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Executive Summary

In November 2015, NARUC President Travis Kavulla announced that the
newly created Staff Subcommittee on Rate Design would create a manual to assist
commissions in considering appropriate rate design and compensation policies
for distributed energy resources (DER). The reason for this manual is that the
nature of electricity delivery, consumption, generation, and grid itself are chang-
ing, and changing rapidly. Instead of traditional, one-way delivery of electricity
from large, central station power plants located far from load, via high voltage
transmission lines, to lower voltage distribution lines, and, finally, to the home,
technologies are now available directly to customers that allow them to generate
their own electricity, respond to prices, reduce (or increase) demand when useful
to the system, or store electricity for use at a later time. Many of these technologies
are affordable to the majority of customers, with more technologies coming down
in costs over the near term. Understanding how DER impacts the grid itself,
including reliability, is an important factor, but also understanding where, when,
and how DER can benefit the grid is of equal value. This manual attempts to
provide regulators and stakeholders with information on how to address these
opportunities, while maintaining affordable, reliable, safe, and secure electricity.

This Manual is organized to provide regulators with a comprehensive
understanding of the question of how does DER affect regulation. It lays out a
background on the principles of rate design and compensation, the availability and
use of new technologies, an explanation of what is DER, and describes a set of
certain types of DER. This is to provide a regulator ample background of not only
how DER impacts existing regulatory and utility models, but also provides a
foundation for considering how to evolve along with this transition. The Manual
then describes a variety of rate design and compensation options that a jurisdic-
tion may consider—the options described herein are not the only ones available to
ajurisdiction, but are the most prevalent under discussion today. The Manual goes
through them laying out the pros and cons of the option, and providing regulators
with information to assist them in their consideration. Lastly, the Manual outlines

afew practical ways for it to be used, including examples of determining costs and



benefits of DER, questions for a regulator to support an investigation into appro-
priate rate design and compensation for DER, and how to use some of the details in
this Manual to support a decision-making process.

This version of the Manual is not the final word. As noted throughout,
customer preferences and adoption rates, and the implementation of new technol-
ogy on the grid side will continue to grow, and with that growth comes new evi-
dence, more solutions, and, perhaps more questions. The lack of more widespread
experience with certain types of DER, and the shortage of available data at this
point in time means that we have barely scratched the surface of what this future
could look like. Commissions around the country are opening proceedings on the
topics raised in this Manual almost every month; those proceedings will take time,
the results of those proceedings will then take time to implement. This Manual
provides a benchmark for those discussions and solutions and is limited only to
the discussion rate design and compensation for DER; as noted throughout, there
are a number of other topics that are closely related to this topic that are better
suited for its own document. This Manual will be revised at some point in the
future, when conditions or demand warrants it. Supplements may be added in the
intervening years to assist with definitions or processes, but experience and data
will drive its next iteration.

This Manual was created with the assistance of staff from around the
country, many of whom are in the midst of the very same topics addressed here.
The Manual is not designed to answer questions, but to provide regulators with
support. Even at low levels of adoption, a jurisdiction should not be content to
wait until adoption levels start to increase; planning for the future will enable a
jurisdiction to have the tools in place when it is ready to act. Being proactive
and maintaining awareness of customer adoption and behaviors will greatly
alleviate the strain on a commission, utility, and stakeholders when it does
come time to act. By acting now, even if the conclusion is to keep a particular
policy in place, does much to inform a commission, and better understand what
it may need to do in the future, and can put the commission on a path towards a

smooth transition to this future.



Preface

On the same day as the creation of the new Staff Subcommittee on Rate
Design, NARUC President Travis Kavulla noted in his elevation remarks that
the subcommittee would be tasked with the simple project of preparing a
manual on rate design and compensation for distributed energy resources.
While sitting in the audience listening to the task assigned to the staff subcom-
mittee, I realized that no one had told me about this project in advance.
However, even having gone through everything related to the development of
this Manual, I would do it again. The task placed under my care is a major
component of understanding the current issue of how distributed energy
resources play with existing electric utilities. The retail, regulated electric
industry has operated largely the same way since the late 1800s. Evolution and
progress are necessary, and unnecessarily relying on solutions of the past does
little to meet the needs of the future. My hope is that this document provides
useful insight and information to commissions across the country on the topic
of rate design and compensation for distributed energy resources.

The development of the Manual underwent several variations over the
course of the eight months it took to create. It seemed that no sooner had the
drafting team settled on a course of action, a new state would issue a decision
with a unique take on a question, or identify a new issue we had not considered.
This Manual could sit around forever, constantly being modified as new poli-
cies, laws, and questions come up almost daily; however, we cannot wait for-
ever. Commissions are struggling with these issues and we hope this Manual
will provide some options for commissions and guide them through their
proceedings. However, this is not the end of the project, as more work needs to
be done.

The beginning of this Manual was in February 2016, when the drafting
team first convened to talk about what the Manual should accomplish, what
issues we needed to cover, how to start organizing the Manual, and assign
responsibilities. A second face-to-face meeting was held in June 2016 to review

progress, make alternations, and ensure we were still on track. We issued the



draft version of the Manual in July 2016. The document that follows is a culmi-
nation of this work.

It would not have been possible to complete this project, or complete it in
the time provided, without the drafting team, whose members volunteered
their expertise and time, including nights, weekends, and, sometimes, very
early mornings, to finalize this Manual. The drafting team included Anne-
Marie Cuneo of the Nevada Public Utilities Commission, Stephen St. Marie of
the California Public Utilities Commission, Jeff Orcutt of the I1linois Commerce
Commission, Nick Revere of the Michigan Public Service Commission, Jamie
Barber of the Georgia Public Service Commission, Dan Cleverdon of the
District of Columbia Public Service Commission, and Erin Kempster and Emily
Luksha of the Massachusetts Department of Public Utilities. Your devotion to
public service, seeking out best practices, and, most importantly, keeping the
best interests of consumers, through thick and thin, were a constant source of
inspiration.

I want to thank other staff from around the country who provided
information, answered questions, and helped with the content: Tricia
DeBleeckere of the Minnesota Public Utilities Commission, Norm Kennard of
the Pennsylvania Public Utility Commission, Jon Kucskar of the Maryland
Public Service Commission, and Rachel Goldwasser of the New England
Conference of Public Utility Commissioners. Additionally, the project received
tremendous support from NARUC Executive Director Greg White, and NARUC
staff, including Miles Keogh, Jennifer Murphy, and Kerry Worthington, who
went more than out of their way to support the drafting team and keep the
project on target. I also want to thank the Commissioners of the Minnesota
Public Utilities Commission, including Chair Beverly Heydinger,
Commissioner Nancy Lange, Commissioner Dan Lipschultz, Commissioner
John Tuma, and Commissioner Matt Schuerger, for supporting my participa-
tion as chair of the Staff Subcommittee and the work of the subcommittee.
Thank you to the commissioners from each jurisdiction that was represented

by the drafting team for your support in this project. Also, to the individuals



and groups that submitted comments in response to the survey and the draft,
and at the town hall, the drafting team very much appreciates your thoughtful-
ness, thoroughness, and relentlessness, which has helped greatly with the final
version of this manual. Lastly, a thank you to NARUC’s Executive Committee
and President Travis Kavulla; your advice, recommendations, and support

were always timely and beneficial, which made the Manual better.

