (301) 79 35 16 

 5 
The benefit-cost analysis results for deploying backup generators is shown in Table 6.2.7. The best 6 
case is to place the backup generation at the end of the feeder. The NPV value is slightly better but 7 
very close to the feeder upgrade case. The energy storage 2018 case is more expensive than the 8 
backup generator case. However in the year 2030, energy storage becomes more cost-effective 9 
than the backup generator case.  10 
 11 
Table 6.2.7. Reliability study results – backup generator 12 

 Backup Generator 
  End Feeder Along Feeder Customer 

SAIFI 2.575 2.575 2.575 
Average SAIDI 2.3 hr. 2.3 hr. 2.3 hr. 
Annual Cost 366,000 468,000 549,000 
Annual Benefit  494,000 488,000 499,000 
NPV  787,000 120,000 -309,000 
Annual Net 128,000 20,000 -50,000 
Cost $/kW×yr 163 187 244 
Benefit $/kW×yr 220 195 222 
Net $/kW×yr 57 8 (22) 

 13 
 14 
Voltage Control for High Penetrations of Solar 15 
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 1 
In this part of the hypothetical case study, a 5 MW PV system is added 7 miles away from the 2 
substation. The voltage at the point of interconnection during the year is shown in Figure 6.2.12. 3 
The voltage is over 105% percentage per unit compared to nominal for 112 hours during the year. 4 
In this analysis, we reduce the size of the PV to figure out the hosting capacity at this location. 5 
When the size is 4MW, there is no overvoltage issue during the year. So 4 MW is the hosting 6 
capacity. The benefit difference between the 5MW and 4MW is captured as the value for enabling 7 
a higher PV penetration on the feeder.   8 
 9 
 10 

 11 
 12 
 13 
Figure 6.2.12. Voltage at point of PV interconnection for a year. 14 
 15 
The simulation shows that at least a 1200 kW of battery capacity is needed to mitigate the 16 
overvoltage issue of the 5 MW PV system, as shown in Figure 6.2.13. Also, the overvoltage issue 17 
can be fixed by upgrading at least 5 miles of backbone feeder from 336 ACSR to 477 AAC 18 
conductor. The results of the benefit-cost analysis is shown in Table 6.2.8.  19 
 20 
 21 

 22 
Figure 6.2.13. Voltage at point of PV interconnection for a year with energy storage. 23 
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 1 
 2 
Table 6.2.8. Voltage Control and PV integration Study Results  3 
Comparison ES Upgrade 
Annual Cost (2018) 342k 110k 
Annual Peak Shaving Benefit  28k 1.3k 
Annual PV Energy Added 81k  87k 
Net (2018) -233k -21k 
Annual Cost (2030) 130k - 
Net (2030)  -21k - 
Benefit ($/kW-yr.) 91 - 
Cost ($/kW-yr.)(2018) 285 - 
Net ($/kW-yr.)(2018) -194 - 
Cost ($/kW-yr.)(2030) 109 - 
Net ($/kW-yr.)(2030) -18 - 

 4 
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6.3 Transmission Congestion Relief 1 
Storage located in congested areas can provide benefits by charging during off-peak hours and 2 
dispatching electricity during peak hours. High marginal cost generators running during times 3 
when lower cost generators could be running is an indication that grid congestion may be 4 
occurring. In North Carolina, geographic factors, such as steep changes in elevation, natural 5 
disaster-prone areas, and the location of decentralized rural towns and municipalities all play a 6 
role in where transmission is built and therefore where congestion is observed.  7 
Congestion can increase the cost of system operation by limiting the ability of lower cost 8 
generators to supply load. During congested periods, higher cost generators may need to supply 9 
energy because lower cost generators cannot inject more energy without violating transmission 10 
thermal limits. 11 
 12 
Without a detail transmission model for power flow studies, we can examine the historical 13 
operation of the power system to estimate how often higher cost generators operate due to 14 
congestion. While there is not a direct market that produces locational marginal prices, publicly 15 
available data can be used to organize generators into a supply curve based on their marginal cost 16 
of electricity production. Absent transmission congestion, the lowest cost capacity should be 17 
committed to serve load.  18 
 19 
For this analysis, we used publicly available data from EPA Air Markets Program (U.S. EPA, 20 
2018) and EIA form data to acquire information on all plants and generators in North and South 21 
Carolina under Duke’s balancing authority. While the EPA generation data only includes the 22 
generation from plants that have to report emissions (e.g., gas and coal plants), most other 23 
resources are expected to be low marginal cost (e.g., solar PV and nuclear) and would not set the 24 
marginal cost of generation. We assume solar and wind marginal costs to be zero and place them 25 
at the bottom of this merit order curve (Gogeti, N. et al, 2013). Thus, whenever renewables are 26 
available, we assume they should be utilized and do not set marginal cost of generation. 27 
Conventional nuclear light water reactors also have low marginal costs. Thus, on North 28 
Carolina’s grid, natural gas and coal-fired generators are typically on the margin. Generators 29 
with a high marginal cost such a distillate fuel oil, diesel, or a peaking natural gas being run 30 
instead of lower marginal cost generators may be a sign of congestion.  31 
 32 
Estimating the effects of congestion without a power flow model does have limitations. We are 33 
not able to differentiate conclusively whether thermal generators are operating out of merit order 34 
due to congestion or some other outage or reliability event. These other operating conditions are 35 
less frequent, so this analysis still gives some  indication of congestion events. 36 
 37 
From the EIA form data, we calculate the marginal cost (variable operations and maintenance 38 
cost plus fuel cost) for all thermal generators at the generator level.  Using the hourly 2017 39 
generation data for these generators, we have obtained gross MW load for each fossil fuel 40 
generator for every hour in 2017. For each hour of the year, we first determine which generators 41 
were committed (i.e., have non-zero generation), and of those plants that were committed, we 42 
then identify the marginal generator with the highest marginal cost. Plants which are 43 
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uncommitted while having a lower marginal cost than the marginal generator are potentially out 1 
of order due to congestion.  2 
 3 
We are still performing the data analysis, and the results will be included in the final version of 4 
the report. 5 
 6 
 7 
References 8 
Gogeti, N. Hittinger, E. & Williams, E. “How much wind and solar are needed to realize 9 
emissions benefits from storage?” Energy Syst 2017, 1-23 10 
 11 
U.S. EPA. 2018 “Air Markets Data.” https://ampd.epa.gov/ampd/. Accessed on 17 November, 12 
2018. 13 
 14 
 15 

  16 



 

 67 

6.4 Transmission Investment Deferral 1 
While not currently included in transmission investment decisions, energy storage systems can 2 
be an alternative investment to transmission projects. Currently, generation, transmission, and 3 
reactive power devices can be used to meet transmission reliability standards, but energy storage 4 
is also a viable option. In this section, we examine and categorize the currently proposed 5 
transmission projects to place an upper bound on the amount of energy storage that can be used 6 
to defer or avoid transmission investments. This review provides an indication of the 7 
possibilities; we do not have access to the models and data required to perform targeted 8 
quantitative analysis to derive net benefit estimates for particular transmission deferral projects 9 
in particular locations.  10 

The majority of transmission expansion or upgrade projects are built to ensure compliance with 11 
NERC TPL-001-4 transmission planning standards (NERC, 2014). Transmission operators 12 
adhere to the TPL-001-4 standards, which state the allowed responses to various contingencies 13 
(i.e., generator and transmissions outages) on the grid. These contingencies are based on 14 
planning models of the transmission system with future demand scenarios to ensure continued 15 
compliance. When these models show violations, projects - particularly transmission projects - 16 
are considered to address these violations.  17 

6.4.1 Methods for Analysis 18 

Our analysis seeks to bound the total cost of transmission projects to which energy storage could 19 
contribute.  Since there is insufficient publicly available data to run the same transmission 20 
planning models and scenarios to assess the violations seen in these scenarios, we rely on the NC 21 
Transmission Planning Collaborative’s (NCTPC) list of projects and the explanations of need for 22 
the projects (NC Transmission Collaborative, 2017). This list describes projects that reflect the 23 
requirements of the NC system and where transmission is the best alternative given available 24 
options absent energy storage.  25 

This list of projects does not give us enough specificity to determine the required energy storage 26 
capacity, or its value relative to other investment alternatives. However, we can qualitatively 27 
analyze whether in principle an energy storage could be applicable for a given project. The result 28 
gives an upper bound for the potential benefit of energy storage, assuming it can be used to meet 29 
the reliability standard. Given that transmission projects are on the order of tens of millions of 30 
dollars, there is potential for energy storage to serve as a cost-effective alternative. We note that 31 
the value of these transmission projects is not equivalent to the value of storage, but instead the 32 
cost of an alternative to storage. 33 

New transmission investment is determined by the lowest cost options to address a reliability 34 
issue, which is frequently a thermal or voltage issue in the event of generator or transmission 35 
outages. To determine whether the new project addresses these issues, they are typically included 36 
in a power flow simulation of the system under these contingency conditions. To determine 37 
whether these issues could be relieved with a storage project, a storage model would need to be 38 
included in this power flow analysis. Additionally, to determine the sizing of the energy storage 39 
system, contingency and system operating statistics related to the duration of the contingency 40 
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event (i.e., mean time to repair and duration of load level) need to be considered to ensure that 1 
the storage project is sufficient to ensure reliability. 2 

6.4.2  Analysis of Transmission projects 3 

Descriptions of the proposed transmission projects are shown in Table 6.4.1 and the potential 4 
applicability of energy storage to these projects is explained in Table 6.4.2. For each 5 
transmission project, we indicate whether storage can be considered as an alternative to the 6 
transmission project to address the reliability issue in the planning models. Indicating that a 7 
transmission project could potentially be replaced by energy storage does not mean that storage 8 
will be cost-effective or even that energy storage can solve that exact issue in the required power 9 
flow study. However, the number of projects in which energy storage could be considered as an 10 
investment alternative sets an upper bound on the benefit that storage could yield. The energy 11 
storage required cannot be sized based on this data, so the cost of these projects cannot be 12 
determined and therefore the net value of energy storage as a solution cannot be given. Figure 13 
6.4.3 shows that the total cost of transmission projects which storage could be a potential 14 
alterative is $283M of the $425M in projects that are proposed.  15 

6.4.3  Applicable Storage Technologies 16 

In general, storage technologies with large capacities and several hours of duration are required 17 
to meet the overload potential of transmission in contingency situations and ensure reliability 18 
until the contingency has been cleared (e.g., generators brought online, transmission back in 19 
service, load conditions change). While some high capacity, long duration storage technologies 20 
such as pumped hydro and CAES could be used, in practice their applicability is highly 21 
constrained geographically. Batteries are the most likely candidate to provide this service.  22 

 23 

 24 

 25 

 26 

 27 
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Table 6.4.1 Table of proposed transmission projects with narratives and reasons for investment from NC Transmission Planning 
Collaborative (NC Transmission Collaborative, 2017). 

ID Reliability Project Needs Narrative Description Why is this the preferred 
solution? 

NERC Category 

24 Durham - RTP 230 
kV Line, 
Reconductor 

With Harris Plant down, 
a common tower 
outage of the Method - 
(DPC) East Durham and 
the Durham - Method 
230 kV Lines will cause 
an overload of the 
Durham 500 kV Sub - 
RTP 230 kV Switching 
Station Line. 
  

Reconductor approximately 10 miles of 
230 kV line with 6-1590 ACSR conductor. 

Cost and feasibility. 
Reconductoring is much 
more cost effective. 

P3 Violation 

28 Brunswick #1 – 
Jacksonville 230 kV 
Line Loop-In to 
Folkstone 230 kV 
substation 

This project is needed 
to alleviate loading on 
the Castle Hayne-
Folkstone 115 kV Line 
under the contingency 
of losing Castle Hayne-
Folkstone 230 kV Line. 

Loop existing Brunswick Plant Unit 1 – 
Jacksonville 230 kV Line into the 
Folkstone 230 kV Substation. Also 
convert the Folkstone 230 kV bus 
configuration to breaker-and-one-half by 
installing three (3) new 230 kV breakers. 

The selected project fixes 
additional transmission 
contingencies that the 
alternate solution does 
not. 

P1 Violation 

30 Raeford 230 kV 
Substation, Loop-in 
Richmond - Ft Bragg 
Woodruff St 230 kV 
Line and Add 3rd 
Bank 

By 2018, with a 
Brunswick Unit down, 
loss of the common 
tower Fayetteville – 
Rockingham 230 kV and 
Fayetteville – Raeford 
230 kV Lines may cause 
the Weatherspoon – 
Raeford 115 kV Line to 
overload. In addition, 
by 2018, the N-1-1 

This project will require the loop-in of the 
Richmond – Ft. Bragg Woodruff St. 230 
kV Line into the Raeford 230kV 
Substation and add a 300 MVA 
230/115kV transformer. 

Arabia substation had a 
higher cost and did not 
mitigate other 
contingencies of concern. 

NERC Category 
P5 Violation 
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contingency of losing 
both of the Raeford 
230/115 kV, 200 MVA 
transformers at the 
Raeford 230 kV 
Substation may 
overload the Laurinburg 
- Raeford 115 kV Line. 
This project will 
mitigate each of these 
contingencies. 
  

31 Jacksonville - Grants 
Creek 230 kV Line 
and Grants Creek 
230/115 kV 
Substation 

The common tower 
outage of Jacksonville – 
Havelock 230 kV Line 
and Jacksonville – 
Jacksonville City 115 kV 
Line may cause the 
voltages in the Camp 
Lejeune area to fall 
below the planning 
criteria. Also, outage of 
the Jacksonville - New 
Bern 230 kV Line may 
cause the Havelock- 
Jacksonville 230 kV to 
overload. 

The project scope consists of constructing 
a new 230 kV Line from Jacksonville 230 
kV to a new 230 kV substation in the 
Grants Creek area. The 230 kV line shall 
be constructed with 6-1590 MCM ACSR 
or equivalent and will convert the 
existing Jacksonville - Havelock 230 kV 
Line into Jacksonville - Grants Creek 230 
kV Line and Grants Creek - Havelock 230 
kV Line. The new 230 kV Grants Creek 
Substation will be built with 4-230 kV 
breakers, a new 230/115 kV transformer, 
and tap into the Jacksonville City - 
Harmon POD 115 kV Feeder with 1-115 
kV breaker. 

The alternate solution was 
determined to be 
infeasible due to routing 
challenges. 

P7 violation 
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32 Newport - Harlowe 
230 kV Line, 
Newport SS and 
Harlowe 230/115 kV 
Substation 

By summer 2020, an 
outage of the Havelock 
terminal of the 
Havelock - Morehead 
Wildwood 115 kV North 
Line will cause the 
voltages in the 
Havelock area to fall 
below planning criteria. 
The construction of this 
new line will mitigate 
this voltage problem. 

Construct new 230kV Switching Station in 
the Newport Area, construct new 230kV 
Substation in the Harlowe Area, and 
construct the Newport Area - Harlowe 
Area 230kV line comprised of 3- 1590 
MCM ACSR or equivalent. The Newport 
Area 230kV Switching Station will initially 
consist of a 3-breaker ring bus but should 
be laid out for future development as a 
standard 230/115 kV substation with 
breaker-and-a-half configuration in the 
230kV yard. The Harlowe Area 230kV 
Substation will initially consist of one 200 
MVA (or 300MVA), 230/115kV 
transformer and 3- 115kV breakers, and 
should be laid out for future 
development as a standard 230/115 kV 
substation with breaker-and-a-half 
configuration in the 230kV yard 

The cost and construction 
feasibility is much better 
with selected alternative: 
Convert Havelock-
Morehead Wildwood115 
kV North Line to 230 kV. 

P1 violation 

33 Fort Bragg Woodruff 
St 230 kV Sub, 
Replace 150 MVA 
230/115 kV 
Transformer with 
Two 300 MVA Banks 
& Reconductor 
Manchester 115 kV 
Feeder 

In 2016/17 winter, 
during peak load 
conditions, load on the 
Ft. Bragg Woodruff 
Street - Manchester 
115kV Feeder were 
projected to exceed the 
feeder capacity and the 
transformer bank rating 
at the Ft. Bragg 
Woodruff Street 230kV 
Substation. DEP worked 
with South River EMC 
and Central EMC to 
manage the loading on 

Replace the existing 150 MVA, 230/115 
kV transformer bank (three 1-phase & 
spare 50 MVA) at the Ft. Bragg Woodruff 
Street 230kV Substation with two 3-
phase 300 MVA, 230/115 kV 
transformers from Apex US#1 230kV 
Substation per Equipment Engineering. 
Two 115 kV circuit breakers with 
associated disconnect switches will be 
installed. Also reconductor the Ft. Bragg 
Woodruff Street - Manchester 115kV 
Feeder (4.42 miles) with 3-1590 MCM 
ACSR or equivalent. 

Cost and feasibility is much 
improved with selected 
alternative: Convert 115 
kV feeder to 230 kV. 

P1 violation 
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this feeder for several 
years and we jointly 
agreed that this was the 
best alternative to 
alleviate these issues. 

34 Sutton - Castle 
Hayne 115 kV North 
Line - Rebuild 

By 2019, with all area 
generation online, the 
loss of the Sutton Plant 
- Castle Hayne 115 kV 
South Line will cause 
the Sutton Plant - Castle 
Hayne 115 kV North 
Line to exceed its 
thermal rating. 

This project consists of rebuilding the 
Sutton Plant – Castle Hayne 115 kV North 
Line using 1272 MCM ACSR conductor or 
equivalent (approximately 8 miles). The 
line traps at both Sutton and Castle 
Hayne terminals will be removed in 
conjunction with the installation of 
OPGW. The 800A current transformers at 
both line terminals will have to be 
uprated as part of this project. The 
thermal rating of this line will then be 
limited to 239 MVA due to the 1200 A 
disconnects at both terminals.  

Cost and feasibility is much 
improved with selected 
alternative: Convert 115 
kV feeder to 230 kV. 

P1 violation 

36 Asheville Plant, 
Replace 2-300 MVA 
230/115 kV Banks 
with 2-400 MVA 
Banks, Reconductor 
115 kV Ties to 
Switchyard, Upgrade 
Breakers, and Add 
230 kV Capacitor 
Bank 

  This project consists of upgrading 
Asheville Plant to interconnect two 
combined cycle units. The project 
includes upgrading the existing 230/115 
kV transformers to 400 MVA each, 
reconductoring the 115 kV north and 
south transformer tie lines, replacing 
breakers, and adding a 230 kV capacitor 
bank. 

There was no feasible 
alternative 

P3 Violation 

37 Cane River 230 kV 
Substation, 
Construct 150 MVAR 
SVC 

  This project consists of upgrading Cane 
River 230 kV Substation by adding a 150 
MVAR 230 kV static VAR compensator 
(SVC). 

It was determined that 
construction new 
interconnections was not 
feasible. 

Category B 
violation 
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39 Asheboro-Asheboro 
East 115kV North 
Line Reconductor 

  This project consists of 
rebuilding/reconductoring approximately 
6.5 miles of the existing 115kV line using 
3-1590 or equivalent conductor. This 
project requires the replacement of 
disconnect switches at Asheboro 230kV 
and the replacement of the breaker, the 
disconnect switches, and the 115 kV east 
bus at Asheboro East 115kV associated 
with this line. Both ends of the line will 
also require CT/metering equipment 
upgrades such that they are not the limit 
to the line rating. The upgraded 
equipment for this line should be 2000 
amp minimum. 

Cost and Feasibility P3 Violation 

38 Harley 100 kV Lines 
(Tiger -Campobello) 
Reconductor 

Under high levels of 
transfer to CPLW, these 
lines may become 
overloaded because 
they are on one of the 
two 100 kV paths that 
connect DEC to CPLW. 

This project consists of rebuilding 11.8 
miles of the existing 336 ACSR conductor 
with 1158 ACSS/TW 

New transmission line(s) 
would require additional 
right-of-way, adding to the 
cost of the project 

P7 Violation 

40 Delco 230kV 
Substation, Convert 
to Double Breaker 

The conversion of the 
Delco 230kV bus 
scheme will improve 
system reliability and 
thereby reduce 
interruption exposure 
to the customers in the 
area in case of an 
event; while 
maintaining compliance 
with NERC Transmission 
Planning Standards. 

This project consists of relocating the 
Cumberland and Brunswick Plant East 
230kV Line Terminals, converting the 
Sutton Plant 230kV Terminal and 
Brunswick Plant 230kV West Terminal to 
a double breaker scheme, and converting 
the Cumberland 230kV Terminal and 
Brunswick Plant 230kV East Terminal to a 
double breaker scheme. 

There is no feasible 
alternative 

P4 Violation 
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41 Castle Hayne 230kV 
Substation, Convert 
to Double Breaker 

The conversion of the 
Castle Hayne 230kV bus 
scheme will improve 
system reliability and 
thereby reduce 
interruption exposure 
to the customers in the 
area in case of an 
event, while 
maintaining compliance 
with NERC Transmission 
Planning Standards. 

This project consists of relocating the 
Sutton Plant 230kV and Folkstone 230kV 
Line Terminals, converting the new 
Folkstone 230kV Terminal and 
Wilmington Corning 230kV Terminal to a 
double breaker scheme, and converting 
the new Sutton Plant 230kV Terminal and 
Brunswick Plant Unit 1 230kV Terminal to 
a double breaker scheme. 

There is no feasible 
alternative 

P4 Violation 

42 Rural Hall 100 kV, 
Install SVC 

Installation of a SVC at 
Rural Hall will mitigate 
voltage concerns driven 
by certain contingency 
conditions in DEC 

This project consists of installing a -
100/+300 MVAR SVC at Rural Hall 100 kV. 

Solution can be 
implemented quicker than 
new generation and at a 
lower cost. 

- 

43 230/100 kV Tie 
Station, Catawba 
County NC 

The installation of this 
new 230/100 kV tie 
station will provide 
greater ability to meet 
local load growth and 
maintain compliance 
with NERC Transmission 
Planning Standards. 

This project consists of installing a 
230/100 kV tie station in Catawba 
County, NC. 

Ability to meet local load 
growth. 

- 
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Table 6.4.2 Proposed transmission projects and potential for storage as alternative. 

ID Reliability Project Owner Projected In-
Service Date 

Estimated Cost 
($M) 

Lead Time 
(years) 

Storage 
Applicability 

Reason 

24 Durham - RTP 230 
kV Line, 
Reconductor 

DEP TBD 15 4 Potentially 
Applicable 

Storage could 
potentially alleviate 
some of the capacity 
limits for limited time 
in the case of Harris 
outage. However, this 
applicability of 
storage would require 
modeling of the 
duration of conditions 
which would cause 
line overload during 
the contingency 
event. 
  

28 Brunswick #1 – 
Jacksonville 230 kV 
Line Loop-In to 
Folkstone 230 kV 
substation 

DEP 6/1/2024 14 4 Potentially 
Applicable 

Storage could 
alleviate the need for 
new substation for N-
1 contingency event. 
storage has ability to 
provide power 
injection for limited 
period of time until 
contingency is 
resolved or load 
condition changes. To 
better understand 
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applicability of 
storage to 
contingency, studies 
would need to 
examine effect on 
other contingencies 
the current 
alternative fixes as 
well as study of time 
to repair and load 
conditions that would 
cause violation. 
  

30 Raeford 230 kV 
Substation, Loop-in 
Richmond - Ft Bragg 
Woodruff St 230 kV 
Line and Add 3rd 
Bank 

DEP 6/1/2018 15 1 Potentially 
Applicable 

Post-contingency, 
battery could be used 
to provide local 
generation until load 
fell below where low 
voltage conditions 
exist. The applicability 
of energy storage 
depends on whether 
condition is expected 
to occur at peak or 
off-peak conditions 
and mean time to 
repair of line. 
  

31 Jacksonville - Grants 
Creek 230 kV Line 
and Grants Creek 

DEP 6/1/2020 51   Potentially 
Applicable 

Storage could limit 
need for additional 
lines and upgraded 
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230/115 kV 
Substation 

substation. Storage 
could limit the 
thermal overload on 
the line for duration 
of contingency. 

32 Newport - Harlowe 
230 kV Line, 
Newport SS and 
Harlowe 230/115 kV 
Substation 

DEP 6/1/2020 70 2 Potentially 
Applicable 

Post-contingency, 
battery could be used 
to provide local 
generation until load 
fell below where low 
voltage conditions 
exist. The applicability 
of energy storage 
depends on whether 
condition is expected 
to occur at peak or 
off-peak conditions 
and mean time to 
repair of line.  

33 Fort Bragg Woodruff 
St 230 kV Sub, 
Replace 150 MVA 
230/115 kV 
Transformer with 
Two 300 MVA Banks 
& Reconductor 
Manchester 115 kV 
Feeder 

DEP 2/24/2017 19 - Potentially 
Applicable 

Storage could provide 
backup power to 
reduce load on 
transformer during 
contingency event  

34 Sutton - Castle 
Hayne 115 kV North 
Line - Rebuild 

DEP 6/1/2019 11   Potentially 
Applicable 

Storage projects 
could be considered 
as an alternative to 
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transmission projects 
to reduce the thermal 
load on the 115 kV 
line around the 
Sutton-Castle Hayne 
generators.  
  

36 Asheville Plant, 
Replace 2-300 MVA 
230/115 kV Banks 
with 2-400 MVA 
Banks, Reconductor 
115 kV Ties to 
Switchyard, Upgrade 
Breakers, and Add 
230 kV Capacitor 
Bank 

DEP 12/1/2019 40 2 Not Applicable Project is to 
interconnect 
generation.  

37 Cane River 230 kV 
Substation, 
Construct 150 MVAR 
SVC 

DEP 12/1/2019 42 2 Not Applicable Storage cannot 
provide reactive 
power as well as SVC.  

39 Asheboro-Asheboro 
East 115kV North 
Line Reconductor 

DEP 6/1/2019 12   Potentially 
Applicable 

Storage could 
potentially alleviate 
some of the capacity 
limits for limited time 
in the case of Harris 
outage. However, this 
applicability of 
storage would require 
modeling of the 
duration of conditions 
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which would cause 
line overload during 
the contingency 
event. 
  

38 Harley 100 kV Lines 
(Tiger -Campobello) 
Reconductor 

DEC 12/1/2021 18 3 Potentially 
Applicable 

Storage could be used 
to reduce overloads 
on line during times 
of high DEC to CPLW 
transfer. Storage has 
potential for benefits 
to avoiding additional 
generation need in 
highly constrained 
region. 
  

40 Delco 230kV 
Substation, Convert 
to Double Breaker 

DEP 6/1/2019 13 1.5 Potentially 
Applicable 

Energy storage could 
be used for reliability 
to reduce exposure of 
customers to 
reliability events. A 
local source of power 
injections for limited 
periods of time can 
alleviate concerns 
with these high 
impact, low 
probability events. 
  



 

 80 

41 Castle Hayne 230kV 
Substation, Convert 
to Double Breaker 

DEC 6/1/2019 10 1.5 Not Applicable Stuck breaker failing 
to clear fault is 
unlikely to be 
alleviated by storage  

42 Rural Hall 100 kV, 
Install SVC 

DEC 6/1/2020 50 2 Not 
Applicable 

Storage could be used 
for voltage support 
for system reliability 
events as alternative 
to SVC with added 
benefit of real power 
control as well. 
  

43 230/100 kV Tie 
Station, Catawba 
County NC 

DEC 12/1/2021 45 2.5 Potentially 
Applicable 

Storage can provide 
some relief for peak 
load and high 
transmission capacity 
periods. Further 
comparison of the 
expectation of load 
growth and level of 
transmission capacity 
that is exceeded in 
those cases.  

 

Table 6.4.3 Summary of transmission project costs by potential for energy storage as alternative 

Storage Alternative Potential Number of Projects Cost ($M) 
Not Applicable 4 142 
Potentially Applicable 11 283 
Total 15 425 
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6.5 Bulk Energy Time Shifting and Peak Capacity Deferral 
The goal associated with this part of the study is to evaluate how storage can contribute to two 
related applications. First, storage can be used to reduce peak system-wide demand, which can 
reduce or eliminate the costs associated with constructing new peaking generation units. Second, 
storage can be charged during low demand periods and discharged during high demand periods, 
thus producing bulk shifts in electricity supply that flatten the demand curve and reduce overall 
system costs. 
 
6.5.1  Peak Generation Capacity Deferral 
In electric power systems, the balance between supply and demand has to be maintained at all 
times to ensure reliable service. Therefore, it is critical for utilities to secure adequate generation 
capacity to serve the peak system load plus an adequate reserve margin to account for load 
forecast errors and generator outages. The high demand on the system, however, occurs in only a 
few hours per year but can be a significant driver of total costs. Generation capacity must be built 
to provide service for these short periods during each year and generators used only during peak 
load conditions typically have the high marginal costs.  
 
Figure 6.5.1 provides a stylized illustration of the future power generation capacity that would 
potentially be needed to satisfy the system’s forecasted peak load and the necessary reserve 
margin in a capacity expansion study. This figure, termed a load duration curve, shows hourly 
demand over one year sorted from highest to lowest.  With load growth, the demand profile 
shifts up and the current generation capacity of the system cannot meet the peak demand.  This 
means that new generation capacity would need to be added in the system to ensure future 
reliable operations. 

 
Figure 6.5.1. Basic illustration of generation capacity needed to reliably meet future peak loads. 
Elements in red represent the existing system parameters, elements in blue represents future 
projections and the difference between future and existing generation capacity represents the 
additional generation capacity required to satisfy the projected peak load 
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Reducing peak electricity demand can eliminate the need for new power generation, thereby 
reducing the system-wide costs associated generation investments and cost reductions for 
consumers. Energy storage technologies can be operated to meet this peak demand, eliminating 
the need for new investments in generation capacity that have low utilization rates. 
 
6.5.2  Bulk Energy Time Shifting 
The system-wide cost of generation varies throughout the day, with off-peak hours typically 
incurring marginal costs far lower than those during on-peak hours.  Energy storage can charge 
during low-cost off-peak hours and discharge during higher cost on-peak hours, reducing the 
system-wide operational costs.  We term this application “bulk energy time shifting.”  
 
Figure 6.5.2 illustrates the demand profile of a hypothetical system with and without energy 
storage. Note that cheaper electricity is used during off-peak demand periods to charge the 
energy storage. During peak hours the energy storage technologies are discharged to satisfy a 
portion of the system’s electricity demand. Assuming that the value of the difference in marginal 
costs is sufficient, this application for energy storage would reduce overall costs and displace the 
need for using expensive generation resources that would be required in the absence of storage. 
 

 
Figure 6.5.2. Demand profile with and without energy storage.  
 
While generation capacity deferral applications of energy storage provides system value by 
displacing the need for more capacity (MW) of new generation, bulk energy time shifting 
applications provide value by shifting the timing of energy generation (MWh) to lower cost 
options.  While these are two distinct value streams, in practice, one energy storage system can 
provide both services.  By discharging stored energy during peak hours, the energy storage 
system could reduce both system energy costs and the need to additional generation capacity.  In 
our analysis, we model the operation of energy storage to provide both of these services and 
recognize both value streams.   
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6.5.3  Modeling Approach 
For the purpose of this portion of the study, we use an energy system optimization model called 
Tools for Energy Modeling and Optimization Analysis – Temoa (Hunter et al., 2013). Temoa is 
used for two purposes: capacity expansion planning and operational dispatch analysis. Temoa is 
an open source, bottom-up energy system optimization model, similar to other models such as 
MARKAL/TIMES (IEA, 2004), OSeMOSYS (Howells et al., 2011) and MESSAGE (IIASA, 
2011). Recent work that employs Temoa to large scale systems can be found in Eshraghi et al. 
(2018), where the authors analyze the US energy system in the absence of climate policy. 
 
Temoa uses linear optimization to define the least-cost pathway for energy system development. 
The model objective function minimizes the system-wide present cost of energy provision over a 
user-specified time horizon by optimizing the installation and utilization of energy technologies 
across the system. Technologies in Temoa are explicitly defined by a set of engineering-
economic parameters (e.g., capital costs, operations, fuel and maintenance costs, conversion 
efficiencies) and are linked together in an energy system network through a flow of energy 
commodities. Model constraints enforce rules governing energy system performance, and user-
defined constraints can be added to represent limits on technology expansion, fuel availability, 
and system-wide emissions. The model formulation is detailed in (Hunter et al., 2013) and the 
Temoa source code is freely available on Github (https://github.com/TemoaProject). As the 
model formulation tends to evolve over time, the revised model documentation can be found on 
the project website (http://temoaproject.org/).  
 
Recent model formulation enhancements in Temoa, including the definition of flow balance 
constraints for storage devices and ramping constraints for power generators, allow us to perform 
economic dispatch analysis (operational analysis) in addition to the overall capacity expansion 
analysis. We use Temoa to determine the power generation dispatch with an hourly resolution 
over the course of one year. More details about this process are described in the following 
sections. 
 
Generation Build Outs Based on Capacity Expansion Studies 
In the capacity expansion analysis, we determine the least cost build plans of generation 
technologies needed to meet future demand, with a study period of 2017 through 2030.  The 
analysis horizon is defined from 2017 to 2030, with a total of  four decision periods (2017, 2020, 
2025 and 2030). In 2017, no new investments are allowed in generation capacity to reflect a 
precise representation of the existing system. Temoa represents intra-annual variations in energy 
supply and end-use demands by dividing one year into a limited number of time slices that 
represent combinations of different seasons and times-of-day. During the representative year, the 
model optimizes the supply to meet demand in each time slice. 
 
For the purpose of the combined analysis of generation capacity deferral and bulk energy time 
shifting, we consider a set of seven distinct scenarios that represent different capacity expansion 
plans for the system in analysis. Summarized descriptions of each one of the investigated 
scenarios are presented in Table 6.5.1. 
 
Table 6.5.1. Summary of capacity expansion scenarios used to define 2030 build out plans 
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Capacity Expansion 
Scenario 

Brief Description 

S01 Base Case This scenario includes base case assumptions for fuel prices 
from the Annual Energy Outlook (EIA, 2018a), capital cost 
assumptions from the NREL Annual Technology Baseline 
(NREL, 2018). We represent the service territory of Duke 
Energy Carolinas (DEC) and Duke Energy Progress (DEP) in 
North Carolina and South Carolina. We represent electricity 
demand from 2017 from (EIA, 2018b) and consider an annual 
increase in load of 1.2% until 2030. We represent power 
interchanges among adjacent regions and data is also obtained 
from (EIA, 2018b), which are held constant until 2030. 
Existing generators are represented at the plant level and costs, 
efficiencies, capacities, ramping and other characteristics were 
obtained from EIA (2018c) and EIA (2018d). We assume 6.8 
GW of total solar photovoltaic (PV) generation in the system 
to be deployed until 2022, consistent with HB589.  This 
scenario complies with the current renewable energy and 
energy efficiency targets of 12.5% by 2021. 

S02 Duke 2018 Integrated 
Resources Plan (IRP) 

In this scenario, we do not optimize the capacity expansion 
using Temoa.  Instead, we assume the generation capacity used 
in the base case of Duke Energy’s most recent Integrated 
Resources Plan. 

S03 Expanded Renewable 
Energy and Energy 
Efficiency Portfolio 
Standard (REPS) 

In this scenario, we assume an expanded REPS, in which a 
minimum of 40% of North Carolina’s retail sales by renewable 
energy sources by 2030.  This target increases linearly between 
2018 and 2030. 

S04 Clean Energy 
Standard (CES) 

In this scenario, we assume that 60% of North Carolina’s retail 
sales of electricity must be met by carbon-free or low carbon 
sources, including nuclear, coal with carbon sequestration, 
solar, wind, and hydro. 

S05 Carbon Cap In this scenario we limit CO2 emissions to a level based on a 
statement from the Duke’s 2017 Climate Report to 
Shareholders, which achieves a 40% reduction of 2005 CO2 
emissions levels by 2030. 

S06 High Natural Gas 
Prices  

In this scenario, we assume the high natural gas projections 
from the Annual Energy Outlook from 2018 (EIA, 2018a). 
Where the cost for natural gas is $7.58/MMBtu, representing 
an 89% increase over the base values in 2030. 

S07 High Electric Vehicle 
Penetration 

In this scenario, we assume that 25% of vehicle miles traveled 
in 2030 in North Carolina will be by electric vehicles (EVs).  
We assume a total of 116 billion vehicle miles traveled per 
year in NC (US DOT, 2016) and use an estimate of 4 
miles/kWh as the electricity consumption for EVs 
(CleanTechnica, 2018). This will add to 7.3 TWh per year of 
demand for EVs by 2030. To represent the daily charging 
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profiles, we use data from 300 EVs from Muratori (2018) over 
the course of one year and scale the average hourly charging to 
yield the system-wide total. In the final report, we also include 
a second scenario with a modified charging profile that avoids 
vehicle charging during peak hours. 

 
Figure 6.5.3 provides a flow chart of the use of Temoa to determine the capacity expansion build 
out plans for each of the analysis scenarios. 
 

 
Figure 6.5.3. Illustration that depicts the process to run Temoa as a capacity expansion model. 

 
The capacity expansion version of Temoa designed for this study considers the representation of 
a demand profile for an average day in each of four seasons. Within each representative year a 
total of 96 time slices (24 per season) are represented to be optimized by the model. The spring 
season is defined here from March through May, summer from June through August, autumn 
from September through November, and winter from December through February.  
 
Operational Dispatch Analysis 
After determining the optimal build plans for new capacity, we utilize the operational version of 
Temoa to optimize power system operational dispatch. At this stage, only operational decisions 
associated with existing and planned capacity, as determined by the capacity expansion analysis, 
can be optimized in order to minimize cost. In addition, for this operational analysis, we increase 
the temporal resolution to 8760 hours/year to better capture hourly power system behavior 
throughout the year. Figure 6.5.4 provides a flow chart that outlines how hourly operations are 
determined for each of the generation build out plans. 
 

Analysis 
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(Capacity Expansion) …
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Figure 6.5.4. Illustration that depicts the process to run Temoa as operational dispatch model. 
 
For each scenario, we first model the results with no energy storage to determine baseline 
operations, allowing us to isolate the impacts associated with the introduction of energy storage.  
This results in a total of seven modeling runs (one for each scenario defined by the capacity 
expansion study, listed in Table 6.5.1) without energy storage.  These results provide us with 
baseline information on the least cost operation of the grid in the absence of energy storage.   
 
Introduction of Energy Storage in Operational Dispatch Studies 
Once the initial operational dispatch runs for each generation build-out are performed, another 
set of operational runs are necessary to evaluate the benefits of storage in the system. In the 
second set of operational model runs we introduce energy storage (of different sizes, duration 
and technologies) to evaluate changes to the power dispatch and determine the optimal energy 
storage charge and discharge decisions that satisfy the system demand at minimum operational 
cost. We note that energy storage deployment is not defined by the capacity expansion analysis, 
but exogenously added to the operational model to analyze its performance across a wide range 
of adoption rates and design configurations.  
 
Table 6.5.2 presents the set of duration and power output that we consider in this analysis. The 
storage configuration name (e.g., S-1GW/1GWh) includes both the power rating (GW) and 
energy storage capability (GWh). Each storage technology that will be considered in this part of 
the study will assume the same configurations in terms of Power/Duration as defined on Table 2. 
Therefore, for each run, it is assumed a fixed duration (energy to power ratio) and efficiency.  
 
Table 6.5.2: Summary of the storage configurations  
Power/Duration 1 hour 2 hours 4 hours 

1 GW S-1GW/1GWh S-1GW/2GWh S-1GW/4GWh 
3 GW S-3GW/3GWh S-3GW/6GWh S-3GW/12GWh 
5 GW S-5GW/5GWh S-5GW/10GWh S-5GW/20GWh 
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For each of the power generation plans determined by the capacity expansion model, we perform 
a total of 10 operational model runs for each energy storage technology considered (i.e., those 
listed in Table 6.5.2 and a case without storage).   Here the letter “S” will correspond to the 
energy storage technology acronym, e.g., in the case of lithium-ion batteries “S” will be 
substituted by “LI”. Thus a total of 70 operational model runs will be conducted for each energy 
storage technology considered for the purpose of the combined analysis of peak generation 
capacity deferral and bulk energy time shifting. 
 
For each of the energy storage configurations, the model determines the optimal charge and 
discharge decisions for storage to minimize system operational costs.  We then compare the total 
system operational costs with and without energy storage to determine the overall energy cost 
reductions.  In a system with energy storage, its operation would reduce or eliminate the 
operation of the most expensive generation resources, which were previously used to satisfy the 
peak load in the operational runs without energy storage. 
 
Finding Optimal Build-out Plans for Energy Storage 
After the operational runs are performed for a given combination of power generation capacity 
expansion plan, storage technology, and energy/power ratio, it is necessary to evaluate the costs 
and benefits to determine the cost-optimal build plans for energy storage. In this analysis, we 
consider the computation of two components that will be used to assess the benefits associated 
with the use of an energy storage device in power systems: net energy cost savings and capacity 
value.  
 
The energy costs savings are computed as the difference between the system-wide operational 
costs with and without energy storage. This computation is defined in (1): 
 

!"#
$ = &'() − &'#						∀- ∈ /$, ∀1 ∈ 2 (1) 

 
where we consider a set of storage technologies defined by 1 ∈ 2 and a set of storage 
configurations associated with technology 1 defined by - ∈ /$; &'() represents the total 
operational costs in ($/year) from the operational model run when the system does not consider 
storage and &'# represents the total dispatch costs in ($/year) from the operational model run 
when the system has storage under configuration -; !"#$  represents the energy savings in ($/year) 
for the system when considering storage technology 1 and storage configuration -. 
 
The capacity benefits for energy storage are computed using the average annual capacity value 
estimates from Sioshansi et al. (2014) and the cost of new entry for a natural gas combustion 
turbine power generator. This computation is defined in (2): 
 

'3#
$ = (!'5# × 5#	)'89!					∀- ∈ /$, ∀1 ∈ 2 (2) 

 
Where, '3#$ is the capacity value for energy storage considering technology 1 and configuration 
- in ($/year); !'5# is the capacity credit in (%) for storage configuration - defined as 41%, 56% 
and 75% for storage technologies of 1, 2 and 4 hours of duration from (Sioshansi et al., 2014); 5# 
is the power output capacity from storage configuration - in (kW); '89! is the cost of new entry 
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associated with a combustion turbine gas generator in ($/kW×year). The '89! adopted here 
follows the methodology used by PJM (Newell et al., 2018), and represents the total capital 
investment and fixed costs of a new generation resource that is used as backup capacity and, 
therefore, does not include any variable costs.  
 
The total benefits of deploying storage technology 1 considering configuration - can be defined 
using (3):  
 

":#
$ = !"#

$ + '3#
$					∀- ∈ /$, ∀1 ∈ 2 (3) 

 
The values of ":#$  in ($/year) are then compared with the yearly revenue requirements for the 
storage technology included in the accompanying spreadsheet. While we analyze the benefits of 
each technology and configuration separately, we aim to identify among the various options 
which of the alternatives provides the largest net benefits to the system. Therefore, Equation (4) 
identifies, for each technology, which configuration provides the largest benefits to the system: 
 

max?":#
$ − @'A5# × BB#

$CD 
 

(04) 

Where BB#$  is the revenue requirement in ($/kW-year) for configuration - and technology 1. 
 
6.5.4  Results and Discussion 
 
Power Generation Installed Capacities 
The installed generation capacity for the base case in each representative year from the analysis 
horizon is reported in Figure 6.5.5. We observe an increase in the installed solar PV capacity 
from 3.6 GW in 2017 to 16.6 GW in 2030.  Over the same period, natural gas capacity increases 
from 16.4 GW to 18.0 GW in 2030, coal capacity decreases by 31% going from 16.4 GW to 11.4 
GW; nuclear capacity drops 0.7 GW; and hydro power capacity remains constant.  
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Figure 6.5.5. Power generation installed capacity per technology in the base case. 
 
Figure 6.5.6 shows the 2030 results for the seven capacity expansion scenarios described in 
Table 6.5.1. The biggest differences in the results are driven by a tradeoff between solar PV and 
natural gas. For the Expanded REPS and Carbon Cap scenarios, we see a substantial increase in 
solar PV, increasing from 16.6 GW in the base case to 27.6 GW and 22.1 GW, respectively, 
while natural gas capacity drops slightly in both scenarios (-0.6 GW and -0.3GW, respectively).  
The other scenarios (Duke IRP, Clean Energy Standard, High Natural Gas Price, and Electric 
Vehicles) have installed generation portfolios in 2030 similar to the base case.  Note that Figures 
6.5.5 and 6.5.6 show the generation capacity that is built in each scenario;  the energy generation 
across these system configurations can vary greatly.    
 

 
Figure 6.5.6. Installed generation capacity in 2030 across the seven modeled scenarios. 
 
Power Generation Operational Dispatch 
The power generation capacities defined by the Temoa capacity expansion runs in each analysis 
scenario up to 2030 are “locked in” for the operational dispatch analysis, which is discussed in 
this section. Figure 6.5.7 presents the operational dispatch results for the base case considering 
runs without the addition of new energy storage technology (NS), with the addition of 1 GW and 
1 hour of duration lithium-ion battery (LI-1GW/1GWh), with the addition of 1 GW and 2 hours 
of duration lithium-ion battery (LI-1GW/2GWh), and with the addition of 1 GW and 4 hours of 
duration lithium-ion battery (LI-1GW/4GWh). Even though we obtain results for all the 8760 
hours of the year, the results here are plotted with respect to the peak day in each of the four 
seasons. We note that as the duration of energy storage increases in the system, the technology is 
more utilized and displaces mostly natural gas CT generation during times when the system has a 
high demand and solar generation is not available. Results for operational dispatches considering 
Lithium-Ion batteries of 3 GW and 5GW for the same peak demand days can be found in 
Appendix 6A. 
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The results observed for the peak days can also be interpreted in a similar way for the other days 
of the year, where energy storage helps by shifting electricity supply in time in a way that 
reduces operational costs.  
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Figure 6.5.7. Hourly generation dispatch for the peak day in each season in the base case. The 
following configurations are plotted: a) NS, b) LI-1GW/1GWh, c) LI-1GW/2GWh and d) LI-
1GW/4GWh.  
 
Assessing Capacity Benefits for Energy Storage 
We compute the energy savings for each operational model run, with the results reported in 
Table 6.5.3.  As expected by the model design, energy storage is only utilized in a manner that 
decreases system costs.  Therefore, we observe energy cost savings for every battery 
configuration.   
 
Table 6.5.3. Operational dispatch costs and energy savings in the base case with lithium-ion 
batteries 

Analysis 
Scenario 

Operational Dispatch 
Simulation Case 

Operational Dispatch Total 
Costs (million $/year) 

Energy Savings 
(million $/year) 

Base Case 

S01: NS $12,043.1 - 
S01: LI-1GW/1GWh $12,025.8 $17.3 
S01: LI-1GW/2GWh $12,009.1 $34.0 
S01: LI-1GW/4GWh $11,979.6 $63.5 
S01: LI-3GW/3GWh $12,012.9 $30.2 
S01: LI-3GW/6GWh $11,969.0 $74.1 
S01: LI-3GW/12GWh $11,919.7 $123.4 
S01: LI-5GW/5GWh $12,029.6 $13.5 
S01: LI-5GW/10GWh $11,962.4 $80.7 
S01: LI-5GW/20GWh $11,863.9 $179.2 

 
Next we compute the capacity credit for each storage configuration based on the ECP values 
defined in Sioshansi et al. (2010). Table 6.5.4 shows the capacity credit for each storage 
configuration. The capacity credit for each storage configuration is obtained by computing 
!'5# × 5#. Using the computed capacity credit we estimate the capacity value in (million $/year) 
using (2) and a calculated CONE for natural gas combustion turbines of $113/kW×year.  
 
Table 6.5.4. Capacity credit for each energy storage configuration 
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Duration 
(hours) 

ECP 
(%) 

Capacity Credit (GW) Capacity Value 
(million $/year) 

1GW 3GW 5GW 1GW 3GW 5GW 
1.0 41% 0.41 1.23 2.05 46.3 139.0 231.7 
2.0 56% 0.56 1.68 2.8 63.3 189.8 316.4 
4.0 75% 0.75 2.25 3.75 84.8 254.3 423.8 

 
Once the energy savings and the capacity value are computed for each storage configuration, it is 
possible to calculate the total benefits of having storage deployed in the system using (3). Table 
6.5.5 presents the total benefits in (million $/year) for each configuration of lithium-ion storage 
deployment in the base case.  
 
Table 6.5.5. Total benefits from deploying lithium-ion battery storage in the base case 

Duration 
(hours) 

Total Benefits (million $/year) 
1GW 3GW 5GW 

1.0 63.7 169.2 245.2 
2.0 97.3 263.9 397.1 
4.0 148.2 377.6 603.0 

 
Next, we compute the total revenue requirements in ($/year) for each storage configuration using 
assumptions consistent with both 2018 and 2030 values. The total revenue requirements for each 
configuration are presented in Table 6.5.6. 
 
Table 6.5.6. Total revenue requirements for lithium-ion battery storage of different sizes 

  Total Revenue Requirements (million $/year) 

Duration 
(hours) 

EEF
G ($/kW-year) 2018 2030 

2018 2030 1GW 3GW 5GW 1GW 3GW 5GW 
1.0 178.6 74.0 178.6 535.8 893.0 74.0 222.1 370.2 
2.0 246.0 99.9 246.0 738.0 1230.0 99.9 299.7 499.5 
4.0 351.8 140.2 351.8 1055.4 1759.0 140.2 420.6 701.0 

 
We compare the total benefits presented in Table 6.5.5 with the total revenue requirements in 
from Table 6.5.6. With the base case assumptions, the 2018 costs associated with Li-ion batteries 
are not fully recovered through energy and capacity benefits.  Using 2030 assumptions, however, 
we observe energy storage configurations that approach or exceed cost parity.   
 
We are in the process of generating results for the other six scenarios and storage technologies, 
which will be included in the final report. Insights on the value of storage used to provide bulk 
energy time shifting and peak capacity deferral will be based on the full range of results. The 
final report will also include documentation of the input dataset used to run Temoa. 
 
 
 



 

 94 

References  
 
CleanTechnica, (2018) What are the most efficient Electric cars?, available at: 
https://cleantechnica.com/2018/06/30/what-are-the-most-efficient-electric-cars/  
 
EIA, (2018a) Annual Energy Outlook, available at: https://www.eia.gov/outlooks/aeo/  
 
EIA, (2018b) U.S. Electric System Operating Data tool, available at: 
https://www.eia.gov/realtime_grid/#/status?end=20181027T21  
 
EIA, (2018c) Form: Annual Electric Generator Data (EIA-860), available at: 
https://www.eia.gov/electricity/data/eia860/  
 
EIA, (2018d) Form: Electric Utility Data Survey (EIA-923), available at: 
https://www.eia.gov/electricity/data/eia923/  
 
Eshraghi, H., de Queiroz, A. R., & DeCarolis, J. F. (2018). US Energy-Related Greenhouse Gas 
Emissions in the Absence of Federal Climate Policy. Environmental science & technology, 
52(17), 9595-9604. 
 
Joseph, A., and Shahidehpour, M. (2006). Battery storage systems in electric power systems. In 
Power Engineering Society General Meeting, 2006. IEEE (pp. 8-pp).  
 
Muratori, M. (2018). Impact of uncoordinated plug-in electric vehicle charging on residential 
power demand. Nature Energy, 3(3), 193. Data source available at: 
https://catalog.data.gov/dataset/impact-of-uncoordinated-plug-in-electric-vehicle-charging-on-
residential-power-demand-supp-31006  
 
Newell, S. et al (2018) PJM Cost of New Entry Combustion Turbines and Combined-Cycle 
Plants with June 1, 2022 Online Date. The Brattle Group and Sargent & Lundy. 
 
NREL, (2018) Annual Technology Baseline (ATB), National Renewable Energy Laboratory, 
available at: https://atb.nrel.gov  
 
Roberts, B. P., & Sandberg, C. (2011). The role of energy storage in development of smart grids. 
Proceedings of the IEEE, 99(6), 1139-1144. 
 
IEA - International Energy Agency, (2004) Documentation for the MARKAL Family of 
Models.: Energy Technology Systems Analysis Programme, available at: 
http://www.etsap.org/documentation.asp 
 
IIASA - International Institute for Applied Systems Analysis, (2011) Energy Modeling 
Framework: Model for Energy Supply Strategy Alternatives and their General Environmental 
Impact (MESSAGE), http://www.iiasa.ac.at/Research/ENE/model/ message.html.  
 



 

 95 

Howells M. et al.; (2011) OSeMOSYS: the open source energy modeling system: an introduction 
to its ethos, structure and development. Energy Policy, 39:5850–70. DOI: 
10.1016/j.enpol.2011.06.033. 
 
Hunter, K., Sreepathi, S., DeCarolis J. F., (2013) Modeling for Insight Using Tools for Energy 
Model Optimization and Analysis (Temoa), Energy Economics, 40, 339-349, DOI: 
10.1016/j.eneco.2013.07.014. 
 