Chris Villarreal
Minnesota Public Utilities Commission
Chair, NARUC Staff Subcommittee on Rate Design
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. Introduction

On November 11, 2015, at its Annual Convention, the National Association
of Regulatory Utility Commissioners (NARUC) adopted a resolution to create a
Staff Subcommittee on Rate Design.' The purpose of creating this Staff
Subcommittee was to provide a forum for utility commission staff to discuss
rate design challenges in their jurisdictions with staff from other commissions.
The Staff Subcommittee’s purview includes electric, water, and natural gas rate
design topics. The Staff Subcommittee also works with other NARUC Staff
Subcommittees where areas of interest overlap. For example, the Staff
Subcommittee on Rate Design works with the Staff Subcommittee on Water
when appropriate, and also works with the Energy Resources and Environment
Staff Committee on other select rate design issues.

In its Resolution creating the Staff Subcommittee on Rate Design, NARUC
recognized the increasing importance of rate design issues to policy develop-
ment across the states, most notably as they apply to distributed energy re-
sources (DER). Upon his elevation as President of NARUC, Montana Public
Service Commission Commissioner Travis Kavulla announced that the Staff
Subcommittee on Rate Design would prepare a DER compensation manual to
assist jurisdictions in navigating the challenges, considerations, and policy
development related to compensating DER. As stated by NARUC President
Kavulla, “This subcommittee will work to create a practical set of tools—a
manual, if you will—for regulators who are having to grapple with the compli-
cated issues of rate design for distributed generation and for other purposes.”
The development of this Manual is in response to NARUC’s resolution and the
request of the association’s leadership.

The growth of DER across jurisdictions poses unique challenges to the

status quo for regulators. The traditional way of electricity delivery from large

1 NARUC, “Resolution to Create a NARUC Staff Subcommittee on Rate Design,” November 11,
2015, http://pubs.naruc.org/pub/D2DDD7AC-E73C-B386-630C-B88491DD0608.

2 Travis Kavulla, “Installation Remarks of NARUC President Travis Kavulla,” November 10, 2015,
https:/www.naruc.org/about-naruc/press-releases/pr-111015/.
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power plants over transmission and distribution wires to the customer is
increasingly being challenged, in part due to the growth of DER and changing
technologies. DER are resources located on the distribution grid, often on or
close to the customer’s premises, and are capable of providing many services to
the customer and the grid. DER such as rooftop solar generation can offset the
premise’s consumption and deliver excess generation into the distribution
grid. DER, like demand response, can allow the demand on the system to re-
spond to system prices and conditions. DER are not simply supply or demand,
as traditionally thought, but can be multiple types of resources, such as storage
or advanced technology paired with a resource, capable of providing a variety
of benefits and services to the customer and the grid.

Furthermore, traditional utility and regulatory models built on the
assumption of the utility providing enough electricity to meet the entire needs
of its service territory are under pressure by DER. New investments may be
needed to effectuate the two-way flow of electricity, new ways of allowing the
utility to recover its costs may be needed, and new assumptions regarding the
forecasting of customer demand will be necessary to meet this challenge. A
jurisdiction will need to identify its current status regarding DER and what
role it expects DER to have in the future, understand the nature of DER adop-
tion rates, and identify necessary policy developments or rate design modifica-
tions to accommodate that future.

This Manual is intended to assist jurisdictions in developing policies
related to DER compensation. It is also intended to be similar to other NARUC
manuals on topics such as cost allocation and natural gas rate design. Its pur-
pose is to assist jurisdictions in identifying issues related to DER and assist
regulators in answering questions in a way most appropriate for their jurisdic-
tion. This Manual provides regulators with possible rate design and compensa-
tions options that a jurisdiction may want to consider and adopt. Its content
should be applicable regardless of a jurisdiction’s market structure (restruc-
tured versus vertically integrated), whether it is an organized wholesale

market, or its adoption of technology, be it advanced utility infrastructure or



availability of customer-sited technology.

The Manual is organized in five main sections. Section II describes the
basic rate design process and how DER affects that process. Section III discusses
what DER is, why it is important for states to consider, and an identification of
an initial set of technologies. Section IV describes the systemic challenges and
questions raised by the details of rate design and compensation. Section V
outlines a variety of possible rate design and compensation methodologies that
ajurisdiction may consider. Lastly, Section VI provides information to assist a
regulator begin to collect information to support consideration of rate design
and compensation options, identifies an initial set of questions to ask, an
outline of how to identify costs and benefits of DER, and considerations for
when it may be appropriate to reconsider existing DER compensation methods
based on DER adoption levels in a jurisdiction or utility service territory.

This Manual provides a snapshot of options available today, and the role
of advanced technology in the future to assist a regulator in monitoring the
development of DER. This Manual cannot predict the future, such as future
uses of DER, future DER technologies, future business model options, or any
unanticipated advancements in market development or policy development
that may affect this topic. Given that limitation, this Manual will hopefully
provide regulators with the ability to meet current needs and plan for future
demands. How it is ultimately used will be decided by regulators, utilities,
customers, and other participants. As the pace of change develops, jurisdic-
tions gain greater experience and understanding of these issues, and adoption
rates progress, new data will become available that will warrant revisions and
updates to this manual.

In developing this Manual, the Staff Subcommittee on Rate Design
provided three opportunities for public input on this process and document. In
March 2016, NARUC released a survey seeking responses to five questions that
would help the drafting team develop the scope of issues and an initial set of
resources. The survey questions are attached in Appendix 1. Responses to the

survey were received in April 2016. A draft version of this Manual was released



in July 2016, in advance of the 2016 NARUC summer meeting, held in Nashville,
Tennessee. At the 2016 summer meeting, NARUC held a town hall meeting to go
through the draft Manual and receive initial, verbal comments from attendees
and the public.”? Written comments on the draft Manual were received on
September 2, 2016. Those written comments on the draft Manual will be publi-
cally posted to the NARUC webpage around the time of the 2016 NARUC Annual
Meeting on November 13-16, 2016.

The topics of DER, its impacts on rate design, and potential compensation
options only scratch the surface of a wide swath of other issues implicated in
this discussion. For example, this Manual does not address utility business
model discussions, utility compensation and revenue recovery options, and
larger market development solutions beyond simply addressing DER. Concepts
such as performance-based ratemaking, distribution system operators, the role
of the utility in providing technology to customers, or distribution utility
system planning are not covered in depth in this Manual, but are important
conversations to have considering the current state of the utility industry.
NARUC may investigate these topics more fully in other forums.

The Staff Subcommittee on Rate Design thanks all who assisted in the
development and review of this Manual, and appreciates the time and effort of
those on the Staff Subcommittee who assisted in the development and review of

this Manual, and those who have provided input and/or comments.*

3  Agenda and notice of town hall are available at Appendix 2.

4  Members and Observers of the Staff Subcommittee on Rate Design are included in Appendix 3.



Il. What Is the Rate Design Process?

A. Definition, Principles, Goals, and Purpose

Before going into the details of rate design modifications that may be
needed due to the growth of DER, a foundation must be set relating to the basic
purposes for rate design and associated foundational principles. Additionally,
a key component of understanding how rates are determined includes under-
standing costs and which costs a utility is allowed to recover by the regulator.
This section provides an overview of these two components, which apply to
most basic rate design processes across the country. This discussion recognizes
that most existing rate designs are not explicitly designed to reflect the precise
costs to serve each customer. Customers vary in ways often not recognized by
rate design, such as multi-family residences compared with single family
residences, or rural residences compared with urban residences, and the costs
associated with these variances differ. Electricity costs vary throughout the
year, month, week, day, and hour; rate design balances this reality to allow for
the utility to recover its total costs of service (i.e., revenue requirement) over
the course of time, be it monthly, yearly, or across rate case proceedings. This
averaging of costs into a rate supplies a convenient rate over time, but does not
reflect the changing nature of electricity delivery (particularly with increasing
amounts of DER materializing). DER may impose onto the utility new costs,
which need to be recovered to ensure the utility’s financial health and to allow
the utility to recover necessary investments in the distribution grid to main-
tain reliability and quality of service. Of course, over the long term, DER may
reduce utility costs. Identifying the appropriate principles, goals, and objec-
tives for rate design can assist a regulator in determining an appropriate rate
(or compensation methodology) that collects the authorized utility costs or

authorized revenue requirement.