Sioshansi, R., Madaeni, S. H., & Denholm, P. (2014). A dynamic programming approach to 
estimate the capacity value of energy storage. IEEE Transactions on Power Systems, 29(1), 395-
403. 
 
US DOT, (2016) Highway Statistics, Policy and Governmental Affais – Office of Policy 
Information, available at: https://www.fhwa.dot.gov/policyinformation/statistics/2016/  
Appendix 6A:  Operational Model Dispatch Results  
 

 

 

 

0

5

10

15

20

25

30

35

40

45

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

SPRING SUMMER AUTUMN WINTER

E
le

c
tr

ic
it

y
 G

e
n

e
ra

ti
o

n
 [

G
W

h
]

0

5

10

15

20

25

30

35

40

45

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

SPRING SUMMER AUTUMN WINTER

E
le

c
tr

ic
it

y
 G

e
n

e
ra

ti
o

n
 [

G
W

h
]

0

5

10

15

20

25

30

35

40

45

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3 1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

SPRING SUMMER AUTUMN WINTER

E
le

c
tr

ic
it

y
 G

e
n

e
ra

ti
o

n
 [

G
W

h
]



 

 96 

 
Figure 1A. Hourly dispatch for the peak day in each season associated with the base case in the 
following configurations: NS, LI-3GW/3GWh, LI-3GW/6GWh and LI-3GW/12GWh.  
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Figure 2A. Hourly dispatch for the peak day in each season associated with the base case in the 
following configurations: NS, LI-5GW/5GWh, LI-5GW/10GWh and LI-5GW/20GWh.  
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6.6 Frequency Regulation 
In this part of the study, we investigate the performance and economics of using energy storage 
systems (ESS) to provide frequency regulation services.  

6.6.1  Frequency Regulation Services 

The operation of the electric power system needs to maintain continuous balance between 
generation and load. Frequency regulation is an important component of operating reserves used 
to maintain this balance. When load increases or decreases suddenly, system frequency will 
decrease or increase. The rate of frequency change depends on system inertia. During such a 
change, generator governors respond and adjust the generation to match the load changes in 
order to bring the system frequency to a new equilibrium point.  

To restore the system frequency to its nominal value (i.e., 60 Hz in the U.S.) and to maintain tie-
line power flows between different control areas at scheduled values, frequency regulation is 
performed, consisting of small increases (i.e., regulation up) and decreases (i.e., regulation 
down) in power output by participating resources (Leitermann, 2012). In general, the frequency 
regulation signal is generated from a designed controller with the Area Control Error (ACE) as 
the controller input and usually updated every 2-10 seconds. Figure 6.6.1 provides an example of 
ACE signals in NY-ISO, its corresponding probability density function (PDF) over one week, 
the NY-ISO regulation signal, and PJM RegD signal.  

 

                                       (a)                                                                      (b) 

 

                                         (c)                                                                    (d) 

Figure 6.6.1. Illustrative data related to frequency regulation. (a) The NY-ISO ACE signal (June, 
2017); (b) corresponding PDF of NY-ISO ACE over one week; (c) one hour NY-ISO regulation 
signal; and (d) one hour PJM RegD signal (PJM, 2018; NYISO, 2018). 
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Derived from ACE signals, regulation signals usually bear the same characteristics as the ACE 
signals. As shown in Figure 6.6.1b, although the mean value of the ACE signal is very close to 
zero in a window of 24-hour, it can have a large bias over a given period of time (e.g., between 
hour 25 and 30 in Figure 6.6.1a).The regulation signals are always proportionally scaled with 
respect to the capacity of participating units, which are in the range of	[−1,1],  as shown in 
Figure 6.6.1c-d. 

The main reasons for performing regulation are to maintain the grid frequency and to comply 
with the North American Electric Reliability Council (NERC) Control Performance Standards 1 
and 2 (CPS1 and CPS2) (NERC, 2008). These two standards require the minimum control level 
for ACE in each control area so that areas manage their own load changes. CPS1 requires that 
the ACE for a control area be in the direction to bring the frequency back towards its scheduled 
value, at least a certain fraction of the time. CPS2 limits the average value of ACE over each 10-
minute period for each area, to ensure that the total load-generation imbalance for the area does 
not tend to be too large in magnitude. 

6.6.2  Needs for Fast Frequency Services Provided by Energy Storage Systems 

When the amount of renewable generation increases, the need for regulation and load following 
services will increase. In December 2010, ISO-NE released the final report of its New England 
Wind Integration Study (ISO-NE, 2010). The study assessed a number of growth scenarios for 
wind in New England up to year 2020, and the potential impacts on the ISO-NE power grid. As 
shown in Figure 6.6.2, the study identified a need for an increase in the regulation requirement 
even in the lowest wind penetration scenario (2.5% wind energy), and the requirement would 
have noticeable increases for higher penetration levels. For example, the regulation requirement 
increases to 161 MW in the 9% wind energy scenario (about 4000 MW of wind), and to as high 
as 313 MW in the 20% scenario (8000-10000 MW). 

 

Figure 6.6.2. Duration curves of estimated hourly regulation requirements for load and selected 
wind scenarios. 
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Traditionally, regulation services are provided by generators. Providing regulation services 
reduces generator lifetime because of the significant wear-and-tear caused by fast ramping up 
and down. In power grids with high penetrations of intermittent renewable generation, both the 
magnitude and speed of the variations in the regulation signal are high, producing even higher 
wear-and-tear on the regulation units. In addition, because of the limited ramping capabilities, 
the response rates of conventional regulation generators are slow, as shown in Figure 6.6.3a. 
Thus, to meet regulation requirements, more regulation capacity is required to compensate the 
control errors.  

To create incentives for fast responding resources to participate in regulation services, the 
Federal Energy Regulatory Commission (FERC, 2011) enacted FERC Order 755, which requires 
system operators to add a performance payment with an accuracy adjustment to the capacity 
payment typically used in markets for ancillary services. All ISO/RTOs have implemented this 
pay-for-performance regulation market. Under this new market rule, the participating resource 
will be rewarded by what it declares (i.e., regulation capacity) and what it supplies (i.e., 
regulation mileage).  

Those regulatory advancements make providing fast regulation service a high-value ancillary 
service, and make energy storage a suitable candidate for providing such services. Compared 
with generator units, an energy storage controlled by power electronics has a fast response rate 
that can follow the regulation signals closely, as shown in Figure 6.6.3b, where the AGC 
command is similar with regulation signal, derived from ACE. There are three main advantages 
of using energy storage for regulation services: it reduces the wear-and-tear on the traditional 
generators, reduces the amount of required regulation capacity, and improves the quality of 
regulation services (Lu, Makarov, Weimar, 2010). 

      

(a)                                                                              (b) 

Figure 6.6.3.  (a) Regulation service provided by a conventional generator, and (b) regulation 
service provided by ESS (Massachusetts Energy Storage Initiative, 2017). 

In the past few years, the share of energy storage in the regulation markets has increased rapidly 
(FERC, 2013). For example, in the PJM market, the storage capacity has increased from zero in 
2005 to over 280 MW in 2017, making up 41% of its regulation procurement capacity ( 
Massachusetts Energy Storage Initiative, 2017). Since enabling the use of storage in its market, 
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PJM has been able to reduce the size of its regulation market by 30%, resulting in significant 
savings for ratepayers.  

To guide the deployment of storage, it is crucial to quantify the storage performance and cost-of-
service when providing different types of regulation signals. To help storage manufacturers and 
service providers improve performance and reduce service costs, it is critical to identify storage 
characteristics that have the biggest influence on response rate and lifetime depreciation.  

Therefore, in this study, we present a thorough benefit-cost study for storage-based regulation 
services. High and low cost parameters of storage are used to derive the upper- and lower- 
bounds of cost-of-service. The impact of storage lifetime depreciation characteristics and 
storage-friendly regulation signal design on storage lifetime depreciation, service quality, and 
cost-of-service are quantified. Two storage operation mechanisms are considered in this study: 1-
directional and 2-directional. When providing 1-directional service, the storage unit responds 
only to the regulation-up or regulation-down service during the committed period.  Note that 
providing 1-directional service is an option for charging-only loads (e.g., electric vehicles 
without vehicle-to-grid functions). When providing 2-directional service, the storage unit 
responds to both regulation-up and regulation-down signals.  In this analysis, we focus on two 
storage technologies, lithium-ion batteries and flywheels, which both have fast ramping rates and 
can provide the regulation service. Regulation signals and the corresponding regulation service 
prices published by New York Independent System Operator (NYISO) and PJM are used to 
conduct the study. We requested the frequency regulation signal and the area control area for 
Duke Energy, but it was deemed “business confidential” information and was thus not shared 
with the study team. 
 

6.6.3  Modeling Methods 

This section describes the regulation signals and service payment mechanism, introduces the 
energy storage model as well as lifetime estimation method, and describes benefit-cost 
calculations. 

Regulation signals 

ACE signals often have some DC component, so they are not energy-neutral. This can cause an 
energy storage system with limited energy storage capabilities to be fully charged or discharged 
after providing regulation services over a period of time. Thus, ISOs such as PJM and ISO-NE 
designed an energy-neutral regulation signal to facilitate the provision of regulation services by 
storage (Xu, Dvorkin, Kirschen, Silva-Monroy, & Watson, 2016). For example, in PJM, 
regulation signals have been split into two signals: slow-responding Regulation A (RegA) and 
fast-responding Regulation D (RegD, where the D is for “dynamic”) (PJM, 2018). The RegD 
signal is generated by applying the original PJM area control error (ACE) signal to a high pass 
filter, as shown in Figure 6.6.4. In this configuration of the split-signal system, RegA was 
designed for resources “with the ability to sustain energy output for long periods of time, but 
with limited ramp rates”, while RegD was designed for resources “with the ability to quickly 
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adjust energy output, but with limited ability to sustain energy output for long periods of time” 
(Kleinman Center for Energy Policy, 2017).  

 

Figure 6.6.4. Design of fast regulation signal (PJM, 2016). 

As shown in Figure 6.6.5, the hourly energy bias of 1MW units responding to PJM-RegD is very 
close to zero while PJM-RegA has a DC bias. The PJM example demonstrates that if regulation 
signals are carefully designed, the disadvantage of using energy storage can be avoided.  By 
letting energy storage devices supply the fast changing component of the regulation signal, the 
generator units are allowed to move slower and less, reducing their wear-and-tear while 
improving the regulation service quality. 

(a)                                                                         (b) 

Figure 6.6.5.  (a) PDF of PJM RegA hourly energy bias during June–August 2017; (b) PDF of 
PJM RegD hourly energy bias during June–August 2017.  

Thus in our study, we compare the use of flywheel and lithium-ion batteries in four different 
cases: (1) the PJM-RegD, representing ESS-friendly fast regulation signals, (2) PJM-RegA, 
representing a slow regulation signal, (3) PJM-RegA plus PJM-RegD, representing the original 
PJM regulation signals, and (4) the NYISO regulation signal. All signals are actual regulation 
signals downloaded from the PJM and NYISO websites. 
 

Payments for Providing Regulation Services  

Following FERC Order 755, all ISO/RTOs have implemented a pay-for-performance regulation 
market. Under this market mechanism, participating resources are rewarded by regulation power 
capacity, 5K#L

MNO and regulation mileage, P. The capacity offering price is in $/MWh. The unit for 
mileage price is $/∆MW. In most regulation markets, a participating unit commits a 5K#L

MNO, for a 
bidding interval with a length &. 5K#L

MNO is symmetrical in most ISO control areas, except in 
CAISO. “Symmetrical” means that the regulation-up and regulation-down signals have the same 
power limit of 5K#L

MNO. The regulation instructional signal at time Q, 5R
MNO, is a normalized 



 

 103 

percentage of 5K#L
MNO. To guarantee that regulation signals are within the committed regulation 

capacity limit of the unit, we always have: 

  S5R
TNOS ≤ 1            (1) 

Regulation mileage is the sum of absolute values of the regulation control signal movements. If 
the output of a regulation unit is 5R

TNOand the declaring regulation capacity is 5K#L
MNO, the regulation 

mileage is calculated: 

P = ∑ SWX
YZ[\WX]^

YZ[S

W_`a
YZ[

b
c                        (2) 

Usually, system operators will calculate a performance factor (λ) with a value between 0 and 1, 
to represent the response accuracy with respect to the regulation instructions. Depending on the 
market design, the performance factor is calculated and applied differently. Its purpose is to 
decrease the regulation payment to account for inaccuracy in response. A general penalization 
format is as follows: 

 Payment = 5K#L
MNO(ρj + λMρm)     (3) 

where ρj and ρm represent the capacity clearing price and mileage clearing price, respectively. 
Since lithium-ion batteries and flywheels can have high response accuracy when providing the 
regulation service, we assume λ = 1 , i.e., there is no payment penalization. 

Figure 6.6.6 shows an example of the energy storage power outputs when responding to 
regulation signals. The regulation-up capacity is equal to the regulation-down capacity (i.e. 
±1MW), as shown by the dotted lines. The regulation mileage is shown by the blue line, which 
keeps increasing whenever there is a change in energy storage power output, as shown in 
Equation 2. 

 

Figure 6.6.6. An example of regulation capacity and mileage. 
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ESS Models and Lifetime Estimation Methods 

As mentioned before, in this analysis, we compared the performance of two storage 
technologies: lithium-ion battery and flywheel.  

We assume that an energy storage unit can ramp up or down to any power output within its rated 
power in milliseconds so that the instruction regulation signals can be followed accurately and 
immediately, unless the unit is fully charged or discharged. The storage charging and discharging 
process and constraints can be modeled as  

!R − !R\n = ∆Qpj5R
TNOqrst − ∆QpL5R

TNOuv − ∆Q5R
)Nwxq#yj 																										 (4) 

0 ≤ 5R
TNOqrst ≤ 5K#L

MNO                                                               (5) 

0 ≤ −5R
TNOuv ≤ 5K#L

MNO                                                              (6) 

 !{rsNMw#| ≤ !R ≤ !uvvNMw#|                                                (7) 

where 5R
TNOuvand5R

TNOqrst represent the regulation-up and regulation-down signals at time t, 
respectively; !R is the energy level at time t; !uvvNMw#|  and !{rsNMw#|  is the storage upper and 
lower energy limits, respectively; ∆Q is the duration of regulation signal;  and  represent 
storage charging and discharging efficiency, respectively; and  5R

)Nwxq#yj is the self-discharging 
rate.  

The lifetime of a battery storage system can be estimated based on how many charging-
discharging cycles it has completed at different depths of discharge (DOD), which is used to 
describe how deeply the battery is discharged. For example, if the battery is 100% fully charged, 
the DOD is 0%, as shown in Figure 6.6.7. Because a battery storage system providing regulation 
services will not run full cycles at a given DOD level, the Rain-flow method (Ke, Lu, & Jin, 
2015) is used to estimate battery lifetime depreciation. Note that the lifetimes of the flywheels 
are not influenced by DOD, so its lifetime as a function of DOD (see the blue line in Figure 
6.6.7) is constant. Thus, the flywheel lifetime is assumed to be constant regardless of how many 
cycles it has completed at what DOD levels. 

ch dh
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Figure 6.6.7. Storage cycles over its life versus depth of discharge (DOD). 

 

5.2.4 Energy Storage Benefit-Cost Model 

We assume there is no start-up nor shut-down costs associated with energy storage operation 
when providing regulation services. The revenue B, and the cost ', can be calculated as 

                                  B = B|#wN}ON + Bj}v}j#R~                                                                            (8) 

                                  ' = '#tyR}ww + '�&m			                                                                                       
(9) 

Where B|#wN}ON  and Bj}v}j#R~represent the payments for regulation mileage and capacity 
respectively; '#tyR}wwand '�&m  represent the cost for installation, operation and maintenance, 
respectively. The parameters for the lithium-ion battery and flywheel used in this study are 
shown in Table 6.6.1. 

Table 6.6.1. Storage characteristics 
ESS Technology Lithium-ion Flywheel 

ÅÇ 0.85 0.95 

ÅÉ 1 0.95 

ÑÖ
ÜáàâäFãÇ 2-4% per month 2% per hour 

 

 Because the lifetime of battery varies when responding to different regulation signals or in 
different modes, annualized net benefits are calculated using the equivalent annual annuity 
approach (EAA) . We first compute the net present value (NPV) , followed by EAA so that the 
present value of the annuities is exactly equal to the project’s NPV.  
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                                                  53MNåNtçN = ∑ T(#)

(néM)`
(
#èn 																																																																		(10)	

                                                  53jryR = ∑ ê(#)

(néM)`
(
#èn 																																																																								(11) 

                                              953 = 	53MNåNtçN − 53jryR																																																														(12) 

                                                  EAA = M×(Wì

(n\(néM)]î)
																																																																											(13)                              

                 

where N is the estimated lifetime of energy storage, for simplicity, if estimated lifetime is not an 
integer, it will be round to the nearest greater integer,  and r is the discount rate. In (10) and (11), 
R and C are annual values.  

 

Performance Criterion  

To evaluate the regulation signal following accuracy, we define the response rate as 

 BB =
tñóòñ`òòZa
tXôXöò

× 100%                                                 (14) 

where nfulfilled is the number of regulation signals fully followed by the storage unit and ntotal is the 
total number of regulation signals. 

The remaining life of battery after providing the regulation signal,	úMN|}#t, can be estimated by 
the rain-flow method (Ke et al., 2015).  Thus, the aging ratio, A, is  

A =
úLNx}çwR − úMN|}#t

úLNx}çwR
× 100%																																																											(15) 

where  úûü†°¢£Q is the default lifetime of a battery. 
 

Simulation Setup  

The following assumptions are made when performing the simulation: 

• For one-directional service, the battery/flywheel is fully charged when Q = 0.  
• For bi-directional service, the SOC of the battery/flywheel is 50% when Q = 0. 
• The battery/flywheel is always online (charging, discharging, or idling), so the start-up or 

shut-down costs are not considered. 
• The default battery life is assumed to be 10 years, and the default flywheel lifetime is 

assumed to be 21 years. 
• The rated power of the battery and flywheel is 1 MW and the energy capacity is 0.5MWh. 
• Regulation signals are downloaded from the PJM and NYISO websites.  The PJM 

regulation signal includes two parts: PJM RegD and PJM RegA. The NYISO regulation 
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signal has not yet been divided between fast and slow units, so only one signal is used. 
Regulation signals and corresponding price data in 2017 are used to conduct the analysis. 

• When calculating NPV and EAA, the annual discount rate is 10%. 

 

6.6.4  Simulation Results 

As introduced in previous sections, regulation signals and the corresponding price data in our 
study were downloaded from PJM (i.e. RegD and RegA) and NY-ISO website. The data 
resolution is 2-second for PJM and 6-second for NY-ISO. The data was collected from January 
1st to December 31st, 2017. Two energy storage technologies are studied: lithium-ion battery and 
flywheel. Using the aforementioned parameters and simulation settings, we calculate the mileage 
and response rate of the energy storage systems when providing the regulation services. The 
rain-flow algorithm is used to estimate the lifetime of the battery storage system assuming that 
the designed lifetime of battery is 10 years.  

 

Impact of using Different Regulation Signals 

For this part of the analysis, we assume the service is provided by a lithium-ion battery in bi-
directional mode. The performance criterion and daily revenue is calculated assuming that DOD 
is at 50% at the beginning of each day and parameters of the battery are as listed in Table 6.6.1.  

Figure 6.6.8 shows the daily revenue over the whole year. As the revenue is calculated from the 
regulation service price, the revenue will spike when regulation prices spike. The maximum 
revenue is $1970, the minimum revenue is $231, and the mean value is 542 $/day.  

 
Figure 6.6.8. Daily revenues for providing 2017 NYISO regulation signals 

 

Figures 6.6.9, 6.6.10, and 6.6.11 show the statistical analysis of daily revenue, response rate, and 
aging cost, respectively, for the lithium-ion battery. From the results, we have several 
observations. First, as shown in Figure 6.6.9, revenue is the highest when providing RegD 
signals, almost twice as much as the revenues received for other types of regulation signals. This 
result is due in part to PJM’s higher market clearing prices for regulation mileage compared with 
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NYISO. For example, in June 2017, the PJM mileage price was $2.9334/MW and $0.1868/MW 
in NYISO. Second, as shown in Figure 6.6.9, for NYISO and PJM, the revenue is similar if PJM 
does not allow regulation signals to be separated into RegD and RegA signals. Third, as shown 
in Figure 6.6.10, the response rates are the highest for RegD signals, as it is designed to be 
energy-neutral and the lowest for Reg A signal as it is energy-biased.  As can be seen in Fig. 
6.6.10, NY-ISO and PJM signals are different, causing 10% response rate differences. Fourth, as 
shown in Figure 6.6.11, when following RegD signals, the battery mileage and lifetime 
depreciation increase.  This result shows that there is a tradeoff between providing the high 
quality and high value RegD signal and increased service cost. 

 

Figure 6.6.9. Comparison of daily revenue across the year, associated with following different 
signal. 

 

 

Figure 6.6.10. Comparison of daily response rate. 
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Figure 6.6.11. Comparison of lifetime depreciation. Note that aging cost is the percentage of life 
reduction after one day of service. 

Comparison of Different Technologies 

Because RegD is designed to be a storage-friendly regulation signal, we use RegD to compare 
the performance of two different types of storage technologies: lithium-ion batteries and 
flywheels. Both 1-directional and 2-directional modes are considered. The power capacity of 
both devices are set as 1 MW and the energy capacity is 0.5 MWh. The initial energy for both 
devices is 0.25 MWh. Cost parameters of the lithium-ion battery and flywheel are listed in Table 
6.6.2. We calculated the annual revenue received when providing ancillary services in 2017 and 
assume the same revenue can be received over the entire storage unit lifetime. 

Table 6.6.2. Storage cost parameters 
 Li-ion(0.5hr) Li-ion(2hr) Li-ion(4hr) Flywheel 

Current 
Cost($/kWh) 1650 725 525 4542 

2030 Cost ($/kWh) 629 276 200 - 

O&M($/kW×yr) 10 10 10 7 

 

As shown in Figure 6.6.12, the annual net benefit (i.e., profit) for both the battery and flywheel is 
positive when supplying RegD, indicating that for both 1-directional and 2-directional services, 
the operation is profitable. The profit of the 2-directional service is higher than that of the 1-
directional service, due to the higher response rate and more mileage payments. The flywheel and 
lithium-ion battery have similar performance. For one-directional service, the annual battery profit 
is $351/kW×yr, slightly higher than $311/kW×yr for the flywheel. For bi-directional service, the 
annual profit of the flywheel is approximately $50/kW×yr higher than the battery with the 2018 
cost, but $100/kW×yr lower than the battery with the assumed 2030 cost.  
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Figure 6.6.12.  Comparison of lithium-ion and flywheel profits for 1-directional and 2-directional 
services. 

We also compared the flywheel and lithium-ion battery performance for the other types of 
regulation signals when providing 1-directional and 2-directional services. The results are 
summarized in Table 6.6.3.   

Table 6.6.3. Performance comparison when using different types of regulation signals and 
charging methods 

 
PJM RegD PJM RegA NY-ISO 

1- 
direction 

2- 
direction 

1-
direction 

2-
direction 

1-
direction 

2- 
direction 

Battery 

Annual profit 
($/kW×yr) 351 641 17.0 -15.1 131 224 

Response Rate 
(%) 49.4 95.0 34.8 55.7 48.1 85.5 

Estimate 
Lifetime (yrs) 4.72 3.89 5.93 4.23 5.28 3.99 

Flywheel 

Annual profit 
($/kW×yr) 311 693 18.5 555 60 231 

Response Rate 
(%) 49.6 94.9 35.4 59.1 47.7 86.3 

Estimate 
Lifetime (yrs) 21 21 21 21 21 21 

 

From the simulation results, the following two observations are made. First, if we design 
regulation signals to be energy storage friendly, we can use energy storage to provide high-
quality regulation services.  As shown in Table 6.6.3, energy storage performance is best when 
supplying the PJM RegD signal. The response rate for both battery and flywheel are the highest 
when responding to PJM RegD signal. The PJM RegA is the most unfriendly to energy storage. 
The response rate of the battery supplying PJM RegA signal in bi-directional mode is only 
55.7%, much smaller than that of supplying PJM RegD (95.0%) and NY-ISO (85.5%) signals. 
As mentioned before, Reg D and Reg A represent two distinct parts of the traditional regulation 
signal, similar to the single NY-ISO regulation signal. RegD is the part designed as energy-
neutral, suitable for energy storage systems, while RegA is the remaining part, which has a large 
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energy bias.  If ranked by the friendliness to energy storage, we have Reg D > NY-ISO > Reg A, 
which is supported by the simulation results.  

Second, battery and flywheel have similar performance in terms of response rate because both 
technologies respond fast and they have the same power and energy rating. However, as flywheel 
lifetime is not impacted by the fast ramping at lower DOD levels, their lifetime depreciation is 
negligible. For battery systems, there is a tradeoff between providing a high quality and high 
value signal and increasing the service cost. 

Comparison of Different ESS Sizes 

Lastly, we compared the total profit when using different battery sizes. Three lithium-ion battery 
sizes are considered: 0.5 hour, 2 hour and 4 hour storage capacity. The cost parameters are 
shown in Table 6.6.2. All three regulation signals are used.  The initial energy is half of its 
maximum energy. As shown in Fig. 6.6.13, for all three markets, the larger the battery size, the 
higher the profit. As shown in Figure 6.6.13, running on shallow charging/discharging cycles 
causes less lifetime depreciation. For example, the service life of a 0.5 hour, 2-hour, 4-hour 
battery supplying RegD signal are 3.8 years, 5.5 years and 10 years, respectively. It is important 
that a suitable energy size is selected to avoid the batteries being operated at low DOD for long 
durations. 

  

Figure 6.6.13. Comparison of profits for different battery sizes 

 

6.6.5  Conclusions 

In this study, a cost-benefit study is conducted to compare the performance and profitability of 
lithium-ion batteries and flywheels providing grid regulation services. Because Duke Energy 
ACE signals are “business confidential” data, we used regulation data collected by PJM and NY-
ISO to benchmark the performance and the economics of using energy storage for providing 
regulation services.  

The regulation analysis performed for this study has produced several insights. First, it is crucial 
to design the regulation signals so that the fast changing signals are supplied by energy storage 
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and the slow moving components are supplied by conventional units. Second, to improve 
profitability, it is also important to design energy storage control algorithms that can operate 
battery cells at higher DODs to minimize their lifetime depreciation. This can be achieved by 
accounting for the lifetime depreciation cost in the energy storage operational strategy.  Another 
promising application is to let the energy storage provide 1-directional service so that charging 
loads such as electrical vehicles can provide the service as well. Finally, we can design energy 
storage systems so that their lifetimes are prolonged when cycling at lower DODs. 
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6.7  Solar Clipping 
Electricity generation from a solar photovoltaic project is directly related to the solar resource 
intensity at a given time.  This resource and the corresponding solar generation varies throughout 
the day as well as seasonally, resulting in a limited number of hours per year when a solar array 
is generating at its rated capacity.   
 
Grid-connected solar photovoltaic projects use inverters to convert DC generation to AC 
generation.  Given the limited share of time that a solar array is producing electricity at its rated 
DC output, it can be economically advantageous to “undersize” an inverter.  The ratio between 
the array’s DC nameplate capacity and the inverter’s peak AC output rating goes by several 
terms: inverter loading ratio (ILR), DC/AC ratio, array-to-invertor ratio, inverter sizing ratio, and 
DC load ratio, among others 
(Bolinger, 2017).   
 
Figure 6.7.1 shows the implications 
of this design approach on a 
hypothetical high solar generation 
day.  In this example, the inverter’s 
peak AC output is 7.1 MW.  Any 
time that the array’s generation 
exceeds this amount, the excess 
generation is “clipped,” reducing the 
potential generation that could serve 
load.  Power clipping or power 
limiting is managed electronically, 
achieved by having the inverter 
induce inefficiency by moving away 
from the maximum power point. Such losses are the result of system design, which seeks to 
reduce both inverter costs and clipping losses.  Lawrence Berkeley Labs reports that, in the U.S. 
in 2016, the median utility-scale solar project for both fixed tilt and single axis tracking selects a 
DC/AC ratio of 1.31, with the 80th percentile of fixed tilt projects reaching a ratio of 1.46 
(Bolinger, 2017).  Note that to 
accurately quantify the magnitude of 
solar clipping, it is necessary to have 
high temporal resolution; hourly 
level data mask the actual solar 
clipping (Good, 2016). 
 
Energy storage can and has been 
deployed to reduce solar clipping, 
with the potential to improve the 
financial viability and operational 
control of solar projects.  By 
integrating energy storage on the 
solar array side of the inverter, the 
timing of the DC generation can be 

 

Figure 6.7.1. A representative example of solar 
clipping, assuming a DC/AC ratio of 1.4. 
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Figure 6.7.2. The potential reduction in solar clipping 
using a 3 MW/3 MWh battery.  
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better managed to decrease solar clipping, which in turn increases overall AC production and 
inverter utilization.  Building off the example presented in Figure 6.7.1, Figure 6.7.2 shows the 
impact of introducing a 3 MW/3 MWh DC-coupled battery to reduce solar clipping.  The dark 
blue represents the baseline solar generation, the light blue represents the avoided solar clipping 
that was stored in the battery, and the gold represents the remaining solar clipping.  In this 
example, the introduction of the energy storage system reduces solar clipping by over 80%.  In 
addition, the introduction of the battery greatly increases the share of time that the project 
generates at maximum AC output.  In this example, during hours of generation, the project is at 
maximum output 29% of the time without energy storage and 47% with energy storage.  The 
ability to better manage and flatten the project’s output serves to reduce system integration costs 
and the need for load following generation.   
 
6.7.1  Solar Clipping Methods 
To better understand the potential for energy storage to reduce solar clipping in North Carolina, 
we analyzed one-minute resolution solar resource data for 2017 from four North Carolina sites, 
provided by Strata Solar under a non-disclosure agreement.  Using real solar generation data 
from four of their sites, we determined the relationship between irradiance and potential 
generation without inverter constraints (r2 = 0.98) to allow us to quantify the clipping losses as a 
function of the solar project’s DC/AC ratio.  We then introduced a DC-coupled lithium-ion 
battery energy storage system that is operated with the sole purpose of reducing the impacts from 
solar clipping.  We estimate that the installed cost of the battery storage system is 10% lower 
than a stand-alone system due to the elimination of a dedicated inverter.  We assume crystalline 
silicon modules, south-facing fixed tilt at 20 degrees.   
 
For each system configuration, we model the system performance and solar clipping in the 
absence of energy storage.  We then integrate energy storage with an operational approach 
designed to minimize clipping and discharge the battery as soon as there is available inverter 
capacity.  This approach implicitly assumes that all generation is compensated equally. 
 
Table 6.7.1 summarizes the scenarios that we examined.  At each of four locations across North 
Carolina, we consider nine DC/AC ratios ranging from 1.2 to 2.0.  We then consider 30 possible 
battery configurations, testing the rated power up the difference in MW between the solar and 
inverter rated capacities and between one and six hours of storage capacity.   
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Table 6.7.1. Summary of solar clipping scenarios examined 
Parameter Values Considered Description 
Location 4 sites in North Carolina Minute-level solar resource and generation 

data for one year  
Array Design 10 MWDC fixed tilt Fixed tilt at 20 degrees, south-facing 
DC/AC Ratio 1.2 to 2.0, in 0.1 increments Rated inverter capacities range from 5 MWAC 

to 8.3 MWAC 
Energy Storage 
Rated Capacity 

0% to 100% of the 
difference between inverter 
rating and module 
nameplate rating, in 10% 
increments 

Ten rated power capacities will be considered 
for each DC/AC ratio 

Energy Storage 
Duration 

1 hour to 6 hours at rated 
power, in 1 hour increments 

The rated MWh of the energy storage system 
will be varied between one and six hours of 
discharge at the battery’s rated power 

 
For each of the solar project designs, we determine the battery design with the lowest breakeven 
value for solar generation.  For this calculation, we calculate the breakeven solar value as the 
annual energy storage revenue requirement ($/kW×yr) divided by the increase in solar generation 
attributable to the energy storage system.  The increase in MWh/year represents the reduction in 
solar clipping after accounting for any roundtrip losses by the battery.  For this analysis, we 
examine lithium-ion batteries with an assumed roundtrip efficiency of 85%.   
 
6.7.2  Solar Clipping Results 
 
Figure 6.7.3 shows the 
relationship between the solar 
DC/AC ratio and the magnitude 
of clipping losses, using a 
representative North Carolina 
site and a fixed tilt solar array 
design.  With an industry 
average DC/AC ratio of 1.3, we 
observe clipping losses that total 
2.3% of the potential generation.  
With a DC/AC ratio of 2.0, we 
see clipping reach nearly 20% of 
the potential solar generation.   
 
For the purposes of this analysis, 
we assume a 10 MWdc solar 
installation and vary the size of 
the inverter to achieve the range of DC/AC ratios.  Without inverter constraints, this facility 
would produce 15,600 MWhac of generation per year.  With a DC/AC ratio of 2.0, we calculate 
that the 3,060 MWhac of generation per year would be lost during peak production hours.    
 

 

Figure 6.7.3. Solar clipping losses without energy storage 
a representative North Carolina location across a range of 
DC/AC ratios. 
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Figure 6.7.4 shows the 
reduction in solar clipping 
using a lithium-ion battery at a 
representative 10 MWdc solar 
farm with a DC/AC ratio of 2.0.  
Each line represents a different 
charge/discharge capacity 
(MW) for the battery, while the 
x-axis shows battery duration in 
terms of hours.  Larger 
batteries, in terms of both MW 
and MWh, yield greater 
reductions in solar clipping.  
This result is consistent with 
expectations: longer duration 
batteries would recover more 
clipping during extended high 

insolation periods; higher charging rates would capture more of the lost generation.  For the 
largest batteries, however, we observe diminishing benefits.   The 5 MW/20 MWh battery (i.e., 
four hour duration) recovers 2,600 MWh of clipping losses per year, which is all of the potential 
recovery after accounting for the 85% round trip efficiency of the battery. 
 
Figure 6.7.5 shows the breakeven value of solar generation required to support lithium-ion 
batteries used exclusively to reduce solar clipping.  The lower the breakeven solar cost, the more 
cost-effective it is to use batteries to reduce solar clipping. The figure on the left shows that 
lowest breakeven solar value of $240/MWh for a 1 MW battery with 3 to 4 hours of duration.  
This calculation includes the full value of the investment tax credit and uses our base case 
assumptions for battery costs (interpolated when necessary), reduced by 10% to estimate the 
impact of eliminating the inverter.  The figure on the right shows the breakeven solar generation 
costs using the estimated 2030 battery costs, with the lowest being $135/MWh for a 1 MW 
battery with 3 or 4 hours of storage.   

 

 

Figure 6.7.4. The potential reduction in solar clipping using 
lithium-ion batteries at a hypothetical 10 MWdc solar 
project in North Carolina with a DC/AC ratio of 2.0. 
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Figure 6.7.5. The breakeven value of solar to use lithium-ion batteries for clipping reduction 
now (left) and in 2030 (right) with energy revenues only. 
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The results shown in Figure 6.7.5 illustrate the breakeven solar costs to finance a battery if all 
revenues associated with the reduction of solar clipping would come from the energy value (i.e., 
no capacity value).  Figure 6.7.6 shows the solar breakeven energy costs if the battery system 
receives capacity credit toward a resource adequacy requirement.  Based on a method by 
Sioshansi et al. (2014), we assume batteries of 1, 2, 3, 4, 5, and 6 hours of duration receive 
capacity credit of 41%, 56%, 66%, 75%, 80%, and 85%, respectively.   We value capacity at the 
cost of new entry for a combustion turbine plant ($113/kW-yr).  Inclusion of the capacity value 
greatly decreases the breakeven solar energy value.  Using current battery prices (as shown on 
the left), the lowest breakeven solar price is now $146/MWh for a 1 MW/3 MWh battery.  In 
2030, we estimate that the breakeven cost will drop to $38/MWh for a 1 MW/2 MWh 
installation.   
 

Our results show that energy-only revenues from additional solar generation would likely be 
insufficient to justify energy storage investment.  Considering the capacity value of the energy 
storage, however, makes it a far more attractive proposition, particularly as energy storage prices 
drop.  The pace of solar development inherently drives the market size for this application.  In 
Section 6.5, we examine a range of power system capacity expansion scenarios, which result in a 
range of new solar capacities.  Based on our analysis of the potential for energy storage to reduce 
solar clipping, we estimate that the battery market size for this application would likely be 
between 0% and 30% the rated capacity of new solar, with preferred battery durations between 2 
and 4 hours.   
 
 
For the final report, the remaining three solar generation sites will also be tested. 
 
  

 

Figure 6.7.6. The breakeven value of solar to use lithium-ion batteries for clipping reduction 
now (left) and in 2030 (right) with energy and capacity revenues. 
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7 Synthesis of Technical Analysis 

This section will summarize the benefit-cost results across the various service-specific analyses 
presented in Section 6. We plan to examine the net benefits and anticipated market sizes across 
each of the service categories and use it to draw insights. We will also investigate the possibility 
of value stacking across the different service categories. 
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8  Possible Employment Impacts of Energy Storage Deployment in North 
Carolina 

Given the nature of our study, we do not attempt to project the total amount of installed storage 
capacity over time, which is highly uncertain. As a result, we are also not able to derive a total 
number of jobs created. Instead, we provide an overview of the types of jobs needed in energy 
storage, some general employment trends in the storage sector, and possible ramifications for 
North Carolina. 

8.1  National Energy Storage Employment  

According to the DOE’s 2017 U.S. Energy and Employment Report (USEER), as of the end of 
2016Q1, the electricity storage industry employed 90,831.3 EIA’s monthly electric generator 
inventory, derived from form EIA-860M and which also lists utility-scale storage units, lists total 
storage capacity in March of 2016 at 22,874.4 This suggests approximately four employees per 
MW of installed storage capacity. This value is in line with a 2017 announcement by the New 
York State Energy Research and Development Authority (NYSERDA). NYSERDA quoted jobs 
in the state’s energy storage sector of approximately 3,900 in 2015 and New York had a 
December 2015 storage capacity of 1,426 MW, leading to about 2.75 employees per MW of 
installed storage.5 To put these values in context, employees per MW of installed capacity for 
natural gas, coal, and nuclear generation are about 0.1/MW, 0.3/MW, and 0.7/MW, respectively.6 
The employment values for storage also do not differentiate between installation, which is likely 
to be more labor intensive, and maintenance, which is likely to be less labor intensive. 
Regardless, it appears storage, at least in the near term, is more job intensive than more 
traditional generating sources and the expansion of the storage sector in North Carolina would 
likely require employment in the sector on the order of low single digit multiples of the MWs 
installed. 

8.2  NC Energy Storage Employment 

Energy storage is already a significant element of the existing North Carolina energy field. In 
2016, the NC Sustainable Energy Association identified 100 firms with offices and local staff in 
North Carolina directly linked to energy storage with a combined employment of 1,138, which 

                                                
3 The report is available at: 
https://www.energy.gov/sites/prod/files/2017/01/f34/2017%20US%20Energy%20and%20Jobs%20Report_0.pdf. 
The 90,831 number is derived from the sum of employment across the “Pumped Hydro”, “Battery Storage”, and 
“Other Storage” fields in Figure 26 of the report. 
4 This data was accessed from the following site: https://www.eia.gov/electricity/data/eia860M. The figure was 
derived from summing all “Net Summer Capacity (MW)” values for technologies listed as “Hydroelectric Pumped 
Storage”, “Batteries”, and “Flywheels”. 
5 The jobs figure cited is included in the following post: https://www.nyserda.ny.gov/About/Newsroom/2017-
Announcements/2017-01-19-NYSERDA-Announces-30-Percent-Job-Growth-in-New-Yorks-Energy-Storage-
Industry. 
6 These numbers are based on the March 2016 generation capacities and employment figures in Table 1 of DOE’s 
U.S. Energy and Employment Report 2017. Note, employment in extracting the fuels associated with these 
generator types is not included in these employee per MW of capacity values. 
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represented about three percent of the total 34,294 clean energy firm employees they had 
identified in the state. The types of jobs spanned areas including project design and development, 
professional services, and research and education.  

8.3  Potential for New Job Creation 

It is important to distinguish between sectoral employment, which is discussed above, and job 
creation, which includes the addition of completely new jobs relative to the state’s total, pre-
existing status quo. Because we do not make a specific prediction about the amount of storage 
capacity that could be deployed in North Carolina, we also make no direct claim about the 
possibility for net job creation in North Carolina from the storage sector, though to the extent 
energy storage can be cost-effectively deployed to reduce the cost of generating, transmitting, 
and distributing electricity, it could spur some marginal economic growth and employment. 
However, in times of near full-employment, which North Carolina is likely at or near to with its 
current unemployment rate of about 4.5%, there is often job reshuffling associated with new 
industries, whereby those taking jobs in relatively new sectors are leaving existing jobs, making 
it difficult to ascertain the direct and indirect employment effects of these new sectors.7 

Significant job creation is a possibility if North Carolina becomes a hub for innovation in storage 
technology, attracting storage-related firms to the state. There is precedent for such a possibility. 
University-corporate collaborations have helped to establish North Carolina as a center for 
innovation in both biotechnology and smart grid technology. For example, the biotechnology 
cluster, which began to form decades ago in NC, now supports over 600 life sciences companies 
employing more than 60,000 people and sustained industry growth – 31 percent since 2001 – 
bringing billions of dollars of investment to the NC economy that could otherwise have gone to 
other urban educational centers around the country.  More recently in the area of “smart grid” 
technologies, a quickly growing collection of power equipment companies like ABB, Schneider 
Electric, Sensus and Siemens, have joined with world-leading technology and data analytics 
firms, including IBM, Cisco, EMC, SAS, and Red Hat to form one of the largest U.S. clusters of 
companies creating innovative, intelligent energy infrastructure that is critical to managing the 
next generation of utility grid operations.  Thus, one can imagine job creation within North 
Carolina by leveraging our existing strengths in energy research and development and by 
creating market opportunities to attract storage firms to the state.  

  

                                                
7 For more information regarding the difficulties of estimating job impacts of new sectors within the energy field, 
see the following blog post from the Energy Institute at Haas, written by Severin Borenstein: 
https://energyathaas.wordpress.com/2015/02/17/the-job-creation-shuffle/. 
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9  Identification of Barriers and Policy Options 
 
The following section evaluates barriers to energy storage and corresponding policy options as 
part of a coordinated statewide energy policy to maximize the value of storage to North Carolina 
consumers. As guided by our HB589 mandate, we began with a review of existing policies in the 
state with the potential to affect energy storage. We follow an organizational convention derived 
from the North Carolina Clean Energy Technology Center’s “50 States of Grid Modernization” 
reports. These categories are modified slightly to better fit the specific focus of the analysis, and 
include the following: 
 
• Analysis, R&D, and Market Support: Efforts to support research, technical development, and 

storage deployment, ranging from the present analysis, to initial technology development, to 
worker training programs. 

• Planning and Access: Efforts to define, reform, or refine utility planning processes and/or the 
rules affecting access to everything from data to state or wholesale markets.   

• Business Models and Rate Reform: Efforts to change how utilities are regulated or operate 
under a particular state or wholesale market. Can also consist of more targeted changes to 
rate design (e.g., time-of-use rates, demand charges). 

• Mandates: Policies establishing minimum deployment targets or performance standards. 
• Process and Approvals: Policies that govern the regulatory process for the deployment of 

storage (e.g., interconnection standards, compensation rules). 
• Incentives and Financing: Policies that provide funding, defray cost, or provide an increased 

benefit related to storage deployment (e.g., loan programs, tax credits, rebates, exemptions). 
• Utility-Driven Demonstrations and Deployment Programs: Utility-led programs to purchase, 

fund, or deploy storage. Note that the emphasis here is on programs for deployment, not 
individual installations themselves.  

 
9.1  Overview of Current and Pending Provisions Affecting Storage in North Carolina 
 
We began our review of existing energy storage policies in North Carolina with a review of key 
components of energy-related policy in the state. This included existing North Carolina Utilities 
Commission (NCUC) Rules and key energy-related legislation (e.g., Senate Bill 3, House Bill 
589), as well as the regulations, rate cases, settlements, rulemakings, and/or orders that emerged 
as a result. In addition to state policies, we also reviewed policies or provisions explicitly 
referencing storage issued by PJM regulators or the Tennessee Valley Authority (TVA) because 
of their footprint in the state. 
 
Next, we consulted third-party news alerts, policy briefs, issue analyses, and summary reports to 
identify provisions that our initial scan may have missed (e.g., AJP, 2016; CNEE, 2017; 
Endemann et al., 2018; Energy Storage Association, 2017; Stanfield et al., 2017). To the extent 
that any additional storage-related provisions were identified by these third-party sources, we 
again consulted current dockets, rules, regulations, and/or statute to confirm their continued 
existence and relevance. 
 
Despite our best efforts to fully and accurately characterize the energy storage policy landscape 
in North Carolina, the unique capabilities and operational considerations of energy storage, 
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combined with the rapidly evolving nature of technology and its applications, make 
documentation of existing regulatory context difficult. In addition to state-level, storage-specific 
provisions that could affect the deployment of storage, standards and processes developed at 
scales that range from the local level (e.g., land use ordinances) to the national and international 
level (e.g., fire and safety codes) have the potential to affect the deployment of energy storage in 
the state. For this reason, we supplemented our own internal review of existing policy provisions 
with a survey distributed to the stakeholder group convened by the project team.  
 
On August 27, 2018, the following anonymous survey was distributed via Google Forms to 
stakeholders who had provided their email addresses to us for the purposes of study 
communications and event notification: 
 

As an expert in your particular sector or industry, what existing or potential policies or 
programs have the greatest ability to influence energy storage in North Carolina? Please 
be specific, and give special consideration to state-level policies in North Carolina. Feel 
free to also note other policies with the potential to affect storage research, deployment, 
or operation in the state, even if they are operating at other scales or are implemented by 
non-state entities (local, regional, national, or international regulations, standards, or 
incentives; utility-driven programs, etc.). 

 
In total, we received eight (8) responses between the date the survey was distributed and 
September 17, 2018, when the form was closed; individual responses to the survey can be found 
in (Appendix A, Table A.1). 
 
The results of each part of the review were organized into general policy types, again using a 
modified organizational approach to that used in the 50 States reports. Owing to the rapid 
evolution of markets and policy relation to energy storage, the review below should not be 
considered to be exhaustive but rather indicative of provisions pending or in place as of October 
24, 2018. 
 
9.1.1  Analysis, R&D, and Market Support 
Previous analyses have noted that up to $1 million for research and development, potentially 
including storage, is authorized for cost recovery under the North Carolina Renewable Energy 
and Energy Efficiency Portfolio Standard (REPS) (NGA, 2016). The authorizing statute is 
unclear in this regard (“Fund research that encourages the development of renewable energy, 
energy efficiency, or improved air quality, provided those costs do not exceed one million dollars 
($1,000,000) per year.” NC Gen. Stat. §62-133.8(h)(1)(b)), and at least one other third-party 
report specifically recommends that the provision be explicitly targeted and expanded to include 
large-scale storage (AJP, 2016). While potential relevance of this provision is reinforced by 
recent cost recovery filings that have included storage (e.g. Duke Energy Progress, 2018c), both 
Duke Energy Carolinas and Duke Energy Progress showed less than $1 Million in total 
authorized research and development expenditures under the state REPS in their 2017 
Compliance report filings (Duke Energy Carolinas, 2018b; Duke Energy Progress, 2018c).  
9.1.2  Planning and Access 
At the federal level and in regional transmission organizations (RTOs) such as PJM, Federal 
Energy Regulatory Commission (FERC) Order 841 is directly relevant to energy storage 
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deployment and operation. The Order itself provides guidance to RTOs for incorporating storage 
into wholesale markets, and provides multiple stipulations on how this should be done (e.g., 
setting minimize size for participation, ensuring adequate technical capabilities). Other relevant 
FERC orders include Order 845 (revised the definition of a generating facility to include storage 
resources) and Orders 784, 819, and 890 (opened various ancillary service markets to non-
generating resources). Within PJM itself, batteries and other storage assets are already eligible 
for participation in ancillary service (Reg D) markets. 
At the state level, most of the planning provisions potentially applicable to storage appear to 
address the technology only indirectly. For example, NCUC Rule R8-41 (Emergency Load 
Reduction Plans and Emergency Procedures) requires demonstration of black start capabilities, 
which could conceivably include storage. Rule R8-60 (Integrated Resource Plannings and 
Filings) makes a generic call for load requirements and resource options, which again could 
conceivably include storage. Rule R8-60 also requires utilities to identify implications of smart 
grid deployment on planning, within which storage is explicitly mentioned, though requirements 
are generally limited to reporting of demand and energy impacts, anticipated effects on a given 
particular jurisdiction or customer class, and the plans for measuring and verifying those effects.  
R8-60.1 (Smart Grid Technology Plans and Filings) outlines requirements for biennial smart grid 
plans. R9-60.1 does not specify which technologies should be considered, but rather requires that 
filed plans describe the technologies to be deployed, the goals and objectives of deployed 
technologies, the costs of those technologies, and the analyses relied upon by the utility to justify 
those technologies. Rules R8-68 (Incentive Programs) and R8-69 (Cost Recovery for DSM/EE 
Measures) generally define the process by which utility and electric cooperative energy 
efficiency and demand response/demand side management programs may be approved for use, 
as well as the process for cost recovery.  
At present, transmission and distribution as it would pertain to storage appears to be subsumed 
within the resource planning process. In addition to Smart Grid Planning (R8-60.1), there are 
also processes outlined in R8-61 regarding the approval and construction of 
transmission/substation facilities associated with new generation assets. Similar processes are 
outlined in R8-62 for stand-alone transmission assets. There do not appear to be provisions 
specifically targeted to storage, only a requirement that environmental impacts of new 
transmission assets be minimized or mitigated. At the federal level, FERC Order 1000 required 
non-wires alternatives, including storage, to be considered in planning processes on par with 
traditional transmission services. 
In the most recent IRPs filed by both Duke Energy Carolinas and Duke Energy Progress, battery 
storage is explicitly considered within two of the identified representative portfolios analyzed by 
the utilities (Duke Energy Carolinas, 2018a; Duke Energy Progress, 2018b). Duke Energy 
Carolinas includes 150 MW of nameplate installed storage in its base case scenario, whereas 
Duke Energy Progress includes 140MW of nameplate installed storage. Both utilities also 
include storage integration as part of their short-term action plan, with Duke showing 60 MW 
and Progress showing 64MW of planned storage additions between 2019 and 2023. The IRPs 
also discuss a shift to Integrated System and Operations Planning (ISOP) to better capture the 
role of emerging technologies like battery storage in generation, transmission, and distribution.  
9.1.3  Business Models and Rate Reform 
In its 2017 avoided cost ruling (Docket No. E-100, SUB 148), the NCUC signaled an intention to 
refine avoided cost calculations so as to provide clearer signals to qualifying facilities to further 
facilitate the deployment of advanced solar (i.e., tracking) or storage applications, largely by 
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reducing the number of on-peak hours while increasing rates paid. In its June 22, 2018 rate case 
Order (Docket No. E-7, SUB 1146), the NCUC ordered DEC to file new time-of-use (TOU), 
peak, and other dynamic rate types within six months to assist customers in reducing energy, 
generally, and peak consumption, specifically (p331, para 29). The influence of evaluation 
criteria on the selection of solar+storage versus solar-only projects in the context of the 
Competitive Procurement of Renewable Energy (CPRE) program has also been highlighted by 
the Public Staff (NCUC, 2018). 
Though HB589 (NC Gen. Stat. §GS 62-126.4) initiated a process for reconsideration of net-
metering rates, the July 6, 2006 NCUC order under Docket No. E-100, SUB 83, particularly 
regarding net-metering, TOU rates, and prohibition against “gaming” (i.e., use of off-peak 
generation to offset higher-valued on-peak consumption), appears to remain relevant to storage: 

“[T]he Commission shall require the utilities to modify their net metering tariffs and riders 
to eliminate the prohibition on batteries. However, the Commission will continue to prohibit 
net metering customers from using batteries for gaming, or abusing the time-of-use 
restrictions, by offsetting more valuable on-peak consumption with less valuable off-peak 
generation. Utilities may raise specific concerns with the Commission if they believe that 
such gaming or abuse becomes a problem in general or in specific instances. Any customer 
found to be engaged in such practice shall be banned from net metering.” (p7) 

Rates specifically targeted to storage have been offered in the past in North Carolina (see, e.g., a 
long-closed schedule for residential electric thermal offered by Blue Ridge Energy: 
https://www.blueridgeenergy.com/residential/help-faqs/electric/understanding-my-bill/rate-
schedules; last accessed September 24, 2018), but they do not appear to be common at present. 
Text from a recent third-party report would seem to support this conclusion (“[P]articipants 
noted grid-wide adoption of energy storage would be advanced by a rate design that would 
encourage its deployment.” NCSEA, 2016; p4). 
Regarding ownership and leasing, HB589 (NC Gen. Stat. §GS 62-126.5-.7 and .9) authorized up 
to 250 MW of leased generation, with attending clarification that lessors are not public utilities. 
It is unclear how this would pertain to storage assets. There are examples of microgrid projects 
under various electric cooperatives in which assets appear to be shared between the co-op and 
end user (see, e.g., https://www.ncelectriccooperatives.com/energy-innovation/microgrids/; last 
accessed September 24, 2018), though again it is unclear what these examples imply for storage 
ownership options in the state, more generally.   
 