1. Rates

Rate design, the process of translating the revenue requirements of a
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utility into the prices paid by customers, is often said to be more art than
science. While there is often agreement amongst parties to the rate-setting
process on the various goals and principles of rate design, parties will value
and weight those goals and principles differently. Furthermore, the parties’
opinions on the specific application of those goals and principles will vary
based of their application. Rate design may be influenced by legislative initia-
tives and political and environmental policies. However, a single rate design
may not meet all rate design principles and policy goals. Indeed, many of the
goals and principles conflict with one another, and it is the job of the regulator
to weigh these principles and goals and approve a rate design that best reflects
the public interest as the regulator sees it.

The basic purpose of rate design is to implement a set of rates for each
rate class—residential, commercial, and industrial—that produces the reve-
nues necessary to recover the cost of serving that rate class. In practice, rates
are not based on an individual customer’s cost to serve; rather, similar custom-
ers are accumulated into rate classes. In this way, the total cost incurred to
provide service to the entire rate class can be determined through detailed
studies using cost-causation principles. This total cost is then allocated across
all the customers in that rate class.

Over the years, several authors have laid out goals and principles of rate
design that continue to be referred to, by both more recent authors and the
various parties to the rate-setting process. One of these enduring authors is
James Bonbright, whose Principles of Public Utility Rates lists the following
criteria for a desirable rate structure:

1. The related, practical attributes of simplicity, understandability,
public acceptability, and feasibility of application.

2. Freedom from controversies about proper interpretation.

3. Effectiveness in yielding total revenue requirements under the fair-re-
turn standard.

4. Revenue stability from year to year.

5. Stability of the rates themselves, with a minimum of unexpected



changes seriously adverse to existing customers.

6. Fairness of the specific rates in the apportionment of total costs of
service among the different consumers.

7. Avoidance of “undue discrimination” in rate relationships.

8. Efficiency of the rate classes and rate blocks in discouraging wasteful
use of service while promoting all justified types and amounts of use

a. in the control of the total amounts of service supplied by the
Company

b. in the control of the relative uses of alternative types of service
(on-peak versus off-peak electricity, Pullman travel versus coach travel, sin-
gle-party telephone service versus service from a multi-party line, etc.).’

Bonbright distills the above criteria down to three primary objectives of
rate design from which the others flow:

1. the revenue-requirement or financial-need objective, which takes the
form of a fair-return standard with respect to private utility companies;

2. the fair-cost-apportionment objective, which invokes the principle
that the burden of meeting total revenue requirements must be distributed
fairly among the beneficiaries of the service; and

3. the optimum-use or consumer-rationing objective, under which the
rates are designed to discourage the wasteful use of public utility services
while promoting all use that is economically justified in view of the relation-

ships between costs incurred and benefits received.®

2. Costs

While the most commonly used forms of rate design may not be an
attempt to communicate costs with perfect accuracy to the customer, the cost of
serving that customer is an indispensably important ingredient in any rate

structure. To create an appropriate rate, it is important to distinguish between

5  James C. Bonbright, Principles of Public Utility Rates (New York: Columbia University Press,
1961), 291.

6 Id.,292.



Case Study

Northern States Power Company-
Wisconsin Rate Case Proceeding
(Docket No. 4220-UR-121)

Key Topics: fixed costs; variable costs

The concept of fixed versus variable
costs was illustrated in a Northern States
Power Company-Wisconsin rate case be-
fore the Public Service Commission of
Wisconsin. In its Order dated December
23, 2015, the Commission stated that the
following cost components are reasonable
to be included for consideration as fixed
costs to serve the residential and small
commerecial classes: (1) administrative and
general, (2) metering, (3) service
drops-customer, (4) service drops-demand,
(5) line transformers-customer (with the
exception of the demand-related portion),
(6) line transformers-demand, and (7)
poles and conductors-customer.

Application of Northern States Power
Company-Wisconsin for Authority to Adjust
Electric and Natural Gas Rates, Final
Decision, Docket No. 4220-UR-121 at 46, PSC
Wisconsin (December 23, 2015).

fixed and variable costs. Such a distinction
informs, though does not entirely decide,
the basis on which rates should be designed
to collect those costs. Separately, a regula-
tor may also choose to have the rate design
send a price signal, which may more accu-
rately reflect the cost to serve the customer
at a certain point in time or over a specified
time period.

Many utility costs are fixed in the
short term. In the long term, many utility
costs are variable. The question, then, for a
regulator is how much of a utility’s costs
should be considered fixed for the pur-
poses of setting rates. Here, also, there is
much disagreement. Some argue that in the
short term to mid-term, costs are not
terribly sensitive to changes in use. As a
result, a customer that lowers its usage
creates an additional burden on others, as
the reduction in cost recovery must be
covered by someone else. Others argue that
the appropriate time horizon to price these

costs is over the long term, because of

economic theory or the long planning horizon of the utility.

The majority of rate design considerations have corresponding consider-

ations for cost allocation, and vice-versa. To the extent that regulators desire

rates to be based on cost-causative elements, the allocation of those costs is (or

should be) on the basis of those cost-causative elements. The regulator may

decide that the allocation of costs should reflect decisions made about the way

those costs are collected, or vice-versa, which may also mitigate potential



intra- and inter-class subsidies.”

B. Different Types of Rate Design

There are several ways to structure the rates paid by customers. Each
tends to accomplish certain principles, goals, and objectives of rate design, as
determined by the regulator, while neglecting others. Rate structures can also
be combined in varying degrees in an attempt to balance the objectives of the
jurisdiction.’ The overwhelming majority of residential customers are on
either a flat rate or an inclining block rate.” A jurisdiction may wish to consider
alternative rate design on its own merits without considering it as a response
to DER. What follows are descriptions of a variety of basic service offerings for

residential customers.

1. Flat Rates

A flat rate design charges customers per unit of consumption, at the
same rate for all units of consumption. The total costs (or some subset) allo-
cated to a class are divided by the usage of that class to produce a rate. This rate
is then uniformly applied to any usage by a customer within that class. This
rate structure (in combination with a monthly customer charge) is commonly
used in designing rates for residential electric customers. Indeed, this is the
most common form of residential rate design used across the country today. A

flat rate can meet certain objectives, such as affordability, identified by the

7  For anintroduction to cost allocation methodologies, see NARUC, Electric Utility Cost Allocation
Manual (Washington, D.C.: NARUC, January 1992).

8 Notdiscussed in this Manual are pre-pay payment options. Pre-pay can utilize any type of rate
design described in this section, but the customer pays in advance rather than at the end of a
billing cycle. In other words, the customer pays in advance for its consumption, then as their
balance falls below a certain level, the customer can add funds back into its account. Utility
examples of pre-pay programs include Salt River Project’s M-Power (http:/www.srpnet.com/
payment/mpower/) and Georgia Power’s PrePay option (https:/www.georgiapower.com/
residential/payment-options/pre-pay-options.cshtml. See also, U.S. Department of Energy,
“Bridging the Gaps on Prepaid Utility Service” (Washington, D.C.: U.S. Department of Energy,
September 2015).