9.1.4  Mandates 
The team has not identified any North Carolina storage-specific mandates as defined by this 
analysis. Though municipal utilities and electric cooperatives can employ demand side 
management for REPS compliance (NC Gen. Stat. §62-133.8(c)(2)(b)), it is unclear as to the role 
storage specifically can play in satisfying existing regulatory obligations. 
9.1.5  Process and Approvals 
NC Gen. Stat. § 62-110.1(a) requires that the NCUC issue a Certificate of Public Convenience 
and Necessity (CPCN) prior to construction of a “facility for the generation of electricity”. As 
suggested by a recent CPCN application filed by Duke Energy Progress for the Hot Springs 
Microgrid Solar and Battery Storage Facility (Duke Energy Progress, 2018a), however, battery 
storage systems may themselves be considered under current interpretations of the statute to fall 
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outside this definition (i.e., not generation). This has the potential to create confusion or 
uncertainty depending on the particular use a storage system is anticipated to fulfill. 
Also relevant to this category are May 2015 interconnection standards (Docket No. E-100 Sub 
101), specifying that storage may be connected to the grid under the same process as other small 
generating facilities. The process for revisions to interconnection standards are ongoing under 
this same docket, with multiple provisions related to storage being debated under the auspices of 
the proposed CPRE program. 
At the county and municipal level, decisions regarding contracting, zoning, compliance with fire 
codes, and decommissioning requirements are likely to affect deployment and operation of 
storage. Though experiences with solar are potentially informative of the general processes the 
installation of storage will undergo, there are also likely to be specific issues faced by storage 
applications that are both unique to the technology and continually evolving (e.g., fire codes and 
decommissioning procedures). 
9.1.6  Incentives 
The analysis has not identified any North Carolina-specific incentives as defined by this analysis. 
9.1.7  Utility-Driven Demonstrations and Deployment Programs 
Though there are a number of energy storage projects underway in North Carolina (Figure 2.2), 
the intent of this section is to identify broader utility-driven programs for storage deployment, 
and not single installations. As discussed above under “Planning and Access”, the most recent 
IRPs filed by Duke Energy Carolinas and Duke Energy Progress review a number of planned 
storage installations and changes to planning processes to better capture the role of emerging 
technologies like storage. In addition to the Duke Energy Progress Hot Springs microgrid project 
referenced above, the company has begun development of a battery storage project in Asheville, 
NC, as part of its Western Carolinas Modernization Plan (Duke Energy Progress, 2018b; 
https://www.utilitydive.com/news/duke-energy-to-spend-500m-on-battery-storage-in-next-15-
years/539385/; last accessed October 26, 2018) and has also installed a solar+storage project in 
the Great Smoky Mountains National Park to support a Park Service communications tower and 
defer future system upgrades (Duke Energy Progress, 2018b; Duke Energy Progress, 2018d). In 
2014, Dominion Energy installed a microgrid demonstration and study project in Kitty Hawk, 
NC, consisting of a 25kW battery, microwind turbines, fuel cells, solar array, and associated 
control technologies and monitoring systems (Dominion Energy, 2017b); a final study report on 
the project was filed with the NCUC in 2017 (Dominion Energy, 2017a). 
Elsewhere, initial filings under the Duke Energy CPRE program discussed a modified power 
purchase agreement (PPA) to allow for pre-inverter storage (i.e., not dispatched by DEC/DEP; 
See DEC & DEP, 2018). Storage can only be included as part of a renewable project proposal; 
there is no apparent provision for stand-alone storage. Finally, there are examples of storage 
deployment by individual municipal utilities or electric cooperatives, such as the aforementioned 
electric cooperatives microgrid projects (https://www.ncelectriccooperatives.com/energy-
innovation/microgrids/; last accessed September 24, 2018), as well as a recent request for 
qualifications for a solar+storage project issued by the Fayetteville Public Works Commission 
(http://www.faypwc.com/wp-content/uploads/2015/06/bid-rfq-design-build-services-community-
solar-energy-storage-project_101717.pdf; last accessed September 27, 2018). Broader municipal 
or electric cooperative programs to facilitate storage deployment were not identified by this 
review. 
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9.2  Overview of Policy Options to Facilitate Deployment of Energy Storage 
 
Our review of state policies and initiatives began with a review of state-level energy storage 
studies similar to that mandated by HB589. Using the 50 States of Grid Modernization Q1 2018 
(NCCETC, 2018) report as our foundation, we reviewed reports issued by California, 
Connecticut, Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri, Nevada, New 
York, and Vermont. Additionally, we reviewed third-party reports focused on specific states and 
energy storage deployment opportunities or challenges; a list of sources cited herein can be 
found at the end of the chapter, along with a list of further reading materials that were not cited 
directly but were nonetheless found to be relevant. These documents and reports provided a 
thorough characterization of the energy storage policy landscape across states, and in doing so, 
helped to highlight policy options that North Carolina might consider for inclusion in statewide 
coordinated energy storage policy.  
 
Owing to the variety and complexity of state-level energy storage governance, our review 
focused on policies explicitly referencing energy storage. For example, a given policy was 
included in our review if energy storage was directly cited in the docket, order, plan, regulation, 
bill, or statute. Policies pertaining to issues like advanced metering infrastructure or data access 
were not separately considered if energy storage was not directly mentioned, even though 
policies such as these could ultimately play a role in, for example, increasing behind-the-meter 
(BTM) energy storage deployment. The review should thus be considered indicative, but not 
exhaustive. Owing to the rapid evolution of the energy storage policy landscape, the review 
should also be seen as representing a snapshot in time, reflecting sources available and reviewed 
as of October 24, 2018.  
 
Having identified a list of state policy options, we then characterized each by a series of factors 
to aid in determining the potential relevance or fit within a North Carolina statewide energy 
storage policy context. We noted whether each policy was found in states with deregulated 
electricity markets, whether they fell within the Southeast electric power market or PJM, whether 
providers with a North Carolina footprint (Duke, Dominion, Tennessee Valley Authority) served 
as an energy provider in the state, and whether the state required the filing of integrated resource 
plans (IRPs) or other similar planning document as part of the regulatory process. We also 
included the current proportion of generation assets in the state. The combined table can be 
found in Appendix 9C.  
 
9.2.1  Challenges to Energy Storage Deployment 
 
This review identified several challenges facing energy storage that are potentially addressable 
through policy or regulatory reform. Though the sources reviewed here often explored barriers to 
energy storage in the context of an individual state or wholesale market, the conclusions reached 
were generally consistent. Specifically identified in the literature, third-party summary reports, 
and case studies were the three primary categories of barriers to energy storage deployment in 
the U.S.: cost-competitiveness, an equitable and established regulatory environment, and 
acceptance of the technology by industry, regulators, and other affected stakeholders. Not all 
barriers were equally applicable in all places or with regard to all technologies or applications. 
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Furthermore, the most important challenges to energy storage may also vary from stakeholder to 
stakeholder (MDER et al., 2016). 
 
Cost Competitiveness 
 
Sources consulted here suggest that energy storage often requires consideration of the multiple 
services storage provides to be cost competitive (NGA, 2016). Furthermore, storage may not be 
eligible for existing financial incentives, nor may it be eligible to participate in every potential 
market for which it could theoretically participate (NGA, 2016). In addition to the installed cost 
of energy storage, Endemann et al. (2018) also note how storage applications may also require 
more routine management to address changing circumstances and service provision to the grid, 
potentially further increasing costs. Endemann et al. (2018) also cite uncertainty around the 
eligibility for specific revenue streams in the face of rapidly changing regulations and markets. 
This conclusion is echoed by Bhatnagar et al. (2013), who note that market access is limited in 
some areas due to outdated compensation mechanisms, or even a complete lack of markets for 
particular services, as well as lack of access to information on prices for ancillary services, 
particularly in vertically-integrated states. A difficulty in valuing services provided by storage is 
likewise cited by Bhatnagar and Loose (2012). 

 
In the context of other state-level reports or analyses, NY-BEST (2016) describes an inability to 
access or monetize the full value of storage in NYISO markets, as well as a lack of incentives 
and financing opportunities and high transaction costs. In the state of Maryland, costs are 
likewise mentioned, as is the difficulty of quantifying the value and monetizing the services 
provided by storage, an incompatible rate design, and continued linkage of utility profits to asset 
investment (MDNR 2017a, b). A 2014 California energy storage roadmap cited an inability to 
capture the full suite of revenue streams potentially generated by storage, and a need to reduce 
the cost of deployment (i.e., interconnection) and operations (California ISO et al., 2014). 
 
Established Regulatory Environment  
 
Another recurrent barrier to energy storage is an uncertain and at times incompatible regulatory 
environment. As early as 2012, concerns were specifically raised regarding how storage is 
defined and classified (e.g., generation, transmission, distribution), uncertainty over national 
(i.e., FERC) and state public utility commission jurisdiction, and potential tradeoffs between 
encouraging deployment through mandates and resulting system efficiency (Bhatnagar and 
Loose 2012). More recent assessments identified regulatory procedures like interconnection, 
local siting requirements, and fire codes as being either difficult to navigate or otherwise ill-
suited to the unique attributes of storage and storage technologies (NGA 2016).  
 
These general concerns have been borne out further in individual state assessments. In their 
review of experience with energy storage deployment in Colorado, New Jersey, Texas, and 
Wisconsin, for example, Bhatnagar et al. (2013) discuss the difficulties presented by outdated 
regulatory procedures and requirements that do not address the unique characteristics of energy 
storage. Stakeholders in the California energy storage roadmapping process identified a need for 
regulatory and process certainty (California ISO et al., 2014). A 2016 New York energy storage 
roadmap (NY-BEST, 2016) specifically cites barriers created by an absence of standardized 
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energy storage safety regulations. A recent Missouri Public Service Commission Staff Report on 
broader issues emerging in utility regulation identified questions of utility ownership of storage, 
particularly challenges of transmission and distribution utility ownership should storage be 
classified as generation, as well as the ability of utilities to access BTM capacity (MPSC 2018). 
In Maryland, issues of ownership and interconnection have been specifically identified as 
examples of outdated or incompatible regulatory processes (MDNR 2017a, b).  
 
Technology Acceptance 
 
Technology acceptance is both a function of the emerging nature of the technology and its 
various use applications. For example, previous analyses cite a lack of utility, consumer, and 
investor confidence in energy storage applications (NY-BEST, 2016; U.S. Department of 
Energy, 2013) and a need for validation of both safety and reliability (U.S. Department of 
Energy, 2013). Similarly, there has been an expansion in the availability of information on 
storage technology, applications, and economics, but there remains a lack of general awareness 
of energy storage capabilities, as well as lack of modeling capacity to assess storage economics 
and contributions (Bhatnagar et al., 2013). Such information gaps are among a variety of other 
cost and regulatory barriers cited in recent updates released as part of a continuing energy 
storage study effort in the state of Maryland (MDNR 2017a, b). 
 
 
In North Carolina, a primary barrier to the further deployment of energy storage is potentially the 
current regulated market structure itself. As Winfield et al. (2018) note, “[i]n monopoly regimes, 
the pathway to adoption into a regime is relatively direct, but largely at the discretion of the 
monopoly utility” (582). Information asymmetries between utilities and both regulators and 
third-party developers in regulated markets such as North Carolina can make deployment of 
front-of-meter applications challenging (Stanfield et al. 2017). These sentiments are further 
encapsulated in recent comments issued by the Public Staff at the North Carolina Utilities 
Commission in response to documents filed under the CPRE docket: 
 

Incorporating energy storage into the CPRE Program is a complex and technical 
concept, made even more difficult in North Carolina’s vertically integrated market where 
ancillary services do not have separate markets into which independent power producers 
can bid their energy storage resources. The Public Staff believes that properly valuing 
energy storage within proposals during the evaluation stage is inherently difficult in 
North Carolina, and that poor evaluation criteria might cause energy storage proposals 
to be beat out by solar-only proposals, potentially at the detriment of the public interest. 
(NCUC 2018; p5, para7) 

Apart from the general market structure that exists in the state, a few specific barriers were also 
identified in the literature and by stakeholders participating in the report development process.  
 
Our review under “Overview of Current and Pending Provisions Affecting Storage in North 
Carolina” above suggests that there are few policies or programs specifically targeted to storage 
but several that are potentially applicable to storage. Though current interconnection provisions 
reflect potential storage use cases, many other aspects of North Carolina state policy do not 
explicitly consider energy storage applications. This gap is not unexpected or surprising, given 
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the emerging nature of the technology and the frequency with which uncertain or incompatible 
regulations are cited as barriers in other states. Ledford (2015) reaches a similar conclusion, 
noting that several of the barriers reviewed therein were “universal in nature and affect North 
Carolina as they would any other jurisdiction” (p15), including issues of cost, performance, 
industry acceptance, an ability to evaluate potential and monetize value, and the presence of 
incompatible market and business models. 
 
Responses to an anonymous, self-selected survey distributed to the stakeholder group identified a 
few specific barriers to energy storage in the state. In the eight responses that were received, 
stakeholders generally suggested that storage provisions in nascent procurement programs were 
overly restrictive, that insufficient consideration was being given to non-wires alternatives, the 
continued existence of ambiguity or uncertainty with regulatory approval processes for energy 
storage, and a need to better integrate storage into existing modeling and planning efforts, 
particularly as it occurs in the context of utility IRPs (Appendix 9A, Table 9A.1). A subsequent 
request for comment on a draft review of North Carolina policy provisions likewise elicited 
comments on other provisions with the potential to affect storage in the state, including a lack of 
ancillary service markets, definitional uncertainty, an absence of storage-specific rates and 
business models, and the role of local permitting processes and tax policies (Appendix 9A, Table 
9A.2). 
 
9.2.2  Policies Relevant to Energy Storage Deployment 
 
The sources reviewed here identify a variety of areas in which policy or regulatory reform can 
influence the deployment of energy storage. These policy examples provide a basis from which 
to draw should the further deployment of energy storage be found to add value for North 
Carolina consumers. For example, ESA (2017) specifically emphasizes three separate classes of 
policy options: value (including the availability of incentives, financing, and appropriate rate 
design); competition (including procurement and planning processes, non-wire alternatives 
programs); and access (including interconnection, ownership options, and multi-service 
capabilities/stacking). Winfield et al. (2018) similarly identify three general categories of 
policies to encourage the further deployment of storage across a variety of market and national 
and subnational contexts: remove barriers to market participation; allow storage to participate in 
multiple markets; and create new market participation models (e.g., aggregators of BTM 
storage). Hart et al. (2018) meanwhile provide general policy guidance to states, specifically that 
they include deployment targets (including subtargets for different storage technologies), work 
with regional transmission organizations (RTOs) as necessary to revise rules allowing storage to 
participate in markets, encourage storage deployment through planning processes (i.e., integrated 
resource planning), and the implementation of innovative rates structures. 
 
The individual policies identified in our review can be further categorized into three overarching 
policy objectives consistent with the barriers discussed above: establish a consistent and 
compatible regulatory environment, improve cost competitiveness, and promote technology 
acceptance. There is a great deal of overlap between the types of policies potentially included 
under each, but the aggregation is nonetheless helpful to highlight commonalities between the 
basic outcome the individual measures are trying to achieve. A list of policy types most 
applicable to each objective is also provided to help link the discussion here to our survey of 
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state policies to facilitate energy storage (Appendix 9C); these are noted under “Policy 
Categories Included” at the end of each subsection. Note that the summary provided immediately 
below and the list of state policies provided in Appendix 9C merely recount the findings, 
experience, and recommendations as provided by existing analyses and reports; they do not 
necessarily reflect specific policy recommendations for the development of statewide energy 
policy in North Carolina. North Carolina-specific recommendations based upon the technical, 
economic, and policy analysis conducted herein can be found in Section 9.4. 
 
Establish a Consistent and Compatible Regulatory Environment  
 
Multiple sources suggest that energy storage can be facilitated by a regulatory environment that 
includes technology-neutral monetizing mechanisms and standards for siting, performance, 
integration, and procurement (U.S. Department of Energy, 2013; Endemann et al., 2018). This 
could entail development of regulatory processes for interconnection that specifically consider 
energy storage, potentially even offering a separate, expedited or reduced-burden requirements 
for non-exporting systems (NGA 2016; Stanfield et al. 2017). Another recurrent element in the 
literature is the need for planning processes to evaluate the role of storage, including the detailing 
of specific valuation methods, the process for ensuring consideration of non-wires alternatives, 
and the sharing of hosting capacity analyses to identify areas for storage interconnection (NGA 
2016; Stanfield et al. 2017). Also important is consideration of how to link energy storage to 
other pre-existing planning efforts, programs, or objectives. The incorporation of storage into 
resiliency or energy assurance plans is one particular area discussed in the literature (NGA, 
2016). Another consideration discussed in the literature is how to link storage to state renewable 
portfolio standard (RPS) programs, particularly the mechanisms by which renewable energy 
certificates (RECs) are issued (e.g., Holt and Olinsky-Paul 2014). To the extent that established 
regulations create value for various storage applications or services, there is inherent overlap 
with the second category below (“Improve Cost Competitiveness”). 
 
Policy Categories Included: Analysis, R&D, & Market Support; Planning & Access; Business 
Model & Rate Reform; Mandates; Process & Approvals 
 
Improve Cost Competitiveness  
 
This category includes direct financial incentives, such as direct grants or tax incentives. It could 
also include the creation of markets or other mechanisms to generate value for storage systems, 
such as time-of-use or other favorable rate structures, or other price signals such as demand 
charges, demand reduction auctions, or other incentives for customer or BTM systems (Stanfield 
et al. 2017). The category could further include various financing approaches to specifically 
support the installation and operation of storage (see, e.g., Endemann et al. 2018), or energy 
regulations that recognize and/or help to monetize the multiple services provided by energy 
storage (U.S. Department of Energy, 2013; NGA, 2016). Likewise important is clarification of 
ownership and how storage is classified for the purposes of transmission and distribution cost 
recovery (Stanfield et al. 2017). The use of procurement targets to create certainty for future 
capacity demand is likewise discussed in the literature (e.g., NGA, 2016), as are the complexities 
of establishing such a target, particularly as it pertains to uncertainties surrounding future cost 
declines and whether to set restrictions about minimum and maximum deployment (Hledik et al. 
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2018). In these respects, there is a great deal of overlap with the previous category (“Establish a 
Consistent and Compatible Regulatory Environment”). 
 
Policy Categories Included: Analysis, R&D, & Market Support; Planning & Access, Business 
Model & Rate Reform; Process & Approvals; Incentives & Financing; Utility-Driven 
Demonstrations 
 
Promote Technology Acceptance  
 
This policy objective can be partially addressed through efforts to establish a consistent 
regulatory environment and to improve cost-competitiveness. More targeted efforts include 
research and development funding, public-private partnerships, and demonstration projects (e.g., 
NGA, 2016). Also important is the development of safety standards and operational and 
decommissioning procedures to guide storage siting, approval, and use (U.S. Department of 
Energy, 2013; NGA, 2016). Development of these standards and procedures is seen as a priority 
area in some markets. For example, a recent New York storage roadmap (NY-BEST, 2016) 
identified addressing an absence of standardized safety regulations as the most immediate of 
short-term goals, preceding even modification of wholesale market rules. 
 
Policy Categories Included: Analysis, R&D, & Market Support; Planning & Access; Process & 
Approvals; Utility-Driven Demonstrations 
 
 
As above, there is a great deal of policy category overlap between the above objectives. For 
example, research and development can also lower the costs of future storage installation and 
operation. Clarification of regulatory provisions can reduce transaction costs, again reducing the 
total costs of installation and operation. Alternatively, establishment of long-term procurement 
targets or clarification of eligibility for certain value streams can increase the certainty of future 
income and potentially allow for greater costs to be tolerated at the outset.  
 
9.2.3  Recent Energy Storage Policy Experience in Other States 
 
As Stanfield et al. (2017) suggest, states considering mechanisms to facilitate energy storage 
“should leverage other states' experience with storage, as well as the growing body of reputable 
evidence about energy storage, to avoid more time- and resource-intensive exploratory steps” 
(p27). For this reason, we endeavored to develop, if not a comprehensive, at least an indicative 
assessment of existing state energy storage policy interventions to-date. A list of policies 
proposed or implemented by U.S. states regarding energy storage is provided in Appendix 9C, 
organized by the coding structure detailed in Appendix 9B. In addition to a general description of 
each state policy, Appendix 9C also includes the general category of policy type, again using a 
modified version of the organizational approach developed under the 50 States of Grid 
Modernization report series. Also detailed is a series of planning, regulatory, and resource 
attributes that can help to determine the potential relevance or fit within a North Carolina 
statewide energy policy context. 
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In aggregate, the policies reviewed in Appendix 9C are themselves indicative of certain trends. 
First is geography. States seen as leaders as first-movers in energy storage—California, 
Massachusetts, New York—also contribute a higher proportion of documented policies (Figure 
1). Several other states—Hawaii, Vermont, Minnesota, Arizona, Texas, and Nevada—also 
contribute a relatively higher proportion of policies than most other states. Many of these 
states—California, Hawaii, and Arizona, and Texas in particular— are also leaders in terms of 
installed capacity (Section 2). 
 

 
Figure 9.1. Proportion of total policies identified, by state. 
 
A second observation of the aggregate listing of state policies is the distribution across policy 
type. Looking only at primary policy categories as discussed in the introduction to this section 
and detailed further in Appendix 9B, Planning & Access and Process & Approvals clearly make 
up a majority of policies documented here (Figure 9.2). This is not surprising given the emerging 
nature of the technology and the above-mentioned challenges energy storage has faced in 
integration with existing planning processes and regulations. Incentives and demonstrations 
likewise make up a large proportion of total policies, again stemming from the emerging nature 
of the technology and its applications. 
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Figure 9.2. Count of total policies identified, by primary and secondary policy category. 
 
9.3  Previous Energy Storage Policy Conclusions Relevant to North Carolina 
 
There have been numerous reports issued either in the context of state energy studies or 
conducted by third-parties to help inform policy deliberations. Though the findings and 
recommendations from these various analyses are discussed throughout this section, a subset are 
of particular interest to North Carolina owing either to their particular market context, their 
geographic proximity, or the barriers they are seeking to address. VDPS (2017), for example, 
offers multiple recommendations to encourage the deployment of storage in Vermont, a 
vertically-integrated state. Specifically, they recommend the adoption of guidance documents to 
inform integrated resource plan (IRP) consideration of storage, the institution of time or 
geographically variable rates, amendment of regulatory review procedures and interconnection 
standards (including streamlined process for small projects), and amendment of existing 
incentive programs to include storage. Procurement targets were mentioned as receiving both 
support and opposition by various stakeholders.  
 
Energy Transition Lab (2017) discusses several policy interventions or demonstration and pilot 
project initiatives that could be implemented in Minnesota, another vertically-integrated, 
regulated state. In that report, the authors specifically cite clarification of cost recovery 
provisions for storage, clarification that future capacity requirements be technology neutral, a 
need to update the tools and processes for evaluating storage in the context of integrated resource 
planning, and development of supportive rate structures. Recent study updates issued from the 
state of Maryland provide alternative perspectives from a regionally-proximate PJM market 
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state. In the context of their state energy study, stakeholder support was identified for mandates 
and procurement targets, various rate reforms, pilot projects (MDNR (2017b). Support was also 
implied for incentives and technology-neutral approaches. 
 
Though the above analyses may have some relevance to the development of energy storage 
policy in North Carolina, our review identified very few sources with recommendations specific 
to the state. Those that were identified are briefly reviewed below. Note that discussion of these 
sources does not indicate endorsement of their findings or the recommendations they offer. 
Rather, they should be seen as a useful data point on perceived gaps and suggested policy 
solutions as held by various stakeholders participating in energy storage policy deliberations. 
 
Ledford (2015) describes the barriers facing storage in North Carolina, citing many of the same 
specific types reviewed above (e.g., industry acceptance, validated performance, inability to 
monetize value). Issues of jurisdictional conflict and storage classification are also noted as being 
less an issue in the state than they might be in other areas of the country owing to the minimal 
footprint of wholesale markets. As for recommended policy solutions, Ledford (2015) suggests 
that regulators coordinate oversight to minimize regulatory conflicts and that residential rate 
designs be reformed to provide increased incentives for battery installation and use. Also noted is 
the role of NCUC in creating a market for ancillary services, specifically by requiring utilities to 
compensate third parties for the services provided. 
 
In their review of emerging energy issues in the state, The Center for a New Energy Economy 
(CNEE, 2017) offers several recommendations to encourage energy storage in North Carolina. 
On the regulatory front, they suggest extending interconnection rules to municipal utilities and 
co-ops, requiring consideration of energy storage for the purposes of both supply and demand 
management, and providing data access to facilitate third-party developer supply of storage-
related services. With regard to financing, they recommend incentives for BTM storage, either 
directly or through authorization of utility-offered programs, incentives for storage-facilitated 
reliability and micro-grid applications, and financing for commercial BTM applications to reduce 
demand charges. 
 
Finally, in its recommendations to increase energy storage in the state, AJP (2016) suggests that 
the NCUC develop a process for the valuation of storage-related services and to specifically 
include assessment of storage in utility IRPs, increased data transparency, specifically the 
requirement that utilities disclose prices on a sub-hourly basis. They also recommend that cost 
recovery provisions be extended to include the leasing of storage capacity. 
 
9.4  Development of a Statewide Coordinated Energy Storage Policy in North Carolina 
 
The context of the particular policy problem is absolutely critical in framing potential policy 
options. As Stanfield et al. (2017) note, “the best starting point is to understand how the outcome 
of a valuation effort will be used to guide decision making. If a state is seeking a value for 
storage to help guide high-level policy decisions, this type of valuation will likely differ from 
that used to evaluate utility investment decisions, or to set a procurement price or rate” (p11). In 
the case of the present analysis, we are guided by our state legislative mandate as defined in Part 
XII (Energy Storage Study) of House Bill 589, specifically “the identification of existing policies 
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and recommended policy changes that may be considered to address a statewide coordinated 
energy storage policy.”  
 
The final report will synthesize the above discussion and insights generated from the technical 
analyses to generate policy recommendations for the development of a statewide coordinated 
energy storage policy. This section of the report will provide an overview of potential policy 
options, roughly arrayed by magnitude of change required: 1) approaches that are compatible 
or possible under existing regulatory processes or authorities; 2) approaches that require reform 
of existing regulatory processes; and 3) approaches that require statutory intervention. Drawing 
again from our review of barriers and policies deployed in other states, this section will also 
provide a short discussion of the potential feasibility and/or practicability of identified options. 
In doing so, we will attempt to link conclusions supported by our analysis to a series of potential 
endpoints, allowing the reader to make informed decisions on the implications of adopting a 
particular course of action. 
 
 
  



 

 138 

References Cited  
American Jobs Project (AJP) (2016). North Carolina Jobs Project: A Guide to Creating 

Advanced Energy Jobs. http://americanjobsproject.us/wp-content/uploads/2016/04/NC-Full-
report-update-4.13.pdf (last accessed September 24, 2018). 

Bhatnagar D, Currier A, Hernandez J, Ma O, Kirby B (2013). Market and Policy Barriers to 
Energy Storage Deployment: A Study for the Energy Storage Systems Program. SAND2013-
7606. U.S. Department of Energy, Sandia National Laboratories, Albuquerque, NM. 

Bhatnagar D, Loose V (2012). Evaluating Utility Procured Electric Energy Storage Resources: A 
Perspective for State Electric Utility Regulators. SAND2012-9422. U.S. Department of 
Energy, Sandia National Laboratories, Albuquerque, NM. 

California Independent System Operator (ISO), California Public Utilities Commission, and 
California Energy Commission. (2014). Advancing and Maximizing the Value of Energy 
Storage Technology: A California Roadmap. https://www.caiso.com/documents/advancing-
maximizingvalueofenergystoragetechnology_californiaroadmap.pdf (last accessed October 
10, 2018). 

Center for the New Energy Economy (CNEE). (2017). State Brief: North Carolina. Colorado 
State University, Fort Collins, CO. 

Dominion Energy (2017a). Kitty Hawk NC Microgrid Research Project, 2017 Study Report to 
North Carolina Utilities Commission, Company Exhibit GEH-1, North Carolina Utilities 
Commission, Raleigh, NC. 

Dominion Energy (2017b). Virginia Electric and Power Company’s Report of Its Integrated 
Resource Plan Before the Virginia State Corporation Commission and North Carolina 
Utilities Commission. Public Version. Case No. PUR-2017-00051; Docket No. E-100, Sub 
147, Division of Public Utility Regulation, Richmond, VA, and North Carolina Utilities 
Commission, Raleigh, NC. 

Duke Energy Carolinas. (2018a). Duke Energy Carolinas, LLC 2018 Integrated Resource Plan 
and 2018 REPS Compliance Plan Docket No. E-100, Sub 157, North Carolina Utilities 
Commission, Raleigh, NC. 

Duke Energy Carolinas. (2018b). Duke Energy Carolinas, LLC's REPS Cost Recovery Rider and 
2017 Compliance Report, Docket No. E-7, Sub 1162, North Carolina Utilities Commission, 
Raleigh, NC. 

Duke Energy Carolinas (DEC), Duke Energy Progress (DEP). (2018). Duke Energy Carolinas, 
LLC’s and Duke Energy Progress, LLC’s Final pro forma CPRE Tranche 1 PPA, Docket 
Nos. E-2, Sub 1159 and E-7, Sub 1156, North Carolina Utilities Commission, Raleigh, NC. 

Duke Energy Progress. (2018a). Duke Energy Progress, LLC Application for Certificate of 
Public Convenience and Necessity - Hot Springs Microgrid Solar and Battery Storage 
Facility, Docket No. E-2, Sub 1185, North Carolina Utilities Commission, Raleigh, NC. 

Duke Energy Progress. (2018b). Duke Energy Progress, LLC 2018 Integrated Resource Plan and 
2018 REPS Compliance Plan Docket No. E-100, Sub 157, North Carolina Utilities 
Commission, Raleigh, NC. 

Duke Energy Progress. (2018c). Duke Energy Progress, LLC's REPS Cost Recovery Rider and 
2017 Compliance Report, Docket No. E-2, Sub 1175, North Carolina Utilities Commission, 
Raleigh, NC. 

Duke Energy Progress. (2018d). Duke Energy Progress, LLC Western Carolinas Modernization 
Project Annual Progress Report, Docket No. E-2, Sub 1089, North Carolina Utilities 
Commission, Raleigh, NC. 



 

 139 

Endemann BB (ed.), Berry KA, Crouse EC, …& Nahum NR (2018). K&L Gates Energy Storage 
Handbook. Version 2. http://www.klgates.com/energy-storage-handbook-10-17-2017/ (last 
accessed August 31, 2018). 

Energy Storage Association. (2017). State Policies to Fully Charge Advanced Energy Storage: 
The Menu of Options. Washington, D.C. 

Energy Transition Lab. (2017). Modernizing Minnesota’s Grid: An Economic Analysis of 
Energy Storage Opportunities. Institute on the Environment, University of Minnesota. Online 
at: http://energytransition.umn.edu/wp-content/uploads/2017/07/Workshop-Report-Final.pdf  
(last accessed October 17, 2018). 

Hart DM, Bonvillian WB, Austin N (2018). Energy Storage for the Grid: Policy Options for 
Sustaining Innovation. MIT Energy Initiative Working Paper. Cambridge, MA. 

Hledik R, Chang J, Lueken R, Pfeifenberger J, Pedtke JI, Vollen J (2018). The Economic 
Potential for Energy Storage in Nevada. Report prepared for the Public Utilities Commission 
of Nevada, Nevada Governor’s Office of Energy. The Brattle Group. Cambridge, MA. 

Holt E, Olinsky-Paul T (2014). Does Energy Storage Fit in an RPS? Report Prepared for the 
State-Federal RPS Collaborative. Clean Energy States Alliance. Montpelier, VT. 

Maryland Department of Natural Resources. (2017a). Energy Storage Report Update. 
https://dnr.maryland.gov/pprp/Documents/Status-Report-PPRAC-20171115.pdf (last 
accessed October 10, 2018). 

Maryland Department of Natural Resources (MDNR). (2017b). Energy Storage Study Status 
Update as of October 26, 2017. http://dnr.maryland.gov/pprp/Documents/1b-Report-Status-
Update-Memo.pdf (last accessed September 14, 2018). 

Massachusetts Department of Energy Resources (MDER), Massachusetts Clean Energy Center, 
Customized Energy Solutions, Sustainable Energy Advantage, Daymark, Alevo Analytics 
(2016). State of Charge: Massachusetts Energy Storage Initiative. 
http://energystorage.org/system/files/attachments/ma_storage_study.final_w5768299x7ac2e.
pdf (last accessed September 14, 2018). 

Missouri Public Service Commission (MPSC). (2018). Staff Report on Distributed Energy 
Resources. Online at: 
https://www.efis.psc.mo.gov/mpsc/commoncomponents/viewdocument.asp?DocId=9360946
16 (last accessed October 12, 2018). 

National Governors Association (NGA) (2016). State Strategies for Advancing the Use of 
Energy Storage. Washington, D.C. 

New York Battery and Energy Storage Technology Consortium (NY-BEST). (2016). Energy 
Storage Roadmap. Online at: https://www.ny-best.org/page/2016-energy-storage-roadmap-
new-yorks-electric-grid (last accessed October 17, 2018).  

North Carolina Clean Energy Technology Center (NCCETC) (2018). The 50 States of Grid 
Modernization: Q1 2018 Quarterly Report, Raleigh, NC. 

Ledford P (2015). Batteries Not Included: Identifying and Approaching Barriers to Batteries on 
the Grid. North Carolina Sustainable Energy Association. Raleigh, NC.  

North Carolina Sustainable Energy Association (NCSEA) (2016). Energy Storage Working 
Group Interim Report. Online at: https://energync.org/wp-
content/uploads/2017/03/Energy_Storage_Working_Group_Interim_Report.pdf (last 
accessed September 18, 2018). 

North Carolina Utilities Commission (NCUC) (2018). Comments of the Public Staff in Response 
to Joint Motion of NCSEA and NCCEBA In the Matter of: Request of Duke Energy 



 

 140 

Carolinas, LLC and Duke Energy Progress, LLC, Petition for Approval of CPRE Program to 
Implement NC Gen Stat 62-110.8. Docket No. E-2, SUB 1159; Docket No. E-7, SUB 1156, 
Raleigh, NC. 

Working Group Interim Report. https://energync.org/wp-
content/uploads/2017/03/Energy_Storage_Working_Group_Interim_Report.pdf (last 
accessed September 18, 2018). 

Stanfield S, Petta JS, Auck SB (2017). Charging Ahead: An Energy Storage Guide for State 
Policymakers. Interstate Renewable Energy Council, Latham, New York. 

U.S. Department of Energy. (2013). Grid Energy Storage. Washington, D.C. 
Vermont Department of Public Service (VDPS). (2017). Final Report on Deploying Storage on 

the Vermont Electric Transmission and Distribution System. Montpelier, VT. 
Winfield M, Shokrzadeh S, Jones A (2018). Energy policy regime change and advanced energy 

storage: A comparative analysis. Energy Policy, 115: 572–583. 
 
Further Reading 
 
Colorado State University Center for the New Energy Economy. (2017). Nevada State Brief. 

Online at: http://cnee.colostate.edu/wp-content/uploads/2017/07/State-
Brief_NV_Sept_update.pdf (last accessed August 1, 2018). 

Connecticut Department of Energy and Environmental Protection. (2018). Comprehensive 
Energy Strategy. Online at: 
http://www.ct.gov/deep/lib/deep/energy/ces/2018_comprehensive_energy_strategy.pdf (last 
accessed August 1, 2018). 

Governor’s Office of Energy. (2017). Nevada 2017 Status of Energy Report. Online at: 
http://energy.nv.gov/uploadedFiles/energynvgov/content/About/2017%20SOE%20v10.4%20
(High%20Res).pdf (last accessed October 12, 2018). 

Maryland Department of Natural Resources. (2018). Energy Storage Technology Study Initial 
Findings. Online at: https://dnr.maryland.gov/pprp/Documents/Initial-Findings-Final.pdf (last 
accessed August 1, 2018). 

Michigan Public Service Commission. (2018). Report on the MPSC Staff Study to Develop a 
Cost-of-Service-based Distributed Generation Program Tariff. Online at: 
https://www.michigan.gov/documents/mpsc/MPSC_Staff_DG_Report_with_Appendices_61
4779_7.pdf (last accessed August 1, 2018). 

New York Battery and Energy Storage Technology Consortium (NY-BEST). (2018). Energy 
Storage Guide. Online at: https://www.ny-
best.org/sites/default/files/resources/Energy%20Storage%20Guide%205.17.pdf (last 
accessed October 15, 2018). 

New York Independent System Operator (NYISO). (2017). The State of Storage: Energy Storage 
Resources in New York’s Wholesale Electricity Markets. Online at: 
https://home.nyiso.com/wp-
content/uploads/2017/12/State_of_Storage_Report_Final_1Dec2017.pdf (last accessed 
October 12, 2018). 

The Climate Group (2017). California’s Energy Storage Procurement Mandate. Online at: 
https://www.theclimategroup.org/sites/default/files/downloads/etp_californiacasestudy_apr20
17.pdf (last accessed October 15, 2018). 

 
  



 

 141 

Appendix 9A. Stakeholder comments received on specific elements from Section 9: 
Identification of Barriers and Policy Options 
 
 
Table 9A.1. Comments on the potential policies or programs with the greatest ability to 
influence energy storage in North Carolina as received through an anonymous, self-selected 
survey made available to the study stakeholder group. The exact text of comments has been 
preserved here, though some formatting revisions have been made to minimize space. 

This section in the Duke Energy Service Regulations makes it impossible for a large corporation to effectively 

install EV charging stations. Duke's response is to "rent" the space, this creates a logistical nite mare to manage. 

What is being ask is no different than the exception granted landlord for the resale of electricity via the user and 

the owner of the EV charging station: "Resale Service This contract is made and electricity is sold and delivered 

upon the express condition that electricity supplied by the Company shall be for the Customer’s use only and 

the Customer shall not directly or indirectly sell or resell, assign, or otherwise dispose of the electricity or any 

part thereof, on a metered or unmetered basis to any person, firm or corporation except, (1) as provided for in 

G.S. 62-110(h) regarding resale of electricity by landlords to residential tenants where the landlord has a 

separate lease for each bedroom in the unit, and where such landlord has complied with the requirements in 

Chapter 22 of the Rules and Regulations of the Commission, or (2) as may be exempt from regulation under G.S. 

62-3(23)(d) and (h). Under no circumstances will the Company supply electricity for resale in competition with 

the Company." 

Mandating that utilities consider non-wire alternative solutions (NWS) on equal footing to conventional wire 

solutions, whenever the need arises for grid upgrades due to capacity or reliability reasons. 

(1) NC Interconnection procedures will define how storage IX requests are studied and whether storage 

additions are "material modification", (2) Integrated resource planning could set the "roadmap" for storage 

deployment, (3) the modeling that supports the IRP process must properly account for the value streams 

storage can provide, (4) the current storage provisions filed by Duke for the CPRE are overly restrictive 

NON-STORAGE SPECIFIC: Increasing penetration of variable/non-dispatchable wind/solar; Increasing 

penetration of DERs; More stringent local ambient air quality regulations. STORAGE SPECIFIC: Policies that 

increase grid access (reforms to interconnection processes for storage; framework for multiple-use storage 

[end-user / Dx / Tx]; reforms to procurement processes; regulatory reforms that enable hybrid business models; 

removal of classification barriers for all stakeholders to own storage); Policies that increase competition 

(inclusion and appropriate modeling in IRPs; inclusion in Distribution Resource Planning; use of all-source RFPs 

and/or a non-wires alternatives framework; inclusion in transmission planning; eligibility/credit in existing 

programs [DR, PURPA, RPS, etc]; eligibility to participate in wholesale markets); Policies that enable valuation 

(incentive programs [rebate, tax credit, etc]; deployment targets or mandates; use of state financing authorities 

to lever cheaper/more private capital; programs to value time of delivery of energy [clean peak std, etc]; 

reformed rate designs that value time of delivery, demand management). 

The IREC and ESA reports on state policy for energy storage (already included in your lit review, but reflagged 

here) all both strong resources identify and detailing the specific approaches states have taken and should take 

with storage. To influence adoption, the models suggest making storage a part of renewable energy 

procurements, developing direct incentive programs (e.g. SGIP in CA and ACES in MA), embedding energy 

storage within integrated resource planning, and develop time varying rates that incentivize storage ownership 

and operation. Some specific initial policy actions the reports recommend for states are to clarify 

interconnection standards and ownership models, require fair consideration and valuation of storage in utility 

planning, and create mechanisms for full value capture. On the emissions side, another piece to consider is the 

SGIP Working Group Report on GHG emissions. [http://energystorage.org/statepolicymenu; 

https://irecusa.org/2017/04/irec-releases-energy-storage-guide-for-policymakers/; 

http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=6442457832]. 
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I am not an engineer but it seems to me the two highest value propositions for energy storage in the near-term 

are (1) discharging dispatchable batteries/storage to "clip the peak" and avoid or reduce demand charges and 

(2) using batteries as flexload capable of soaking up operationally excess energy. As to the flexload value 

proposition, increasing the numbers of electric vehicles on the grid may enable systemic load shifting of 

charging into the periods of the day when solar is producing and help soak up what would otherwise be 

operationally excess energy and help "clean and green" the electricity driving these vehicles. If experts agree 

with these premises, why wouldn't we consider/promote a state-level incentive to drive electric vehicle 

adoption which would promote (1) capture of this flexload value AND (2) drive cost reduction in lithium ion 

battery technology via economies of scope/scale, which in turn will drive down the cost of EVs and stationary 

dispatchable batteries? 

NC General Assembly: HB589 banned third-party power-purchase agreements for solar (and other generation), 

repealing that would help storage deployment; it would help if the NCGA passed PACE legislation for financing 

storage and solar on property tax bills (was introduced 2017 as SB493; hopefully will come up again in 2019); it 

would help if NCGA repealed caps and expiration dates on solar programs established by HB589; it would help if 

NCGA enacted more robust community solar legislation than that provided in HB589; strategically-sited 

community solar systems paired with storage could be of significant value to the grid; such legislation should 

allow community ownership (not just utility ownership) and require low-income accessibility and guaranteed 

savings for participants. NC Utilities Commission: it would help if NCUC held evidentiary hearings on Duke 

Energy’s Integrated Resource Plan so that expert witnesses could argue the value of renewables and storage 

over continued coal generation and increased gas generation; should require more explicit proof from Duke 

Energy that the company is proposing lowest-cost generation (some states have already rejected gas plant 

applications as more costly than solar+storage; that day is not far away in NC); should require more explicit 

proof from Duke Energy of its demand projections; experts have argued that Duke maintains excess generation 

capacity that far exceeds legal and regulatory standards. Duke Energy: should be required to offer on-bill 

financing of solar, storage and energy efficiency upgrades. Governor/DEQ: should reverse decision on approval 

of Atlantic Coast Pipeline permits; increased use of natural gas will only slow the deployment of storage; 

pipelines will become stranded assets and customer rates should be used instead to pay for storage 
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Table 9A.2. Comments received on the September 27, 2018 draft write-up of the section entitled 
“Energy Storage Policy and Regulatory Context in North Carolina” through an anonymous, self-
selected survey made available to the study stakeholder group. The exact text of comments has 
been preserved here. 

I'm am not certain that this is helpful, but I see this as an opportunity for an optimization study of cost shifting 

or balancing of utility, commercial and residential (suppliers) overlaid on the topography (demand) of the state 

indicating where installations should be placed, how much and and by which of the aforementioned three 

market suppliers. 

The categories are appropriate, but the report section is missing analysis that synthesizes the findings from all 

these categories and depicts the current state of the policy landscape for storage in the state in a 

comprehensive manner, even at a high level. e.g., uncertainty about definitional issues (is storage included in 

REPS target, is storage a utility, is adding storage a major modification, does adding storage to a solar farm 

exceed PURPA limits based on nameplate capacity, etc.), virtually no storage-specific business models, rates, 

few programs to promote storage outside of demonstration projects. I'd also like to see the report explicitly 

acknowledge the categories of policies and programs that are available in other states but absent in NC, 

whether in this section or another. The report also glosses over the myriad local level policies that are not 

storage-specific, but have an impact nonetheless, such as permitting ordinances, tax incentives, etc. 

The draft makes mention of ancillary services markets in PJM, but should also state that similar markets are not 

currently availalbe for storage in NC. This is significant because battery storage (and its related inverters) can 

provide ancillary services which are lower cost and faster responding than similar services from conventional 

static compensators or rotating generation equipment. 
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Appendix 9B. Description of Policy Categories and individual Policy Types used to classify 
policies in the review of existing state initiatives on energy storage. 

Analysis, R&D, & Market Support: Efforts to support research, technical development, and storage 
deployment, ranging from studies to technology development to training programs. 

Research Support Includes R&D and direct technical assistance for the purposes of tech 
development and deployment 

Energy Storage Study An analysis of the technical and/or economic potential of storage with a goal 
of informing policy. 

Planning & Access: Efforts to define, reform, or refine utility planning processes and/or the rules affecting 
access to everything from data to state or wholesale markets. 

Integrated Resource Planning Focuses on aspect of reforming, removing, or creating requirements within the 
IRP process. 

Roadmap Development 
A discrete planning process to identify policy, technology, and/or market 
needs to develop and deploy storage, as well as the processes by which to 
address those needs. 

Clean Peak Standard/RPS Focuses on aspects of incorporating energy storage into Clean Peak and 
Renewable Energy goals 

Moratorium/ Cap on 
Procurement Caps utility procurement from non-renewable sources of electricity generation 

Wholesale Market Rules Focuses on aspects of the bidding process(es) and market-based mechanisms 
for incorporating energy storage. 

Open-Access Grid Data Focuses on aspects of requiring electric grid data to be shared. 

Grid Modernization Planning Focused on aspects of requirements for updating electricity grids including 
defining suitable energy storage applications within grid. 

Load Management Plan Focuses on energy storage consideration for load management 

Non-Wires Alternatives Focuses on grid options to reduce and prevent further wires deployment for 
transmission of electricity 

Business Model & Rate Reform: Efforts to change how utilities are regulated or operate under a particular state 
or wholesale market. Can also consist of more targeted changes to rate design (e.g., time-of-use rates, demand 
charges). 

Rate Design Focuses appropriate costs of service, payment programs and/or exemptions in 
rate payments. 

Utility Business Model Reform Focuses on Utility requirements regarding generation assets, performance-
based metrics tied to utility revenues, and deregulation efforts. 

Time-Varying Rates Focuses on details of piloting or requiring utilities to offer TOU rate option. 

Fixed Charges Focuses on requirements regarding design and magnitude of fixed-charges to 
customers. 

Mandates: Policies establishing minimum deployment targets or performance standards. 
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Clean Peak Standard Focuses on requirement for percentage of energy used to meet peak load hours 
to be derived from clean sources. 

Energy Storage Target 
Focuses on proposed or currently mandated energy storage targets in MWs. In 
addition, some specify which technologies can be considered in meeting 
storage target. Can also refer to soft targets or goals. 

RPS Focuses on aspects of reforming, renaming, and Renewable Energy goals to 
better accommodate and incorporate newer technologies like energy storage. 

Self-Directed Program Required Commission to promote renewables and energy storage 
technologies. 

Energy Storage Substation 
Mandate 

Focuses on a more specific energy storage of number of substations or feeders 
featuring energy storage. 

Process & Approvals: Policies that govern the regulatory process for the deployment of storage (e.g., 
interconnection standards, compensation rules). 

Interconnection Focuses on aspects of developing, recommending, reforming and exempting 
issues within interconnection rules/standards.  

Energy Storage Compensation 
Similar to rate design policy type - focuses on energy storage and DG 
eligibility under different compensation mechanism and reforming of metering 
rules. 

Permitting Process 
Focuses on streamlining the permit process, reducing the burden and costs to 
residential customers, and/or restrictions on receiving a permit for energy 
storage. 

Procurement Authority Focuses on establishing organizational/agency authority to set and energy 
storage target. 

Energy Storage Cost Recovery Focuses specifically on timeline of utility cost recovery. 

Distributed Energy Resources Focuses on utility guidelines for DER, including what technologies constitute 
DER. 

Energy Storage Ownership Focuses on definitions and details for utility ownership of energy storage 
assets. 

Safety and Building Code 
Requirements 

Focuses on building requirements and proposed energy storage specific safety 
regulations. 

Microgrid Rules Focuses on rules specific to energy storage role in microgrids. 
Defining Storage Services Focuses on defining eligibility of energy storage for services. 

Wholesale Pricing Focuses on rules governing price mechanisms for whole energy storage. 

Incentives & Financing: Policies that provide funding to, defray the cost of, or provide an increased benefit for, 
the deployment of storage. 

On-Bill Financing 
Focuses on program in which the utility incurs the cost of the clean energy 
upgrade, specific to energy storage, but is then repaid by customer on the 
utility bill 

Rebate Program Focuses on establishing or increasing funds for rebate programs eligible to 
energy storage technologies. 

Low-Income Incentive Program Focuses on establishing or increasing funds programs providing funding to 
incentivize energy storage for low-income customers and communities. 

Grant Program Focuses on establishing or increasing funds for programs offering grants 
eligible to energy storage technologies. 
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Tax Credit Focuses on the creation or expansion of tax credits for installing energy 
storage systems. 

Performance-Based Incentive Focuses on establishing energy storage incentive programs based on 
performance metrics. 

Tax Exemption Focuses on establishing tax exemption for energy storage systems under state 
tax code.  

Developer Incentive Focuses on initiatives to decrease barriers for energy storage businesses to 
establish business in state. 

Financing Program Focuses on establishing finance programs and/or defining energy storage 
systems for eligibility  

Solar + Storage Incentive Focuses on establishing financials adder if solar is paired with energy storage 

Utility-Driven Demonstrations: Utility-led programs to purchase, fund, or deploy of storage. Note that the 
emphasis here is on programs for deployment, not individual installations themselves. 

Energy Storage & Procurement 
Plan Focuses on utility-scale energy storage purchase or deployment. 

Energy Storage Proposals Focuses on utility proposals/plans for energy storage, including states 
requiring utilities to submit proposals. 

Grid Modernization Focuses on proposing and implementing grid modernization projects. 