9  Peter Cappers, et al., “Time-of-Use as a Default Rate for Residential Customers: Issues and
Insights” (Berkeley, CA; Lawrence Berkeley National Lab, June 2016), 1.
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jurisdiction. On the other hand, recognizing that the cost of electricity varies
throughout the day and by location, a flat rate may not reflect the actual costs to
serve a customer in a given time period. For example, it tends to cost more to
serve customers during peak periods due to the increasing marginal cost of
generation (i.e., peaking generation plants have higher operational costs,
which is reflected in wholesale electricity costs), and the shortage of available
capacity on the transmission or distribution grid. A flat rate does not reflect
these conditions. A flat per unit rate tends to benefit low-use customers and
poses some disadvantages to some customer classes, such as commercial and
industrial (C&I) customers with high load factors and high volumetric con-
sumption. For example, if the provision of service (i.e., generation as reflected
in dollars/kilowatts per hour [k Wh]) is more expensive at certain times of day,
this rate fails to reflect that, and those customers using proportionally more of
their electricity at the higher cost times are being subsidized by those that use
proportionally more at lower cost times. Additionally, supply costs can vary
daily and hourly; therefore, a flat per unit rate sends a poor price signal for
supply resources if they do not receive a time-differentiated wholesale price
that reflects the value of their production. Flat rates do not require advanced

metering infrastructure (AMI) technology to implement.

2. Block Rates

An increasing, inverted, or inclining block rate (IBR) structure is designed to
charge customers a higher per unit rate as their usage increases over certain
“blocks” within a billing cycle. For example, a three-tier IBR would identify three
blocks of usage: block one could be 0 kWh-150 kWh, block two could be 150 kwh-
250 KWh, and block three could be all usage over 250 kWh. For each block, there is
aprice for all electricity used within it, with the price increasing as a customer
moves through the blocks over a billing period. One of the main purposes of an IBR
is to send a conservation signal to customers and to incentivize energy efficiency
and reduce consumption on the system. In other words, as the price increases with

each block, customers may be encouraged to conserve to avoid having to pay the



higher block price. In designing an IBR, some considerations must be made, such
as the price differentials between the various consumption blocks and the avail-
ability of timely consumption information to customers. If customers do not
possess the ability to access their consumption data throughout the billing cycle,
they will not know when their consumption reaches the higher block rate.*
Another consideration is that IBRs impose higher per unit costs on high-use
customers even though delivering additional volumes may not increase the costs
of providing delivery service. Although the incentive to conserve electricity over
time is considered greater with an IBR design through avoiding higher prices
during the month, this rate does not reflect the hourly or daily changes to the cost
of electricity."* A customer may pay more for electricity over a given month, even
though a majority of its usage may be entirely off-peak; since an IBR does not
reflect the day-to-day considerations of peak and off-peak, a customer may over-
pay for electricity as compared with its otherwise basic cost of service.

An example of an IBR follows. This example also contains a seasonal
adjustment to reflect the increased costs of providing electricity during the

summer peaking time for this utility.

Georgia Power

Schedule R-22, effective January 2016™

Block (kWh) October-May June-September
<650 5.6582 cents per kWh 5.6582 cents per kWh
650-1,000 4.8533 cents per kWh 9.3983 cents per kWh
> 1,000 4.7641 cents per kWh 9.7273 cents per kWh
Basic Service Charge $10 $10

10 It may be possible for utilities with AMI to provide a notification to customers when they cross
over into the next block or are close to crossing into the next block.

11 Anopen question is whether a customer responds to the higher block price or the average
price. See, Severin Borenstein, “The Economics of Fixed Cost Recovery” (U.C. Berkeley: Energy
Institute at Haas, July 2016), 13.

12 Georgia Power, “Residential Service Schedule: R-22,” 2016. https://www.georgiapower.com/
docs/rates-schedules/residential-rates/2.10_R.pdf.
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A decreasing or declining block rate (DBR) structure is designed to
charge customers a lower per unit rate as their usage increases within a billing
cycle. DBRs are still sometimes used to reflect decreasing fixed costs per unit as
output increases; a higher initial rate would recover the initial fixed costs, and
rates would decrease over the blocks as the rate reflects more variable costs.
There is some disagreement that by lowering the savings potential, DBRs
discourage conservation, energy efficiency, and customer adoption of technol-
ogies that may reduce consumption or otherwise reflect costs. These types of

block rates do not require advanced metering technology to implement.

3. Time Variant Rates

Time-variant rates (TVRs) are designed to recognize differences in a
utility’s cost of service and marginal costs at different times (e.g., hour, day, or
season). Generally, a TVR design charges customers a higher price during peak
hours and a lower price during off-peak hours. Unlike with flat rates, custom-
ers need to be aware of usage throughout the day and the month to respond to
the price signals in a TVR design. A customer may increase savings under a
TVR compared with a flat rate, if that customer uses energy in response to the
time-variant price signal, such as shifting usage to lower-cost periods or
conservation. A regulator may consider a variety of time-variant price options;
each option provides the regulator with the ability to reflect a variety of goals,
such as cost causality and load shifting. TVR requires a meter capable of mea-
suring the time of a customer’s consumption. With the advent of AMI, the
metering technology is capable of implementing these rate design options on a
wider scale.

A time-of-use (TOU) rate charges customers different prices according to
apre-determined schedule of peak and off-peak hours and rates. For many
utilities, TOU rates have been a voluntary option for residential customers for
decades, but, generally, few customers participate. Lack of cost-effective
interval metering technology, as well as poor design, have hindered the wider

development of TOU, but utility roll-out of advanced metering technology



across many jurisdictions can
help facilitate the implementa-
tion of a TOU rate design. Many
C&l electric customers already
receive service under TOU rate
designs. The following are
examples of TOU rate studies
or pilot programs:

e Arizona—Arizona
utilities have offered various
time-varying rate options to
their customers since the 1980s.
As of 2015, Arizona Public
Service Company (APS) has
enrolled over 52 percent of its
1.2 million customers in an
opt-in TOU rate (the most of
any utility in the country),

while Salt River Project has

Case Study
California Residential Rate Design
Key topics: default TOU rates; residential rate reform

In July 2015, the California Public Utilities
Commission (PUC) directed Pacific Gas & Electric, San
Diego Gas & Electric, and Southern California Edison to
introduce default TOU rates and an optional two-tier rate
for residential customers by 2019. Starting in 2017, a “su-
per user” electric surcharge will be introduced to penal-
ize customers for excessive energy use (i.e., more than
twice the average usage). In addition, the California PUC
directed Pacific Gas & Electric, San Diego Gas & Electric,
and Southern California Edison to develop TOU rate de-
sign pilots to begin in the summer of 2016.

California PUC, “Fact Sheet—Residential Rate Reform”
(California PUC, San Francisco, CA, 2015), http://www.cpuc.
ca.gov/uploadedFiles/CPUC_Public. Website/Content/
Meetings_and _Events/ResidentialRateReformFactSheet.pdf.

California PUC, “Residential Rate Reform/R.12-06-013”
(California PUC, San Francisco, CA, 2016), http://www.cpuc.
ca.gov/General.aspx?id=12154.

enrolled over 30 percent of its one million customers in an opt-in TOU rate.*®
APS offers segmented time-varying rate plans to suit diverse customer needs,
including complex rates and shortened peak periods with high price differen-
tials. In addition, the utility uses a “point of sale” strategy to enroll customers
when they contract for a new service.

e Kauai Island Utility Cooperative TOU Solar Pilot, Hawaii—On
September 21, 2015, the Hawaii Public Utilities Commission gave approval to
Kauai Island Utility Cooperative to implement a one-year, 300-person TOU

solar pilot that will offer a 25 percent discount on electric rates during off-peak

13 Ryan Randazzo, “Arizona leads California on time-of-use electricity plans,” The Arizona
Republic (May 26, 2015). http://www.usatoday.com/story/money/2015/05/26/arizona-califor-
nia-time-of-use-electricity/27985581/.



daytime hours to shift load to when solar is overloading the grid. Participating
customers need to have advanced meters and will also receive a digital monitor
to see real-time usage, as well as $200 toward the installation of a water heater
timer. The program began in the first quarter of 2016."