Policy Category 
(Primary)

Policy Type 
(Primary)

Policy Category 
(Secondary)

Policy Type 
(Secondary) Description State

Regulated 
Electricity 

Market (yes= x)1

Southeast 
Region 

(yes= x)2

Duke 
Presence in 

State (yes= x)

Dominion 
Presence in 

State (yes= x)

TVA 
Presence in 
State (yes= 

PJM 
Presence in 

State (yes=x)

IRP 
(yes= 

x)3 Policy Source

Process & 

Approvals Interconnection

North Carolina adopted revised interconnection standards in 2015. Subsequent working groups convened 

to review how the revised standards are functioning are assessed, among other elements, the role of new 

technologies like energy storage. A December 2017 report submitted by the Public Staff indicated that 

consensus on necessary revisions to the standard could not be reached, but there was nonetheless 

agreement that the resulting standards should apply to energy storage. NC x x x x x x x NCCETC (2018) 

Utility-Driven 

Demonstrations

Grid 

Modernization

Investor-owned utilities were required to submit Smart Grid Technology Plans as part of their Biennial IRP 

and Renewable Energy Portfolio Standard Compliance proceeding. Submitted plans included a variety of 

smart grid technologies and applications including AMI and microgrid projects. Submitted plans were 

subsequently approved by the North Carolina Utilities Commission, but the Commission also requested that 

discussions around customer data access continue. NC x x x x x x x NCCETC (2018) 

Analysis, R&D, & 

Market Support

Energy Storage 

Study

H.B. 589 directed the North Carolina Policy Collaboratory to study how energy storage technologies may or 

may not provide value to North Carolina consumers. The study was to address the feasibility of storage in 

the state, the economic potential or impact of storage deployment, and recommended policy changes that 

may be considered. NC x x x x x x x

https://www2.ncleg.net/BillLookup/2017/h58
9

Process & 

Approvals

Energy Storage 

Compensation

In July 2017, Duke Energy Indiana submitted a petition for approval of a new tariff (for small commercial and 

residential customers) that would be applied to customers opting out of AMI equipment installation. The tariff 

would not be available for customers using TOU rates or participating in net metering, and customers would 

not be eligible to participate in any new services that require the use of smart meters. A hearing on a 

subsequent settlement agreement related to the petition was held in March 2018. IN x x x x x NCCETC (2018) 

Process & 

Approvals

Energy Storage 

Cost Recovery

In 2017, Duke Energy-Indiana sought approval to recover costs for Camp Atterbury Microgrid and Nabb 

Battery through standard renewable energy rider (Rider 73). The request was approved in May of 2018. IN x x x x x

https://www.in.gov/iurc/files/45002_ord_201
80530143447762.pdf

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

In October 2017, Duke Energy Indiana submitted a proposal for two projects; one is a combined solar and 

battery storage facility connected to a microgrid, and the other is a standalone battery storage facility. A 

hearing on the matter was scheduled for April 2018. IN x x x x x NCCETC (2018) 

Process & 

Approvals Interconnection

In December 2017, Tampa Electric Company filed a petition for approval of a standard interconnection 

agreement for grid-connected, customer-owned battery storage systems. In February 2018, the Public 

Service Commission approved the standard interconnection agreement. FL x x x x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

A proposed August 2017 settlement agreement primarily related to Duke Energy Florida's Levy Nuclear 

Plant also proposes the deployment of a 50 MW battery storage pilot program. Duke Energy Florida will 

determine the projects and locations offering the greatest benefits, and the cost of the projects is not to 

exceed $2,300 per kW. The settlement does not preclude parties from challenging the reasonableness of 

the costs incurred for the program. FL x x x x

NCCETC (2017); 

https://www.greentechmedia.com/articles/read/

duke-energy-plans-6b-for-solar-batteries-and-

evs#gs.MgadVPU

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

The Electric Security Plan filed by Duke Energy Ohio in June 2017 included a 10 MW pilot battery storage 

system. OH x x x x NCCETC (2018) 

Incentives & 

Financing

Financing 

Program

S.B. 261 would create a commercial PACE financing program under which storage systems (battery and 

thermal) would be eligible. SC x x x x NCCETC (2018) 

Incentives & 

Financing Tax Exemption S.B. 44 would set a property tax exemption (80%) for DERs, including energy storage. SC x x x x NCCETC (2018) 

Planning & Access

Integrated 

Resource 

Planning

H.B. 4425, introduced in January 2018, would overhaul the IRP process, placing increased emphasis on 

demand-side management resources, including distributed generation. SC x x x x

NCCETC (2018); 

https://legiscan.com/SC/bill/H4425/2017

Incentives & 

Financing Tax Credit

H.B. 1018, introduced in January 2018, would create a tax credit for energy storage projects of 30%, up to 

$5,000 for residential projects and $75,000 for commercial projects. The bill died in Committee in February. VA x x x x

NCCETC (2018); https://lis.virginia.gov/cgi-

bin/legp604.exe?181+sum+HB1018

Planning & Access

Grid 

Modernization 

Planning

S.B. 966, enacted in March 2018, declares that distribution grid transformation projects are in the public 

interest, and provides for a process for utilities to request cost recovery from the State Corporation 

Commission. The legislation's definition of grid transformation projects includes advanced metering 

infrastructure, intelligent grid devices, automated control systems for electric distribution circuits and 

substations, communications networks for service meters, certain distribution system hardening projects 

(excluding undergrounding), physical security measures at key distribution substations, cyber security 

measures, certain energy storage systems and microgrids, electrical facilities and infrastructure for electric 

vehicle charging systems, LED street light conversions, and new customer information platforms. VA x x x x

NCCETC (2018); http://lis.virginia.gov/cgi-

bin/legp604.exe?181+sum+SB966

Analysis, R&D, & 

Market Support

Energy Storage 

Study

H.B. 5002, the 2018 Budget Bill, directs the Virginia Solar Development Authority and Department of Mines, 

Minerals, and Energy to conduct a study to determine whether or not legislation adopting regulatory reforms 

and incentives will be helpful in encouraging emerging energy storage capacity in the state. The report is 

due in September 2019. VA x x x x

https://lis.virginia.gov/cgi-
bin/legp604.exe?182+sum+HB5002

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

S.B. 966 also directs the State Corporation Commission to establish pilot programs for the deployment of 

battery storage. Utility proposals to deploy storage through this program should either improve distribution or 

transmission system reliability; improve renewables integration; defer investments in generation, 

transmission, or distribution; reduce the need for additional generation during peak periods, or connect to 

the facilities of a customer receiving service from the utility. Appalachian Power may deploy up to 10 MW of 

capacity, while Dominion may deploy up to 30 MW of capacity. The pilot program is to last five years, and 

utilities may recover costs through their base rates. The Commission is to establish program rules by 

December 1, 2018. VA x x x x NCCETC (2018) 

Utility-Driven 

Demonstrations

Grid 

Modernization

In July 2017, Commonwealth Edison (ComEd) filed a petition for approval of a distribution microgrid pilot 

project, including 500 kW in battery storage capacity in the first phase. In February 2018, the Commission 

issued a final order approving the project, with stipulations requiring ComEd and Commission Staff to file a 

report looking into how to incorporate more distributed energy resources into the project. IL x x x NCCETC (2018) 

Planning & Access

Grid 

Modernization 

Planning

S.B. 564 requires utilities deferring depreciation expenses and returns to file five-year capital investment 

plans and a specific capital investment plan for the following year. At least 25% of the costs of each year’s 

plan must be from grid modernization projects. MO x x x

NCCETC (2018); 

https://senate.mo.gov/18info/BTS_Web/Bill.as

px?SessionType=R&BillID=69471981

Planning & Access

Integrated 

Resource 

Planning

In 2015, the Missouri state Utility Commission required KCP&L IRP to include an evaluation of energy 

storage resources. MO x x x IREC (2017)

Process & 

Approvals Microgrid Rules

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

H.B 1412 allows distribution companies to propose energy storage and microgrid pilot programs, while also 

specifying that subsequent rulemakings shall not require utilities to own, develop, or deploy energy storage

or microgrids. PA x x x NCCETC (2018) 

Business Model & 

Rate Reform Rate Design

Arizona Corporation Commission ordered Arizona Public Service (APS) utility to develop $6 million residential 

demand response/load management program to facilitate storage for residential customers. APS proposed 

“reverse demand response” program to pay storage to charge at periods of electricity oversupply. AZ x x

K&L Gates (2018); 

http://www.klgates.com/ePubs/Energy-Storage-

Handbook-October2017/

Business Model & 

Rate Reform Rate Design Planning & Access

Integrated 

Resource Planning

2017 Arizona Public Service Company rate case resulted in the creation of multiple storage-related 

provisions, for example the institution of an optional storage-specific rate for C&I customers and the 

requirement that the utility do a CBA of storage and compare to traditional resources. 

AZ

x

x

https://www.azcc.gov/Divisions/Administration/

news/2017Releases/2017-8-16 Commission 

Approves APS Rate Application.asp; See also 

https://www.aps.com/library/rates/E-

32%20L%20Storage%20Pilot%20-

%20Rev%2000.1%20-%202017-12-15.pdf.
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Incentives & 

Financing Grant Program

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

The Tucson Electric Power Company was ordered to develop a $1.3 million load management/DR program 

in February 2017 by the Arizona Corporation Commission. AZ x     x

K&L Gates (2018); 

http://www.klgates.com/ePubs/Energy-Storage-

Handbook-October2017/

Mandates

Clean Peak 

Standard Mandates

Energy Storage 

Target

A docket was opened in August 2016 to review and modernize the state's renewable energy standard. In 

November 2016, a proposal was filed to create a Clean Peak Standard, requiring that a portion of peak 

load be met with clean energy. Other subsequent proposals included also included a 3GW by 2030 energy 

storage target and a requirement that 80% by 2050 clean portfolio standard. AZ x     x

NCCETC (2018); 

http://docket.images.azcc.gov/0000175087.pd

f

Planning & Access

Clean Peak 

Standard/RPS

Arizona Corporate Commission proposed changes to the Renewable Energy Standard and Tariff (REST) 

rules in August of 2016, increasing the state renewable portfolio standard to 30% by 2030 and considering 

other revisions that would also incorporate storage. AZ x     x

K&L Gates (2018); 

http://www.klgates.com/ePubs/Energy-Storage-

Handbook-October2017/

Planning & Access

Moratorium/Cap 

on Procurement

In 2018, the Arizona Corporation Commission placed a moratorium on utility procurement of capacity, 

barring them from large (>150MW) gas units and instead directing them to undertake an independent 

analysis of energy storage systems. AZ x     x

K&L Gates (2018); 

https://www.utilitydive.com/news/arizona-

regulator-wants-to-adopt-80-clean-energy-plan-

before-gas-moratoriu/539019/

Process & 

Approvals Interconnection

In September 2017, Arizona Corporation Commission staff published draft statewide interconnection rules 

featuring new requirements for energy storage systems and advanced inverters. AZ x     x NCCETC (2018) 

Planning & Access

Integrated 

Resource 

Planning Planning & Access

Grid Modernization 

Planning

In March 2018, Colorado lawmakers introduced a bill requiring the Public Utilities Commission to establish 

rules for the procurement of energy storage by investor-owned utilities. The rules would need to consider 

factors such as grid reliability and reduction of peak demand. CO x     x

NCCETC (2018) , 

https://www.utilitydive.com/news/colorado-

integrates-storage-into-utility-planning-

process/524939/

Process & 

Approvals

Energy Storage 

Compensation

The Colorado Public Utilities Commission opened a proceeding in October 2017 to consider changes to 

rules concerning the Renewable Energy Standard, as well as net metering, electric resource planning, and 

acquisitions from qualifying facilities, and distribution system planning. One question the Commission noted 

it is particularly interested in is the eligibility of net metering for solar systems paired with storage. A scoping 

workshop was held in early April 2018 to create working groups to address the various issues under 

consideration. CO x     x

NCCETC (2018), 

http://programs.dsireusa.org/system/program/d

etail/133

Process & 

Approvals

Energy Storage 

Cost Recovery

The Colorado Public Utilities Commission ICT (Innovative Clean Technology) program allows for ex post  cost 

recovery for small demonstration-scale projects.

CO x x

https://www.colorado.gov/pacific/dora/news/pu

c-approves-xcel-energy-request-two-clean-

technology-demonstration-projects

Process & 

Approvals Interconnection

In March 2018, SB18-009 was signed into law, establishing that Colorado electricity consumers have the 

right to own, install, and interconnect energy storage systems without unnecessary restrictions and/or 

discriminatory rates or fees. The bill instructs the Public Utilities Commission to implement rules reflecting 

these principles, and specifically states that utilities will not be allowed to require customers to install 

additional meters for the purpose of monitoring energy storage equipment. CO x     x

NCCETC (2018) 

https://leg.colorado.gov/bills/sb18-009

Process & 

Approvals Interconnection

In November 2017, the DC Public Service Commission published a Notice of Proposed Rulemaking adding 

new definitions for customer generator, battery, back up generation, energy storage, microgrid, smart 

inverter, and others to its Small Generator Interconnection and Net Metering rules. DC     x x NCCETC (2018) 

Business Model & 

Rate Reform

Utility Business 

Model Reform

Process & 

Approvals

Energy Storage 

Ownership

S.B. 2462 allows the Public Utilities Commission to require electric cooperatives to disengage from owning 

generation, while providing a transition period for conversion to third-party power purchase agreements. HI x     x

NCCETC (2018); 

https://www.capitol.hawaii.gov/session2018/bill

s/SB2462_.pdf

Business Model & 

Rate Reform

Utility Business 

Model Reform

S.B. 2939, signed into law in April 2018, introduces performance-based ratemaking to Hawaii. The bill 

requires the Public Utilities Commission to develop performance incentives and penalty mechanisms by 

2020 that directly tie utility revenues to each utility's achievement of certain performance metrics (e.g., public 

access to electric system planning data and aggregated customer energy use data, rapid integration of 

renewable energy, quality interconnection of customer-sited resources, timely interconnection of competitive 

procurements or energy). HI x     x

NCCETC (2018); 

http://docket.images.azcc.gov/0000175087.pd

f

Incentives & 

Financing Rebate Program

H.B. 1593 would create the Energy Savings Jump Start Program within the Hawaii Green Infrastructure 

Authority. Among other things, the Energy Savings Jump Start Program would include a rebate program for 

residential, commercial, and utility-scale energy storage systems. The bill was passed by the House in March 

2017. The House rejected amendments made by the Senate in April, and the bill was sent to conference 

committee. The bill was carried over to 2018. HI x     x

NCCETC (2018); 

https://www.capitol.hawaii.gov/session2018/bill

s/HB1593_SD2_.pdf

Incentives & 

Financing Tax Credit

S.B. 2100 would create a tax credit for energy storage systems, starting at 35% of costs and declining to 

10% by 2027. The bill passed the Senate in March, was amended by the House, passed, and returned to 

the Senate in April. The Senate disagreed with the House amendments, and both chambers will be meeting 

in conference. HI x     x

NCCETC (2018); 

https://www.capitol.hawaii.gov/session2018/bill

s/SB2100_HD2_.pdf

Mandates RPS

As of June 2015, Hawaii adopted a requirement that, by 2045, 100% of electricity sales must be generated 

from renewables. HI x     x K&L Gates (2018)

Process & 

Approvals

Energy Storage 

Compensation

Business Model & 

Rate Reform Rate Design

Hawaii phased out traditional net metering in 2015, adopting new interim tariffs and initiating a discussion 

on successors to these tariffs. The new Smart Export Program targets customers with solar PV and battery 

storage, with storage systems recharging the battery during the day and discharging in the evening. 

Customers may power their homes with the battery in the evening or export to the grid in exchange for a 

monetary credit on their electricity bill. The credit rates range from $0.11 per kWh to $0.21 per kWh, 

depending on the island. HI x     x NCCETC (2018), K&L Gates (2018)

Process & 

Approvals

Energy Storage 

Compensation

The 2018 HPUC Smart Export program authorizes electricity generated by rooftop PV and stored onsite to 

be used at night, with credits offered for excess generation exported back to the grid. HI x     x K&L Gates (2018)

Process & 

Approvals Permiting Process

Introduced in January 2018, H.B. 2469 would prohibit a county or state agency from approving a permit to 

construct or operate a new grid-connected energy storage facility in excess of 50 MWh if it is located in a 

sea level rise exposure area. HI x     x NCCETC (2018) 

Planning & Access

Integrated 

Resource 

Planning

As part of the Public Service Commission Staff’s proposed modified net metering rules filed in November 

2017, utilities would be required to document the current level of DG in their service territories, discuss and 

analyze the impact that DG is having on the system resource requirements, and forecast future DG for at 

least a five-year period. Utilities would be encouraged to provide analysis or documentation on the monetary 

value of the avoided energy and capacity benefits provided by DG historically and forecasted into the 

future. LA x     x NCCETC (2018) 

Planning & Access

Wholesale Market 

Rules

In April 2017, DTE Electric submitted a request to update energy storage tariffs. In December of that year, 

MISO released its Energy Storage Task Force charter. The Task Force will conducted a series of meetings 

in early 2018 to consider various issues pertaining to the integration of energy storage. MI     x x NCCETC (2018) 

Process & 

Approvals

Energy Storage 

Compensation H.B. 4220 (2017) authorizes customers to opt out of advanced meter installation. MI     x x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

As part of the Public Service Commission’s February 2017 order in a Consumers Energy Company general 

rate case, Consumers Energy was directed to submit a distribution investment and maintenance plan by 

August of that year. The subsequent plan included demand response programs and battery storage pilot 

projects. MI     x x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

As part of the Public Service Commission’s January 2017 order in DTE Electric’s general rate case, DTE was 

directed to submit a distribution investment and maintenance plan by July of that year. The subsequent 

plan included a variety of grid modernization investments, but ultimately found that energy storage was not 

economical in light of other available alternatives. MI     x x NCCETC (2018) 

Incentives & 

Financing Grant Program

H.B. 3113 and S.B. 2712 would appropriate an unspecified amount of money to fund an energy storage 

demonstration project grant program to be administered by the Department of Commerce. The bills were 

introduced in February 2018. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?f=SF2

712&b=senate&y=2018&ssn=0



Mandates

Energy Storage 

Target

H.B. 3115 and S.B. 2711 would create an energy storage procurement target for utilities in the state. The 

current form of the bill does not specify the specific target, but sets an achievement date of December 31, 

2023. The bills were introduced in February 2018. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?f=SF2

711&b=senate&y=2018&ssn=0

Planning & Access

Integrated 

Resource 

Planning

H.B. 3114 and S.B. 2710, introduced in February 2018, would make energy storage a part of the integrated 

resource planning process. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?b=sen

ate&f=sf2710&ssn=0&y=2018

Planning & Access

Integrated 

Resource 

Planning

S.B. 3266, introduced in March 2018, would make energy storage a part of the integrated resource 

planning process. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?f=SF3

266&b=senate&y=2018&ssn=0

Process & 

Approvals

Energy Storage 

Cost Recovery

H.B. 3112 and S.B. 2714 provide a set of conditions under which a utility may petition the Public Utilities 

Commission for cost recovery of an energy storage pilot project. The bills were introduced in February 2018. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?f=SF2

714&b=senate&y=2018&ssn=0

Process & 

Approvals

Energy Storage 

Cost Recovery

H.B. 3116 and S.B. 2713 would allow a public utility to petition the Public Utilities Commission for an 

advance determination of prudence for an energy storage system. If granted, the utility may begin 

recovering costs in either the next rate case or through a rider approved by the Commission. Both bills were 

introduced in February 2018. MN x     x

NCCETC (2018); 

https://www.revisor.mn.gov/bills/bill.php?f=SF2

713&b=senate&y=2018&ssn=0

Process & 

Approvals Interconnection

The Minnesota Public Utilities Commission has an open proceeding to update the state's interconnection 

standards. Numerous parties participated in working groups and submitted comments throughout 2017. The 

Commission opened a comment period in February 2018 to receive input on the Commission Staff's 

recommended updates to the interconnection standards. The updated standards are based on FERC's 

Small Generation Interconnection Procedures, and includes provisions to allow energy storage, both 

connected to a small generator, and as a standalone device. MN x     x NCCETC (2018). See also IREC (2017).

Planning & Access

Integrated 

Resource 

Planning

In February 2017, the New Mexico Public Regulation Commission initiated a rulemaking to include energy 

storage in IRP filings.

NM x x

IREC (2017); 

http://www.nmprc.state.nm.us/rssfeedfiles/pres

sreleases/2017-8-

8CommissionUnanimouslyApprovesAmending

RuleToIncludeEnergyStorage.pdf

Business Model & 

Rate Reform

Time-Varying 

Rates

Process & 

Approvals

Energy Storage 

Compensation

A.B. 405 (June 2017) requires utilities to establish optional time-variable rates, including those for energy 

storage. NV x     x NCCETC (2018) 

Business Model & 

Rate Reform

Utility Business 

Model Reform

The first of two required even-year votes on a state constitutional amendment to deregulate the electric 

utility industry was held in November 2016, with a majority of voters approving deregulation. A vote on 

whether to adopt the amendment will therefore take place in November 2018. Simultaneously, the Public 

Utilities Commission of Nevada (PUCN) opened a docket to consider multiple issues that would arise from 

deregulation, including timelines for implementation, necessary changes in state law, and options for 

developing wholesale and retail markets. NV x     x NCCETC (2018); Docket No. 17-10001

Incentives & 

Financing Rebate Program

S.B. 145, as amended, created incentives for energy storage systems. Program rules are to be determined 

through subsequent regulations issued by the Public Utilities Commission of Nevada (PUCN). NV x     x

NCCETC (2018), Governor’s Office of Energy 

(2017). 

Mandates

Energy Storage 

Target

Analysis, R&D, & 

Market Support

Energy Storage 

Study

S.B. 204 requires the Public Utilities Commission of Nevada (PUCN) to determine if it is in the public interest 

to adopt a state energy storage procurement requirement. NV x     x

NCCETC (2018), K&L Gates (2018), 

Governor’s Office of Energy (2017). 

Planning & Access

Distribution 

Resource Plan 

Requirement Planning & Access

Integrated 

Resource Planning

SB 146 requires utilities to develop a distributed resources plan within the IRP, including the costs and 

benefits of DER (i.e., DG, EE, storage, EVs,  DR). NV x     x Governor’s Office of Energy (2017). 

Process & 

Approvals Interconnection A.B. 405 provides assurances of timely solar+storage system interconnection. NV x     x K&L Gates (2018), NCCETC 2018

Mandates

Energy Storage 

Target

H.B. 501 directs the Department of Public Service to develop policy recommendations and targets for 

energy storage capacity in the state, particularly for systems storing electricity from intermittent sources. The 

full text of the bill is not yet available. The bill was not voted on during the 2017 legislative session. 

Legislation may carry over from an odd-numbered year to an even-numbered year. VT x     x NCCETC (2018) 

Planning & Access

Clean Peak 

Standard/RPS

Act 56 (2016) included Tier III targets for Renewable Energy Standard allows for small contribution of 

"energy transformation projects" (2% of 2017 sales; 12% of 2032 sales), including the deployment of 

infrastructure to facilitate grid energy storage. VT x

x

VDPS (2017)

Planning & Access

Non-Wires 

Alternatives

Anticipation of inclusion of storage in discussion of microgrids in the context of the state Energy Assurance 

Plan. Initial stakeholder discussions to frame update of state EAP were slated to begin early 2018. A 

broader suite of both short- and long-term research and planning are also included in general 

recommendations for incorporating storage for energy assurance purposes. VT x

x

VDPS (2017)

Process & 

Approvals Interconnection

Process underway to revise interconnection standards under rule 5.500. Though existing interconnection 

standards implicitly allow for energy storage (as evidenced by Green Mountain's past energy storage 

projects), revisions are intended to explicitly address storage by including storage that is not associated with 

a generator under the definition of a "generation resource". VT x

x
VDPS (2017); http://puc.vermont.gov/about-

us/statutes-and-rules/proposed-changes-rule-

5500.

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

In April 2017, Green Mountain Power (GMP) filed a request for a Certificate of Public Good for its proposed 

Panton Battery Storage Project. The project would be a 1 MW/4MWh Tesla Powerpack 2.0 battery system 

and located on the site of its existing 4.9 MW Solar Panton Project. GMP plans to stack values that the 

battery project can provide, with the primary values being peak shaving and regulation. The Commission 

held a technical hearing in December 2017 to further develop the evidentiary record, and approved the 

project in January 2018. VT x     x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

In November 2017, Green Mountain Power filed a request for a Certificate of Public Good for its proposed 

MicroGrid-Milton Project. The proposed project is a microgrid, including a 4.99 MW solar facility and a 2 MW 

battery storage facility (2 MW/8 MWh Tesla Powerpack.) A public hearing was held in January 2018, and a 

technical hearing is scheduled for September 2018. VT x     x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

In December 2017, Green Mountain Power filed a request for a Certificate of Public Good for its proposed 

MicroGrid-Ferrisburgh Project. The proposed project is a microgrid, including a 4.99 solar facility and a 2 MW 

battery storage facility (2 MW/8 MWh Tesla Powerpack.) Later in December, the Public Utility Commission 

issued an order, finding the application incomplete. Green Mountain Power refiled its petition in March 2018, 

which the Commission found complete. A prehearing conference is scheduled for May 8, 2018. VT x     x NCCETC (2018) 

Analysis, R&D, & 

Market Support

Energy Storage 

Study

Act 53 directed the Department of Public Service to prepare a report on deploying energy storage on 

Vermont's transmission and distribution system. The report was to examine actions affecting energy storage 

deployment; federal and state jurisdictional issues; opportunities for, benefits of, and barriers to energy 

storage deployment; regulatory options and structures that can foster energy storage; and potential 

methods for fostering the development of cost-effective energy storage and the benefit and cost impacts on 

ratepayers. The report was published in October 2017. VT x x

https://legislature.vermont.gov/assets/Docume
nts/2018/Docs/ACTS/ACT053/ACT053%20As%2
0Enacted.pdf

Incentives & 

Financing Grant Program

Washington Clean Energy Fund (2013) offers smart grid grants for developing utility scale energy storage 

technology. WA x     x K&L Gates (2018), NGA (2016)

Planning & Access

Integrated 

Resource 

Planning Planning & Access

Grid Modernization 

Planning

Two overlapping proceedings were initiated by the Washington Utilities and Transportation Commission staff 

in 2015 (UE-151069) and 2016 (U-161024) to assess the role of energy storage in utility planning and to 

assess possible changes to the integrated resource planning (IRP) process. A final report and policy 

statement was released by the Commission in October 2017, and a subsequent report on current practices 

in DER planning was issued in January 2018. WA x     x NCCETC (2018) 

Planning & Access

Integrated 

Resource 

Planning

Draft Utilities and Transportation Commission policy statement in 2017 directing investor-owned utilities to 

evaluate energy storage in IRPs. Draft and associated comments still under consideration as of April 2018. WA x     x K&L Gates (2018)



Planning & Access

Integrated 

Resource 

Planning

In 2017, the Washington Utilities and Transportation Commission issued a statement that investor-owned 

utilities are to assess energy storage options in the context of an IRP before selecting other generation 

resources, as well as the applicability of cost recovery mechanisms to IOU expenditures on energy storage. WA x     x K&L Gates (2018)

Incentives & 

Financing On-Bill Financing

H.B. 374 would create an on-bill financing program for energy efficiency and conservation improvements. 

The bill was amended in April 2018 to explicitly allow energy storage devices to be eligible for financing 

under this program. AK x      

NCCETC (2018); 

http://www.legis.state.ak.us/PDF/30/Bills/HB03

74C.PDF

Incentives & 

Financing Grant Program

Connecticut Public Act No. 16-196 (2012) established state grant and loan program for technology that 

supports microgrids at private or institutional facilities. CT x

NGA (2016); 

https://www.cga.ct.gov/2016/ACT/pa/2016PA-

00196-R00SB-00272-PA.htm.

Planning & Access

Wholesale Market 

Rules

Public Act 15-107 allowed for storage to be included in small-scale energy solicitations, in line with the 

treatment of renewable and energy efficiency offerings. CT
x IREC (2017).