e Oklahoma Gas and Electric Smart Hours—Oklahoma Gas & Electric
has an opt-in TOU program with variable peak pricing called Smart Hours with
120,000 customers enrolled as of 2015. The program has a goal of enrolling over
20 percent of residential customers, with the final objective of delaying the
building of a fossil-fuel generation plant. The program offers a non-peak rate
and a high variable rate during peak times of 2 p.m. to 7 p.m."*

Under areal-time pricing (RTP) plan, the customer is charged for generation
at the price set by the wholesale market (for deregulated utilities or vertically
integrated utilities participating in an organized wholesale market) or at the
short-run marginal generation costs (for vertically integrated utilities not partici-
pating in an organized wholesale market) by the hour.'® Large electric customers
may already be indexed to the hourly generation price through a competitive
supplier or utility rate design, but with advanced metering infrastructure, it is
possible to implement real-time pricing for residential and smaller C&I custom-
ers.” RTP is available to residential customers in the Illinois service territories for
Commonwealth Edison (ComEd) and Ameren. The real-time rates for these pro-
grams are based on the day-ahead hourly wholesale price for the given utility
zones." If customers do not possess the ability to shift use during high-price hours,

they may have a negative experience with this rate design.

14 Robert Walton, “Hawaii PUC approves solar TOU rate pilot for co-op KIUC,” Utility Dive
(September 25, 2015). http:/www.utilitydive.com/news/hawaii-puc-approves-solar-tou-rate-
pilot-for-co-op-kiuc/406249/.

15 Oklahoma Gas & Electric, https://oge.com/wps/portal/oge/save-energy/smarthours/.

16 Jim Lazar and Wilson Gonzalez, “Smart Rate Design for a Smart Future” (Regulatory
Assistance Project (RAP), Montpelier, VT, 2015). http:/www.raponline.org/document/
download/id/7680.

17 Id.

18 ComEd uses the day-ahead PJM price for its zone, and Ameren uses the day-ahead
Midcontinent Independent System Operator (MISO) for its zone.



A dynamic pricing rate design
contains pre-established blocks of hours
reflecting the characteristics of costs that
occur during those blocks. Compared with
a TOU rate design that pre-determines a
schedule of peak and off-peak hours and
rates, the utility may revise the dynamic
pricing schedule and rates based on market
conditions."”

A utility may implement a critical
peak pricing (CPP) rate during times of
expected shortages or anticipated high-us-
age days to mimic peak time price in-
creases. The utility will announce, usually
the day before, the hours that the CPP rate
will be in effect. The CPP rate reflects the
higher-generation price of electricity
during those CPP hours or the existence of
scarcity during the event hours. Generally,
the CPP rate is set significantly higher than
the non-CPP rate as a means of incentiviz-
ing customers to reduce consumption. A
CPP can be included with a TOU rate or

paired with a demand response (DR) pro-

Case Study
lllinois Real-Time Pricing
Key topics: RTP bill savings

ComEd has offered real-time pricing
tariffs to its customers since 2007. ComEd’s
Hourly Pricing Program, which currently
has 11,000 participating customers, has
resulted in average bill savings of 15 per-
cent, or $15 million in total. The program
allows customers to track their energy
usage through an online portal and pro-
vides a bill comparison to ComEd’s default
residential rate. Additionally, participants
receive real-time alerts when electricity
prices are expected to be high (i.e., greater
than 14 cents per KkWh).

Ameren Illinois’ Power Smart Pricing
Program has over 10,000 participating cus-
tomers.

Karl Lydersen, “In Illinois, real-time
pricing saving utility customers millions,”
Midwest Energy News, (May 4, 2016), http://
midwestenergynews.com/2016/05/04/in-illi-
nois-real-time-pricing-saving-utility-custom-
ers-millions/.

For information on Ameren’s program,
see https://www.powersmartpricing.org/.

gram; in both cases, the rate is determined by the regulator, but a CPP event is

usually limited to certain peak hours over a year.”® The following is an example

19 Janine Migden-Ostrander and John Shenot, “Designing Tariffs for Distributed Generation
Customers” (Regulatory Assistance Project, Montpelier, VT, 2016), http:/www.raponline.org/

document/download/id/7983.

20 One alternative to a TOU rate is a peak time rebate (PTR), which operates concurrently with a
traditional rate design. A utility sets a pre-established customer baseline of energy consump-
tion before implementation, and the PTR is awarded if a customer reduces its consumption
below the baseline during those peak time hours. Customers will still pay the traditional rate
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of a CPP program:

e Baltimore Gas and Electric’s Smart Energy Rewards, Maryland—

Baltimore Gas and Electric began rolling out its peak time rebate program,

Smart Energy Rewards, in 2012, as the default rate for all customers with an

installed smart meter. As of 2016, more than one million customers were

enrolled and the average bill credit earned during a peak event was $6.67. The

Case Study

Green Mountain Power eEnergy
Vermont Smart Grid Project, Rutland,
Vermont

Key topics: TVR peak load reductions

During the fall of 2012 and summer of
2013, Green Mountain Power conducted a
consumer behavior study to compare the
results of two different electricity-pricing
structures: CPP and critical peak rebate
(CPR). The project, which included over
18,000 customers, resulted in the average
CPP customer reducing its energy usage
by 5.3-15 percent and the average CPR cus-
tomer reducing its energy usage by 3.8-8.1
percent during peak events.

Seth Blumsack and Paul Hines, “Load
Impact Analysis of Green Mountain Power
Critical Peak Events, 2012 and 2013 (U.S.
Department of Energy: Washington, D.C.,
March 5, 2015), https://www.smartgrid.gov/
files/GMP-CBS-Final-20150305.pdf.

program works by notifying customers by
phone, email, or text the day before an
Energy Savings Day. If the customer re-
duces its usage from 1:00 to 7:00 p.m. the
following day, it receives a $1.25 per kWh
bill credit. Customer participation remains
high.*

These TVRs may be used singly or
combined as part of a suite of options. The
following are examples of combined pric-
ing plans or projects:

e Massachusetts—The National
Grid Smart Energy Solutions program in
Worcester signed up 11,000 customers and
saved a total of 2,300 megawatts per hour in
2015. The pilot includes two dynamic
pricing tariffs: Smart Rewards Pricing and
Conservation Day Rebate. The programs
notified customers of 20 peak event days

when the price of wholesale electricity was

during the peak time, but are also rewarded for any reduction in consumption during those
peak hours. Since a PTR does not change the traditional rate design, it may be easier for

residential customers to understand.