Utility-Driven 

Demonstrations

Energy Storage 

Proposals Planning & Access

Grid Modernization 

Planning

Public Act 15-5, Sec. 103 directed electric distribution companies (EDCs) to propose grid enhancement 

projects, specifically including DERs and storage resources. CT
x IREC (2017); NGA (2016)

Utility-Driven 

Demonstrations

Energy Storage 

Proposals Planning & Access

Grid Modernization 

Planning

In June 2017, United Illuminating Company submitted its DER integration plan. The plan includes the 

following projects: (1) DER hosting capacity analysis and mapping, (2) DER and load forecasting, and (3) 

localized targeting of DERs. This proposal is submitted pursuant to Connecticut General Statutes § 16-

244w, which requires the utilities to build grid-side system enhancements to integrate DERs. CT

x

NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

In November 2017, the United Illuminating Company filed a Grid-Connected Battery Storage Proposal as 

part of its DER Integration Plan. This part of the pilot program allows the electric distribution companies to 

build, own, and operate grid-side system enhancements, including battery storage technologies. All projects 

must be cost-effective and maximize value to ratepayers. CT   x   NCCETC (2018) 

Process & 

Approvals Interconnection

New interconnection rules were adopted in December 2016 that specifically include energy storage in the 

definition of eligible facilities and that also include clarify the applicability of certain provisions to storage. IA x IREC (2017).

Business Model & 

Rate Reform

Time-Varying 

Rates

As part of Public Conference No. 44 (grid modernization), utilities were directed to develop time-varying rate 

pilot programs. A revised report with details on the proposed rate pilot programs was filed in February 2018. MD     x  NCCETC (2018) 

Incentives & 

Financing Tax Credit

In 2017, Maryland became the first state to enact state income tax credits for energy storage systems, 

which are in effect through 2022. The tax credit is for up to $5,000 for residential applications and is limited 

to the lesser of $75,000 or 30 percent of system costs for commercial customers. A statewide annual tax 

credit cap of $750,000 is also imposed. MD     x  

MD DNR HB773 Initial Findings; 

http://dnr.maryland.gov/pprp/Documents/Draft-

Initial-Findings-v2.pdf

Planning & Access

Integrated 

Resource 

Planning

Maryland no longer requires electric distribution utilities to submit integrated resource plans, detailed 

explanations of utilities’ long-term distribution system needs and investment strategies are provided in 

Distribution Investment Plans, as required by the Commission. MD     x  

MD DNR HB773 Initial Findings; 

http://dnr.maryland.gov/pprp/Documents/Draft-

Initial-Findings-v2.pdf

Process & 

Approvals Interconnection

A rulemaking to consider reforms to state interconnection processes was initiated by the Maryland Public 

Service Commission in December 2017. The resulting proposal includes a specific reference of energy 

storage, revisions to the interconnection process for both large and small systems. MD     x  NCCETC (2018) 

Analysis, R&D, & 

Market Support

Energy Storage 

Study

In 2017, H.B. 773 directed the Maryland Power Plant Research Program to conduct a study of regulatory 

reforms and market incentives that are necessary or beneficial to increase the use of energy storage 

devices in the state. The Program is to consult with stakeholders to conduct the study. MD x  

http://mgaleg.maryland.gov/2017RS/Chapters_
noln/CH_382_hb0773e.pdf

Planning & Access

Non-Wires 

Alternatives

A June 2017 decision on net metering successor tariffs by the New Hampshire Public Utilities Commission's 

(PUC) included an order to implement four pilot programs, including one making use of non-wires 

alternatives. NH     x NCCETC (2018) 

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

In December 2017, Liberty Utilities filed an application to implement a battery storage pilot program, in which 

the utility will deploy 5 MW total of battery storage equipment at the homes of 1,000 residential customers. 

Participating customers would have control over the battery systems, except when a peak demand is 

predicted for the next day. The utility proposed inclusion of the battery costs in its rate base and applying a 

monthly charge to participating customers’ bills. The utility is also requesting approval for a time-of-use rate 

for participants, which includes critical peak, on-peak, and off-peak periods. NH     x

NCCETC (2018); 

https://www.utilitydive.com/news/is-new-

hampshire-on-the-verge-of-battery-energy-

storage-history/525876/

Business Model & 

Rate Reform

Time-Varying 

Rates

S.B. 603 and A.B. 3732, introduced in January and March 2018, directs the Board of Public Utilities to open 

a proceeding to allow the state’s utilities to deploy AMI throughout their service territories. Upon completion 

of the Board’s proceeding, each utility is to file a proposed smart meter procurement and installation plan. 

The bill states that utilities and electric power suppliers may offer TOU rates and real-time pricing programs 

after deploying AMI. The bill states that residential and commercial customers may elect to participate in 

these rate programs. NJ     x  NCCETC (2018) 

Incentives & 

Financing

Financing 

Program

S.B. 1611 and A.B. 1902 would allow energy storage systems and microgrids to be eligible for property 

assessed clean energy financing. NJ     x  NCCETC (2018) 

Mandates

Energy Storage 

Target

Companion bills A.B. 3459 and S.B. 813, introduced in March and January 2018, direct electric power 

generators to deploy 600 MW of energy storage by 2021 and 2,000 MW by 2030. NJ     x  NCCETC (2018) 

Mandates

Energy Storage 

Target

A.B. 3723, introduced in March 2018, creates an energy storage procurement target of 600 MW by 2021 

and 2,000 MW by 2030. NJ     x  NCCETC (2018) 

Analysis, R&D, & 

Market Support

Energy Storage 

Study

A.B. 3723 also directed the Board of Public Utilities and PJM Interconnection to work with stakeholders to 

conduct an analysis examining how storage can provide benefits to ratepayers and promote electric 

vehicles; types of storage technologies; the benefits and costs to ratepayers, local governments, and 

utilities; the optimal amount of energy storage to add in the state over the next five years to maximize 

ratepayer benefits; the optimal locations for distributed energy resources; and the cost to ratepayers of 

adding the optimal amount of storage. The study is to quantify potential benefits and costs of increasing 

storage in the state and provide recommendations to increase storage opportunities, including financial 

incentive recommendations. NJ x

https://www.njleg.state.nj.us/2018/Bills/PL18/
17_.PDF

Mandates

Energy Storage 

Target

H.B. 2193 (2015) required utilities serving at least 25,000 customers to procure at least one energy storage 

system with a storage capacity of at least 5 MWh. Also included in the legislation was instruction for the 

state Public Utility Commission (PUC) to establish guidelines for submission of energy storage proposals. OR     x

NCCETC (2018), K&L Gates (2018), NGA 

(2016). Also noted in VDPS (2017) and IREC 

(2017).

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Incentives & 

Financing Grant Program

The Oregon Department of Energy, with support from Sandia National Laboratories, offered a direct grant to 

promote a microgrid and energy storage demonstration project being implemented by the Eugene Water 

and Electric Board. OR

x

As noted in DNR (2017). K&L Gates (2018); 

https://content.govdelivery.com/accounts/USD

OESNLEC/bulletins/1ea8c62

Business Model & 

Rate Reform

Utility Business 

Model Reform

As part of National Grid’s general rate case and Power Sector Transformation investment plan filed in 

November 2017, the utility proposed first steps to shift toward performance-based regulation. Proposed 

performance incentives fall into three categories: (1) system efficiency, (2) distributed energy resources, and 

(3) network support services. Technical sessions were held in January and February 2018, and an 

evidentiary hearing was scheduled for October 2018. RI   x   

NCCETC (2018); 

http://www.ripuc.ri.gov/utilityinfo/electric/PST%

20Report_Nov_8.pdf

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

Utility-Driven 

Demonstrations Grid Modernization

In November 2017, National Grid proposed a portfolio of grid modernization investments (“Power System 

Transformation”) as part of its effort to implement work done in the Power Sector Transformation 

investigation process. The proposal includes the deployment of AMI, a 2 MWh energy storage 

demonstration project, and several smart grid investments, including foundational information system and 

cybersecurity investments, a system data portal, distribution feeder monitoring, data system control 

enhancements, and geographic information system enhancements. RI   x   

NCCETC (2018); 

http://www.ripuc.ri.gov/utilityinfo/electric/PST%

20Report_Nov_8.pdf

Analysis, R&D, & 

Market Support Research Support

Energy storage research funding provided by the state Energy Commission through an Electric Program 

Investment Charge. CA NGA (2016)

Incentives & 

Financing

Low-Income 

Incentive Program

In February 2018, San Diego Gas & Electric filed for approval of its 2018 Energy Storage and Procurement 

Plan, which includes an energy storage incentive program for low-income customers. CA     

https://www.sdge.com/sites/default/files/regulat

ory/AB%202868%20application%20Final%20

Draft.pdf



Incentives & 

Financing

Low-Income 

Incentive Program

In March 2018, Southern California Edison filed for approval of its 2018 Energy Storage and Procurement 

Plan, which includes approximately $10 million for energy storage at low-income multifamily dwellings. CA     K&L Gates (2018)

Planning & Access

Roadmap 

Development Planning & Access

Integrated 

Resource Planning

2014 Energy Storage Roadmap developed by the California Independent System Operator (CAISO), the 

California Public Utilities Commission (CPUC), and the California Energy Commission solicited input from 

several hundred stakeholders so as to identify state regulatory and processes needs to facilitate storage. 

The roadmap also identified interventions to address identified needs, the entities best suited to take the 

lead on addressing needs, and the relative priority of actions. CA

California ISO et al. (2014); 

https://www.caiso.com/documents/advancing-

maximizingvalueofenergystoragetechnology_c

aliforniaroadmap.pdf

Incentives & 

Financing Rebate Program

The Self-Generation Incentive Program (SGIP) provides rebates for energy storage systems. It has 

undergone multiple rounds of modification since its inception to ensure that funding is available for both 

small and large projects, that the program is available to low-income communities, and, in the case of 

current proceedings as of October 2018, that projects help to reduce greenhouse gas emissions. CA     NCCETC (2018), K&L Gates (2018)

Incentives & 

Financing Rebate Program

A.B. 2695, introduced in February 2018, would increase the budget for the Self-Generation Incentive 

Program by $140 million, with the additional money reserved for energy storage projects for low and middle 

income consumers. CA     NCCETC (2018) 

Mandates

Energy Storage 

Target

In 2013, the California Public Utilities Commission (CPUC) adopted an energy storage mandate. The 

mandate requires that investor owned utilities procure a total of 1,325 MW of energy storage capacity by 

2020 (installed no later than 2024). CA     

NCCETC (2018), K&L Gates (2018), NGA 

(2016). Also noted in VDPS (2017) and IREC 

(2017).

Mandates

Energy Storage 

Target

S.B. 1347, introduced in February 2018, would require the state's three IOUs to collectively procure an 

additional 2,000 MW of energy storage by January 1, 2020. CA     

NCCETC (2018); 

https://leginfo.legislature.ca.gov/faces/billText

Client.xhtml?bill_id=201720180SB1347

Mandates

Energy Storage 

Target

California AB 2868 (2016) requires up to 500MW of additional distribution-connected or BTM storage with at 

least 10 years of useful life. CA     K&L Gates (2018)

Planning & Access

Clean Peak 

Standard/RPS

California SB 338 (2017) requires CPUC and utilities to consider ES in meeting peak demand more aligned 

with climate and renewable goals. Overall goal is T&D and generation capacity deferral CA     K&L Gates (2018)

Planning & Access

Distribution 

Resource Plan 

Requirement

California AB 327 (2013) requires IOUs to develop distribution resource plans that will identify the best 

locations for DER. Repeals limitations in CARE legislation (California Alternate Rates for Energy program) 

and helps lower-income households endure rising electric rates

CA     

NGA (2016); 

https://leginfo.legislature.ca.gov/faces/billNavC

lient.

xhtml?bill_id=201320140AB327.

Planning & Access

Grid 

Modernization 

Planning

In decision 18-01-003 (January 2018), the California Public Utilities Commission (CPUC) adopted multiple 

rules and definitions governing how energy storage could participate in grid through multiple use 

applications (i.e., stacking). CA     

http://docs.cpuc.ca.gov/PublishedDocs/Publis
hed/G000/M206/K462/206462341.PDF

Planning & Access

Integrated 

Resource 

Planning California SB 350 (2015) requires utilities to assess energy storage in their integrated resource plans. CA     

NGA (2016); California Energy Commission 

(CEC). Clean Energy & Pollution Reduction 

Act SB 350 Overview 

(https://www.energy.ca.gov/sb350/)

Planning & Access

Open-Access Grid 

Data Mandates

Energy Storage 

Target

California SB 801 (2018) requires munis that provide electric service to 250,000 customers in LA basin to: 

(1) share electric grid data (2) reduce loads without increasing gas-fired generation, and (3) evaluate the 

cost-effectiveness of 100MW of energy storage in basin. CA     K&L Gates (2018)

Process & 

Approvals

Energy Storage 

Compensation

A January 2016 decision from the California Public Utilities Commission (CPUC) established a successor 

tariff to replace net metering when the utilities reach their aggregate caps. Part of this discussion has 

included net metering options for PV systems paired with energy storage. CA     

NCCETC (2018). See also 

https://www.utilitydive.com/news/residential-

storage-hits-new-record-deploying-36mwh-in-

q1/528535/.

Process & 

Approvals Permiting Process

AB 546 (2017) specifies that local governments must offer BTM permit applications for energy storage 

systems online. CA     K&L Gates (2018)

Utility-Driven 

Demonstrations

Energy Storage & 

Procurement Plan

In March 2018, Pacific Gas & Electric filed for approval of its 2018 Energy Storage and Procurement Plan, 

which includes the deployment of 166 MW of energy storage. Like its previous Energy Storage Procurement 

Plans, Pacific Gas & Electric plans to reach its deployment target though requests for offers. A prehearing 

conference was scheduled for May 1, 2018 and resulted in a 182.5 MW project CA     

https://www.pge.com/en/about/newsroom/new

sdetails/index.page?title=20180629_pge_pro

poses_four_new_cost-

effective_energy_storage_projects_to_cpuc

Utility-Driven 

Demonstrations

Energy Storage & 

Procurement Plan

In February 2018, San Diego Gas & Electric filed for approval of its 2018 Energy Storage and Procurement 

Plan, which includes the deployment of 166 MW of energy storage. A prehearing conference was 

scheduled for May 1, 2018. CA     

https://www.energy-

storage.news/news/california-utility-sdge-seeks-

166mw-energy-storage-as-public-emergency-

resp (accessed October 18, 2018)

Utility-Driven 

Demonstrations

Energy Storage & 

Procurement Plan

In March 2018, Southern California Edison filed for approval of its 2018 Energy Storage and Procurement 

Plan, which includes the procurement of a minimum of 20 MW of energy storage. The proposal includes a 

solicitation for approximately 40 MW of utility-owned energy storage and a $9.8 million incentive program for 

energy storage installations at low-income multifamily dwellings. CA     

http://www3.sce.com/sscc/law/dis/dbattach5e.

nsf/0/44AA57950EB854D6882582430078D2

1D/$FILE/A1803XXX-

SCE%202018%20Energy%20Storage%20Pro

curement%20and%20Investment%20Plan%2

0Application.pdf

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

In December 2017, Pacific Gas & Electric filed for approval of six energy storage agreements resulting from 

its 2016-2017 Request for Offers. The projects total 165 MW of energy storage capacity. Southern 

California Edison also filed an application for 10 MW of battery storage. CA     

https://www.windpowerengineering.com/project

s/pge-expands-energy-storage-initiatives/

Business Model & 

Rate Reform Fixed Charges

Business Model & 

Rate Reform Time-Varying Rates

H.B. 1725 would require that distribution companies offer a time-of-use rate option, provide an overview of 

different rate options and an estimate of associated impacts to a customer's bill, and provide bill protection 

for customers deciding to adopt time-of-use rates. MA      NCCETC (2018) 

Incentives & 

Financing

Developer 

Incentive

The Massachusetts Energy Storage Initiative is a multipronged effort to encourage storage development in 

the state, including demonstration project funding. MA      

K&L Gates (2018); VDPS (2017). See also 

https://www.mass.gov/energy-storage-initiative.

Analysis, R&D, & 

Market Support

Energy Storage 

Study

The 2016 study was intended to examine the national and state storage industry landscape, economic 

development and market opportunities for storage in the state, and potential policies and programs to 

support storage deployment. The study was to provide policy and regulatory recommendations along with a 

cost-benefit analysis. MA

https://www.mass.gov/service-details/energy-
storage-study

Incentives & 

Financing

Financing 

Program

The Massachusetts Advancing Commonwealth Energy Storage (ACES) Program under the Massachusetts 

Clean Energy Center provides grants for Massachusetts-based projects that have already secured 

significant project funding (>50%). MA      K&L Gates (2018)

Incentives & 

Financing

Performance-

Based Incentive

Legislation enacted in April 2016 directed the Department of Energy Resources (DOER) to develop a new 

solar incentive program to succeed the Solar Renewable Energy Credit II (SREC II) Program. The new 

program takes the form of a performance-based incentive and includes an adder for solar + storage 

systems. In August 2017, DOER filed the final version of the regulation, and the state’s distribution utilities 

jointly filed a model SMART tariff in September of that year. Evidentiary hearings were held in late March 

2018 and early April 2018. MA      NCCETC (2018), K&L Gates (2018)

Incentives & 

Financing Rebate Program

Incentives & 

Financing Tax Exemption

H.B. 2600 would provide multiple financial incentives for energy storage manufacturing and installation, 

including a rebate for Massachusetts-based companies that install or manufacture energy storage systems, 

authorization for municipalities to exempt storage from property taxes, and adopting a sales tax exemption 

for storage systems until the end of 2025. MA      NCCETC (2018) 

Incentives & 

Financing

Solar + Storage 

Incentive

The 2017 Solar Massachusetts Renewable Target (SMART) program provides an additional financial benefit 

for solar projects that incorporate storage. MA      K&L Gates (2018)

Mandates

Energy Storage 

Target

HB 1746 and SB 1874 would seek to establish a state target of 1,766 MW of energy storage by 2025, and 

also require that a 2030 deployment target be set by the end of 2020. MA      NCCETC (2018) 

Mandates

Energy Storage 

Target A storage target of 200MWh by 2020 was introduced in 2017 as part of Energy Storage Initiative MA      K&L Gates (2018)



Planning & Access

Grid 

Modernization 

Planning

H.B. 1725 would require distribution utilities to regularly submit grid modernization plans that also assess the 

locational costs and benefits of energy resources, as well as any barriers to deployment of local energy 

resources. MA      NCCETC (2018) 

Planning & Access

Load 

Management Plan

Proposed in March of 2018, Massachusetts H. 4318 would encourage the consideration of storage in 

distribution company load management plans. MA      K&L Gates (2018)

Process & 

Approvals

Energy Storage 

Compensation

In October 2017, the Department of Public Utilities (DPU) opened an inquiry into the net metering eligibility 

of solar plus storage systems (or energy storage paired with other types of eligible net metering systems), as 

well as the eligibility of net metering facilities to participate in the Forward Capacity Market. A technical 

conference was held in late January 2018. MA      

NCCETC (2018); 

https://malegislature.gov/Bills/190/H4835

Process & 

Approvals

ES Procurement 

Authority

Massachusetts H. 4568 (2016) An Act to promote energy diversity, allows the Department of Energy 

Resources to decide whether to adopt an energy storage procurement target. MA      

NGA (2016); The Commonwealth of 

Massachusetts. Bill H. 4568, An Act to 

Promote Energy Diversity. 

(https://malegislature.gov/Bills/189/House/H45

68).

Utility-Driven 

Demonstrations

Grid 

Modernization

In response to a June 2014 Department of Public Utilities (DPU) grid modernization planning order, 

Eversource filed a August 2015 plan consisting of, among other elements, energy storage, voluntary time-

varying rates, and consumer outreach and education efforts. MA      NCCETC (2018) 

Planning & Access

Non-Wires 

Alternatives

Open docket to consider NWAs (Docket 2011-00138), including implementation of the Boothbay Harbor 

Smart Grid Reliability Project (a transmission upgrade project featuring utility-scale energy storage). ME

MDER et al. (2016); 

https://www.utilitydive.com/news/maine-turns-to-

battery-storage-to-avoid-transmission-

investment/400440/ 

Process & 

Approvals Interconnection

In November 2017, the Maine Public Utilities Commission opened a rulemaking proceeding to amend the 

state’s small generator interconnection rules. The Commission’s proposed revisions do not address energy 

storage, but intervenor comments make a few suggestions related to interconnection of storage systems. 

The PUC approved amended interconnection rules in March 2018, which do not include amendments 

related to energy storage systems. ME      NCCETC (2018) 

Business Model & 

Rate Reform Rate Design

In 2016, the NY Public Service Commission approved new rate models. The reformed regulatory model, 

converting from cost-of-service to market-based, was seen as posing potential challenge to energy storage. 

In the former, regulators can direct utilities to deploy storage. In the latter, deployment depends in part there 

being a value for services (e.g., peak reduction) or supportive rate designs. NY

https://www.utilitydive.com/news/new-yorks-
energy-storage-target-could-end-up-at-3-gw-by-
2030/526895/

Business Model & 

Rate Reform

Time-Varying 

Rates

S.B. 3093 created a Real Time Smart Meter program. Charges for customers in the program would be 

calculated from both the electricity used and the time it as used, along with a flat fee to cover generation 

and service costs. NY      NCCETC (2018) 

Incentives & 

Financing Grant Program

The NYSERDA Clean Energy Fund (2017) provides up to $15.5 million for energy storage, to be doled out 

in mutliple stages between 2017 and 2019. NY      K&L Gates (2018)

Incentives & 

Financing Tax Credit

A.B. 6235 creates a state tax credit (25% of costs, up to a maximum of $7,000) for residential energy 

storage. NY      NCCETC (2018) 

Incentives & 

Financing Tax Exemption

S.B. 6762 expands state property tax exemptions to include a variety of renewable and higher efficiency 

technologies, including energy storage. NY      NCCETC (2018) 

Mandates

Energy Storage 

Substation 

Mandate

A 2017 NYSPSC Order mandated investor owned utilities to deploy and have operating at least two 

separate energy stroage projects by the end of 2018. NY      K&L Gates (2018)

Mandates

Energy Storage 

Target

In January 2018, Governor Cuomo announced a statewide energy storage procurement target of 1,500 MW 

by 2025. NY      

NCCETC (2018); 

https://www.utilitydive.com/news/new-yorks-

energy-storage-target-could-end-up-at-3-gw-by-

2030/526895/ 

Mandates

Energy Storage 

Target Planning & Access

Roadmap 

Development

The 2016 NY Energy Storage Roadmap builds upon the 1GW by 2022 goal of the 2012 Roadmap to call 

for 2GW of storage by 2025 and 4GW by 2030. NY

NYSERDA Energy Storage Roadmap; 

http://documents.dps.ny.gov/public/Common/V

iewDoc.aspx?DocRefId={2A1BFBC9-85B4-

4DAE-BCAE-164B21B0DC3D}

Analysis, R&D, & 

Market Support

Energy Storage 

Study

Developed by the Department of Public Service and New York State Energy Research and Development 

Authority to plan an approach and make recommendations to achieve a 1,500 MW energy storage target. 

Published in June 2018. NY

https://www.ethree.com/wp-
content/uploads/2018/06/NYS-Energy-Storage-
Roadmap-6.21.2018.pdf

Mandates

Self-Directed 

Program

Legislation introduced in January 2017 requires the New York Public Service Commission to create a self-

directed program for promoting renewable energy, microgrids, fuel fells, and energy storage technologies. NY      NCCETC (2018) 

Process & 

Approvals

Energy Storage 

Compensation

Process & 

Approvals Interconnection

As part of New York’s Reforming the Energy Vision (REV) proceeding, the Public Service Commission (PSC) 

is developing a methodology for DER valuation that provides a more precise and complete accounting of 

the values and costs of DERs, including energy storage, than traditional net metering. NY      

NCCETC (2018); https://rev.ny.gov/rev-demo-

projects-1

Process & 

Approvals Interconnection

NYPSC CASE 15-E-0557 (2016) approved incremental changes to streamline the State’s existing 

interconnection requirements. NY      NGA (2016)

Process & 

Approvals

Safety and 

Building Code 

Requirements

New York NFPA 885 – ES safety regulations to come out in 2020 for BTM, citing storage in high-demand 

areas also resulted in building code conflicts, necessitating collaboration to establish appropriate permitting 

requirements. NY      

K&L Gates (2018); 

https://www.utilitydive.com/news/new-yorks-

energy-storage-target-could-end-up-at-3-gw-by-

2030/526895/ (accessed August 2, 2018)

Business Model & 

Rate Reform Rate Design

Public Utility Commission of Texas (PUCT) Substantive Rule 25.192 exempts wholesale energy storage from 

transmission service rates. The rule also excludes wholesale storage load from coincident peak demand 

calculations. TX      K&L Gates (2018)

Incentives & 

Financing Grant Program

The Texas New Technology Implementation Grant Fund provides grants for renewable energy+storage 

projects in targeted air quality areas. TX      K&L Gates (2018)

Planning & Access

Non-Wires 

Alternatives

In February 2018, the Public Utility Commission of Texas opened this docket to address the use of non-

traditional technologies for electric delivery service. This docket arises from a previous docket, No. 46368, 

which concerned AEP Texas North Company's request to deploy energy storage as a non-wires alternative. 

The earlier docket has been closed to allow for this wider investigation. A procedural schedule has not yet 

been set for this docket. TX      NCCETC (2018) for Docket, K&L Gates (2018)

Process & 

Approvals

Defining Storage 

Services Planning & Access

Wholesale Market 

Rules

Texas SB 943 (2011) clarified that energy storage technology, when used as generation assets, are 

considered generation assets. Energy storage must also register with the Public Utility Commission of Texas. TX      

NGA (2016); K&L Gates (2018). Also noted in 

VDPS (2017) and IREC (2017).

Process & 

Approvals Wholesale Pricing

Process & 

Approvals

Defining Storage 

Services

PUCT Substantive Rule 25.501(m) defines wholesale storage, including such considrations as how it is 

charged, how it is metered, and how  electricity stored is subsequently regenerated and sold. TX      K&L Gates (2018)

Utility-Driven 

Demonstrations

Energy Storage 

Proposals

In February of 2018, a proceeding surrounding a proposal to install utility-scale lithium-ion batteries in the 

AEP Texas North Company distribution system was dismissed without prejudice, prompting a call for 

Commission Staff to undertake a rulemaking to create a regulatory framework for energy storage in ERCOT. TX      NCCETC (2018) 

1. https://www.electricchoice.com/map-deregulated-energy-markets/; 2. https://www.ferc.gov/market-oversight/mkt-electric/southeast.asp; 3. https://blog.aee.net/understanding-irps-how-utilities-plan-for-the-future