21 Smart Grid Consumer Collaborative, “Smart Grid Customer Engagement Success Stories”
(Smart Grid Consumer Collaborative, Atlanta, GA, 2016), https://www.silverspringnet.com/
wp-content/uploads/BGE-2016-SGCC-Customer-Engagement-Case-Study-3-10-16.pdf.



expected to spike. During these days, participating customers reduced their
energy usage by over 30 percent. The average residential customer participat-
ing in the Smart Rewards Pricing program saved over $100 in the summer of
2015, while the average residential customer on the Conservation Day Rebate
program received over $20 in rebates. Combined, both programs saved custom-
ers $1.25 million. Additionally, National Grid achieved a 98 percent retention
rate, which demonstrates customer satisfaction in the program.

e California— During 2012 and 2013, Sacramento Municipal Utility
District (SMUD) conducted a SmartPricing Options Pilot program for over
8,000 customers. The pilot included three time-based rate programs: a two-pe-
riod TOU rate with a three-hour on-peak period (4:00-7:00 p.m.), a CPP on a flat
underlying rate, and a TOU with a CPP overlay. Overall, load reductions from
the pilot ranged from 6 to 26 percent during peak hours. The CPP rates (with a
maximum of 12 events per year) saw the highest reductions. Additionally, over
the entire pilot period, only 4-9 percent of customers elected to leave the

pricing pilot.*

4. Three-Part Rate/Demand Charges

Because the utility system is built to serve peak loads, the costs of provid-
ing electricity at peak hours is higher than during non-peak hours. Part of this
reflects the increased costs of having sufficient infrastructure and generation
necessary to serve customers during peak demand times. To address this
situation, another rate structure option is the three-part rate, which adds a
demand charge to the existing fixed charge and volumetric rate. This rate
recognizes three of the major contributors to a utility’s costs. To the extent that
each component of the rate properly reflects its associated costs, the price

signal to customers should be improved over the use of flat or block rates. Such

22 Jennifer Potter, Stephen George, and Lupe Jimenez, “SmartPricing Options Final Evaluation”
(U.S. Department of Energy, Washington, D.C., September 5, 2014), https://www.smartgrid.gov/
files/SMUD _SmartPricingOptionPilotEvaluationFinalCombo11_5_2014.pdf. For additional
information on consumer acceptance and behavior under the SMUD pilot, see Cappers,
“Time-of-Use as a Default Rate.”



rates have been commonplace for C&I customers, at least as an option, for a
long time. The demand charge component usually reflects the costs to provide
electricity at the peak hour of the month. In an effort to identify costs associ-
ated with peak hours, a “demand charge” is one way for a utility to send a peak
pricing signal over a certain time period (such as a month). Coincident peak
demand charges can be useful in sending a price signal to the customer regard-
ing system costs at the system peak, and consumption during that period is
charged accordingly; however, non-coincident peak demand charges a cus-
tomer for its peak consumption, regardless of the time it occurred.

The metering technology necessary to offer these rates to residential
customers has been gradually installed by many utilities across the country, as
the costs to install the new metering technology had previously outweighed the
benefits. There is some disagreement over the appropriateness of applying a
demand charge to smaller customers. Some argue that the diversity of custom-
ers in alarge class is such that any given customer’s on-peak demand is not a
good indicator of the costs associated with serving that customer. Given that
these rates are calculated based on averages and generally applied to a number
that is resistant to downward pressure, such a concern is somewhat mitigated.
There is also disagreement on the amount of costs that are actually related to
demand, or a particular measurement of demand.* Lastly, system peak is often
known only after the month is over; therefore, a customer has to guess when
the system peak might occur, which may lead customers to view demand
charges as a fixed charge. The following is an example of a demand charge:

e Arizona—APS has offered residential demand rates since 1981 and has
120,000 customers that have chosen a rate plan combining TOU and peak usage
pricing. APS states that 9o percent of customers saved money on their summer

bills and almost half the highest savers are small to mid-size customers.*

23 For example, non-coincident peak or coincident peak. See Section V.A.1.e-f, infra.

24 APS, https://www.aps.com/en/residential/accountservices/serviceplans/Pages/demand-rates.
aspx. See also, Herman Trabish, “APS rate case sparks concern beyond mandatory demand
charge proposal,” Utility Dive (June 7, 2016), http:/www.utilitydive.com/news/aps-rate-case-de-
mand-charge-proposal/420332/.



C. Other Considerations

1. Vertically Integrated versus Restructured

A distribution utility in a restructured jurisdiction is responsible for
operating the distribution system and recovering associated costs through
distribution rates. These utilities do not own generation assets. In such juris-
dictions, energy supply is procured in a competitive market and customers
may be able to choose a company for their own supply services. Non-utility
providers of service operate under limited regulatory jurisdiction and may
offer a variety of rates for service. A large portion of Texas, most of the
Northeast, and some Midwestern states have restructured electric markets.” In

restructured markets, retail utility rates are unbundled so that a customer will

Electricity Restructuring by State

D Not Active

. Active

|:| Suspended

Source: Energy Information Administration

25 California is also a restructured market with unbundling and an independent system opera-
tor, but it has a very limited retail choice market. California’s regulated utilities are subject to
regulated rate making, similar to a vertically-integrated jurisdiction, but generally do not own
generation.
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see a separate charge for generation, transmission, and distribution.

Additionally, an independent system operator (ISO) or a regional trans-
mission organization (RTO) facilitates the operation of the bulk power market
and manages the transmission system across its footprint. With the exception
of the Electric Reliability Council of Texas (ERCOT), bulk power markets and
transmission are subject to Federal Energy Regulatory Commission (FERC)
jurisdiction. ISOs/RTOs include the Independent System Operator-New
England (ISO-NE), New York Independent System Operator (NYISO), PJM
Interconnection (PJM), ERCOT, Southwest Power Pool (SPP), Midcontinent
Independent System Operator (MISO), and California Independent System
Operator (CAISO).

In jurisdictions with vertically-integrated utilities, the rates sometimes
may not be unbundled into separate power supply and distribution rates. As
many of the cost-causative elements differ between these utility functions,
even for a single customer, an appropriate rate structure may be more difficult
to agree on. To the extent that regulators wish to separate prices for different
cost-causative elements, unbundling rates may be an important first step;
indeed, unbundling of billing determinants themselves may be beneficial to
customer education and understanding of the provision of service. The impact
of lowered usage may also have more of an impact on integrated utilities’ total
revenue collection ability, as it has more total revenue requirements associated
with assets that need to be recovered through rates. Conversely, as a percent-
age, fewer distribution costs may vary directly with usage, thereby making low-

ered usage affect distribution-only utilities’ revenue collection ability.

2. Revenue Decoupling

Decoupling is intended to sever the link between sales volume and
revenue for the utility between rate cases. Under decoupling, a utility has the
opportunity to recover their authorized revenue requirement, determined in a
base rate case proceeding, without regard to the amount of sales. The autho-

rized revenue requirement does not change between rate cases. Decoupling



means the utility’s revenue does not increase and decrease proportionally with
usage levels. Approximately 60 percent of jurisdictions do not have a decou-
pling mechanism, so use of decoupling as a solution may be an option for many
jurisdictions to consider.* Under full revenue decoupling, a utility is made
whole for the difference between its annual actual revenues and annual target
revenues. Decoupling is often implemented in conjunction with a multi-year
rate case, which allows the utility to balance year-to-year fluctuations in cost
recovery and total costs. If a utility is experiencing significant over- or un-
der-collections in a given year, a utility may be allowed to recover any un-
der-collections through an increase in the rate, or provide a refund if it is
over-collecting. Decoupling is intended to mitigate or eliminate revenue
fluctuation for the utility resulting from the installation of energy efficiency
and demand resource technology, DER, and external factors such as weather,
economic conditions, and power outages. Partial revenue decoupling isolates
changes in consumption caused by energy efficiency and demand response
from unrelated external factors, outside of the potential for utility manage-
ment control, mentioned above. The decoupling true-up mechanism under
partial revenue decoupling would exclude changes due to the external factors.
This approach to decoupling is more complex than full revenue decoupling.
Regulators should also take into account changes in a utility’s risk profile as a

result of decoupling when determining authorized rates of return.

3. Rate Design as Social Policy

Regulators differ in their willingness or ability to utilize the administra-
tive rate-setting process to advance social policy. Often, regulators will con-
sider the requests of parties to the rate-setting process to advance certain goals
that may create cross-subsidies. The regulator must carefully consider the
public interest and the direction it receives from the legislative and executive

bodies with ultimate authority over it in creating specific cross-subsidies to

26 https://www.nrdc.org/resources/gas-and-electric-decoupling.
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support social policy goals of the jurisdiction. Sometimes this may result in
approval of non-cost-effective programs or rates that subsidize other custom-
ers, but a regulator may decide that such decisions serve a mandate or statute,
or are otherwise in the public interest. Research and development projects may

also fit under this consideration.

4, Low-Income Needs/Affordability

Many jurisdictions implement policies to reduce the burden that low-in-
come customers face in paying their utility bills. Recognizing that electricity
service is in the public interest, many jurisdictions have created programs to
assist low-income or at-risk customers in maintaining electricity service. There
are many different programs for low-income customers across jurisdictions,
and eligibility for these programs usually requires confirmation of a qualified
income by the utility. These programs may include a flat rate payment or
discount, a percentage of income payment plan, a percentage of bill discount,
waived fees, a block rate approach, or usage-based discounts.” For example,
APS offers a medical care equipment program offering discounts to customers

using certain qualifying life support devices.*

APS Medical Care Equipment Program (e-4)

Amount Used (kWh) Discount
0-800 65%
801-1,400 45%
1,401-2,000 26%
2,001+ $60

Additionally, the Low Income Home Energy Assistance Program

(LIHEAP) assists eligible low-income households with their energy costs,

27 Nancy Brockway, Jenn Kallay, and Erin Malone, “Low-Income Assistance Strategy Review”
(Synapse Energy Economics, Inc., Cambridge, MA, 2014), http:/www.synapse-energy.com/
sites/default/files/Low-Income-Assistance-Strategy-Review-14-111.pdf.

28 APS, “Limited Income Home,” 2016, https:/www.aps.com/en/residential/accountservices/
assistanceprograms/pages/limited-income-home.aspx.



including bill payment assistance, energy crisis assistance, weatherization,
and energy-related home repairs. A customer must meet certain eligibility

requirements to enroll in LIHEAP and utility programs.

5. Wholesale Markets

The Energy Policy Act of 1992 established the framework for competitive
wholesale electricity generation markets, and allowed for a new type of elec-
tricity producer, called the “exempt wholesale generator,” to enter the whole-
sale electricity market.”” Additionally, the Energy Policy Act of 1992 directed
FERC to allow wholesale suppliers access to the national electricity transmis-
sion system. With these provisions, independent power producers could
compete to build new non-rate-based power plants.’* FERC Order 888 (1996)**
and FERC Order 2000 (1999)** reduced impediments to competition in the
wholesale bulk power marketplace, with a goal to bring more efficient, lower-
cost power to electricity consumers. In Order 2000, FERC established guide-
lines for the voluntary formation of RTOs to oversee the wholesale markets.*?
An RTO’s four characteristics are independence, scope/regional configuration,
operational authority, and short-term reliability. An RTO’s eight functions are

tariff administration and design, congestion management, parallel path flow,

29 Energy Policy Act 0f 1992, Pub. L. No. 102-486 (1992), http://www.eia.gov/oil_gas/analysis_publi-
cations/ngmajorleg/enrgypolicy.html.

30 Id.

31 Promoting Wholesale Competition Through Open Access Non-Discriminatory Transmission
Services by Public Utilities and Recovery of Stranded Costs by Public Utilities and Transmitting
Utilities, Order No. 888, FERC Stats. & Regs. 11 31,036 at 31,705 (1996), order on rel’g, Order No.
888-A, FERC Stats. & Regs. 11 31,048 (1997), order on rel’g, Order No. 888-B, 81 FERC 11 61,248
(1997), order on rel’g, Order No. 888-C, 82 FERC 161,046 (1998), aff'd in part and rev'd in part sub
nom., Transmission Access Policy Study Group v. FERC, 225 F.3d 667 (D.C. Cir. 2000), aff'd sub
nom., New York v. FERC, 535 U.S.1(2002).

32 Transmission Planning and Cost Allocation by Transmission Owning and Operating Public
Utilities, Order No. 1000, FERC Stats. & Regs. 11 31,323 (2011), order on rel’g, Order No. 1000-A, 139
FERC 11 61,132, order on relh'g and clarification, Order No. 1000-B, 141 FERC 11 61,044 (2012), aff'd
sub nom., S.C. Pub. Serv. Auth. v. FERC, 762 F.3d 41 (D.C. Cir. 2014).

33 Regional Transmission Organizations, Order No. 2000, 65 FR 809 (Jan. 6, 2000), FERC Stats. &
Regs. 11 31,089 (1999), order on reh’g, Order No. 2000-A, 65 FR 12088 (Mar. 8, 2000), FERC Stats. &
Regs. 11 31,092 (2000), aff d sub nom. Public Utility District No. 1 of Snohomish County, Washington
v. FERC, 272 F.3d 607 (D.C. Cir. 2001).



ancillary services, Open Access Same Time Information System/ Total Transfer
Capability/ Available Transfer Capability, market monitoring, planning and
expansion, and interregional coordination.*

Two-thirds of the electricity consumed in the United States is delivered in
regions that operate wholesale electric markets.** Wholesale electric markets
are facilitated by ISOs/RTOs, including ISO-NE, CAISO, NYISO, ERCOT, SPP,*
PJM,*” and MISO.** **

Additionally, the Energy Imbalance Market (EIM) allows balancing
authorities in the western United States to voluntarily participate in a re-
al-time imbalance energy market operated by CAISO. The EIM dispatches
economic bids to balance supply, transfers between the CAISO and other EIM
entities, and load within its footprint. The EIM provides cost-saving benefits as
well as improved renewable integration and increased reliability.*

Electricity in the bulk power market is valued at the locational marginal
price (LMP) at numerous locations on the bulk power system. There may be two
LMP values—day-ahead and real-time—and the LMP may include the wholesale
price of energy, congestion charges, and line losses. Occasionally, wholesale

prices can drop to zero or become negative. This occurs when generators are

34 Order 2000, 5.

35 ISO/RTO Council, The Value of Independent Regional Grid Operators (2005), http:/www.nyiso.
com/public/webdocs/media_room/press_releases/2005/isortowhitepaper_final11112005.pdf.

36 Inall or part of the following states: Arkansas, lowa, Kansas, Louisiana, Minnesota, Missouri,
Montana, Nebraska, New Mexico, North Dakota, Oklahoma, South Dakota, Texas, and
Wyoming.

37 Inall or part of the following states: Delaware, Illinois, Indiana, Kentucky, Maryland,
Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West
Virginia, and the District of Columbia.

38 Inportions of 15 states in the Midwest and the South, extending from Michigan and Indiana to
Montana, and from the Canadian border to the southern extremes of Louisiana and
Mississippi.

39 FERC, “Electric Power Markets: National Overview,” http://www.ferc.gov/market-oversight/
mkt-electric/overview.asp.

40 CAISO, Energy Imbalance Market Draft Final Proposal (Folsom, CA: CAISO, 2013), https:/www.
caiso.com/Documents/EnergylmbalanceMarket-DraftFinalProposal092313.pdf; see also,
California ISO, 147 FERC 1 61,231 (2014), order on reh’g, clarification, and compliance, 149 FERC
61,058 (2014), Order Accepting Compliance Filing (June 18, 2015).



unable to reduce output and demand is low. Hydroelectric, nuclear, and wind
generators are typically the generators that will produce negative prices
because they either cannot or prefer not to reduce output, or that price re-
mains above their marginal cost of operation. Sellers pay buyers to take the
output.

In some restructured jurisdictions, customers are allowed retail access
to the wholesale market and can also choose a competitive supplier. In New
England, large industrial customers can choose a supply rate indexed to the
wholesale market and be charged a real-time rate for electricity. Further,
ComEd and Ameren in Illinois have operated RTP programs for residential
electricity supply since 2007, at which time the first pilot programs were
implemented. Currently, both utilities offer hourly pricing programs to resi-
dential customers that prefer to pay the hourly, market price for electricity.**

ISOs/RTOs have limited visibility into the operation of certain DERs.
DERs may be aggregated by various parties to participate as generation or
demand response resources in the energy, capacity, or ancillary services
markets of certain ISOs/RTOs.** Participation in such markets typically re-
quires some degree of metering to measure and verify participation. ISO/RTOs
also may be aware of certain DERs through registries that track production of
energy from certain power sources, including distributed retail sources, to
create renewable energy credits (RECs). For example, PJM is aware of the
deployment of solar, including behind-the-meter retail solar, in its footprint
through the Generator Attributes Tracking System for RECs.*

A regulator may want to consider how the location and operation of both

dispatchable and non-dispatchable DER may be made known to the regional

41 ComEd, “Hourly Pricing Program Guide: 2015-2016,” https://hourlypricing.comed.com/
wp-content/uploads/2016/04/2015-2016-HourlyPricing-Guide-v1.pdf.

42 PJM, ISO-NE, ERCOT, NYISO, and CAISO allow DER to participate in certain parts of their
regional wholesale markets. NYISO and ISO-NE allow individual customers that can meet the
minimum participation thresholds to become market participants and represent themselves
in ISO-administered demand response programs.

43 ISO/RTO Council, “IRC Comments on NARUC Distributed Energy Resource Compensation
Manual,” (September 2, 2016).
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grid operators to increase the reliability and efficiency of the regional dispatch,
and to consider whether and how the regional grid operator may be able to call
on dispatchable DER, if such resources could alleviate reliability issues on the
wholesale grid. A regulator in jurisdictions in ISO/RTO regions may want to
consider how they may leverage the wholesale markets as they develop their
DER policies.* This discussion includes the ability of retail customers’ demand
or DER to be aggregated and bid into wholesale markets by a third party. Some
RTOs, such as CAISO, have products in place specifically for aggregations of
retail DER to be bid into the wholesale market.*

44 Id.,3-4.

45 California Independent System Operator Corporation, 155 FERC 11 61,229 (2016).



lll. What Is DER?

There is no single definition for a distributed energy resource (DER).
Some technologies and services easily fit into any definition, such as residen-
tial rooftop wind or solar, but others have yet to be definitively placed inside or
outside of this definition. DERs are being adopted at ever-increasing rates due
to favorable policies from both the state and federal governments, improve-
ments in technology, and reduction in costs, as well as becoming more widely
accepted with identifiable customer benefits, both at the individual level and,
possibly, for the grid. However, once DER adoption passes certain levels, DERs
can begin to cause significant issues for traditional rate making, utility models,
and the delivery of electricity. In defining DER, it is important for regulators to
identify potential economic and grid issues and benefits from DER. Then, after
empirically establishing at what adoption level DER will affect the grid, regula-
tors should explore and implement rates and compensation methodologies that
will lead to greater benefits for the public, customers, developers, and utilities
alike. Importantly, having a plan in advance of that determination will facili-
tate the ability of a jurisdiction to be proactive in planning for and responding
to increased levels of DER in concert with the increase.

Addressing these issues will require looking at utility regulation from a
new perspective. Indeed, a few states have initiated “utility of the future”
proceedings, or similar reevaluations of their regulations partially in response
to the changes a DER represents. These processes are at the vanguard of an
anticipated shift from centralized control and evaluation at a system-wide level
to a more technology-dependent and data-driven focus on more localized

effects and situations represents a steep learning curve for everyone involved.

A. Defining DER

Absent direction from the legislature, a regulator may need to define
DER, or at least provide guidance to utilities, customers, and other stakehold-
ers regarding the jurisdiction’s viewpoint on what constitutes DER.

For the majority of its history, the electric utility system has been com-



posed of large, centralized generation, not necessarily sited near customers,
and connected to load through the bulk, high voltage transmission grid. That
electricity then flows down to the lower voltage distribution grid, and eventu-
ally to the customer. This set-up was due to economies of scale; generally it was
cheaper for large generation plants to produce electricity and for that electric-
ity to travel long distances before reaching the utilities distribution system,
and, ultimately, the customer. Traditionally, regulators and utilities looking to
add a resource through a regulatory planning process to serve anticipated load
would construct a large generation plant to serve that increase in demand, or at
the very least build a transmission project to relieve congestion on the bulk
transmission system and facilitate delivery of electricity to load. Simply put,
the term “resource” has traditionally referred to a resource for electricity
generation.

When compared with the traditional, central-generation model, it could
be said that a distributed model is turning the traditional model upside down
by trending away from large, centralized generation connected to the inter-
state bulk transmission system, to building and integrating new resources at
and connected to the distribution grid.

The following are some examples of definitions of DER from across the
industry to provide an idea of the variety of descriptions used and their simi-
larities and differences.*

Lawrence Berkeley National Laboratory (LBNL) has published a series of
papers on the Future of Electric Utility Regulation (FEUR), which focuses on
DER.” This definition was taken from the “Key Definitions” section of their
paper “Distribution Systems in a High Distributed Energy Resources Future”:

e “Distributed Energy Resources (DERs) include clean and renewable

46 Although not discussed in detail in the Manual, a jurisdiction will need to decide how “green”
or renewable a DER will need to be to fit in that definition. It may be that renewable distributed
generation resources would provide greater societal benefits than other generation resources,
especially when sited next to residential load, but any inclusion of environmental or emission
criteria should be up to the regulator to decide whether it is defined as a DER.

47 Seefn.75, infra.



distributed generation systems (such as high-efficiency combined heat and
power and solar photovoltaic systems), distributed storage, demand response
and energy efficiency. Plug-in electric vehicles are considered as part of dis-
tributed storage. While not included in the formal definition of DER, this
report also considers the implications of customer back-up generation on grid
operations given that over 15 percent of U.S. households have either a station-
ary or portable back-up generator to enhance their reliability.*

California Public Utilities Code, the New York Public Service
Commission, and the Massachusetts Department of Public Utilities (DPU) have
each provided a definition of DER applicable to the proceedings currently
ongoing in their respective states:

“

e California—“Distributed resources’ means distributed renewable

generation resources, energy efficiency, energy storage, electric vehicles, and
demand response technologies.”*’

o New York—“Distributed Energy Resources (DER) is used in this con-
text to include Energy Efficiency (EE), Demand Response (DR), and Distributed
Generation (DG).”*°

e Massachusetts—“A DER is a device or measure that produces electric-
ity or reduces electricity consumption, and is connected to the electrical sys-
tem, either ‘behind the meter’ in the customer’s premise, or on the utility’s
primary distribution system. A DER can include, but is not limited to, energy
efficiency, distributed generation, demand response, microgrids, energy

51

storage, energy management systems, and electric vehicles.

48 Paul DeMartini and Lorenzo Kristov, Distribution Systems in a High Distributed Energy
Resources Future, Future Electric Utility Regulation, Report No. 2 (Berkeley, CA: Lawrence
Berkeley National Laboratory, October 2015), https:/emp.lbl.gov/sites/all/files/FEUR_2%20
distribution%20systems%2020151023.pdf.

49 Cal. Pub. Util. Code § 769(a) (2015).

50 Proceeding on Motion of the Commission in Regard to Reforming the Energy Vision, “Reforming
the Energy Vision,” New York Department of Public Service Staff Report and Proposal, Case
14-M-0101 at 12, fn. 7 (April 24, 2014).

51 Investigation by the Department of Public Utilities on its own Motion into Modernization of the
Electric Grid, D.P.U. 12-76-C, Business Case Summary Template: Glossary (2014).

43



The Electric Power Research Institute (EPRI), in recognizing these
seismic changes across the electricity landscape, established the Integrated
Grid Initiative, which seeks to realize the optimal integration of distributed
and centralized energy resources and to ensure utilities can serve all custom-
ers at established standards of quality and reliability as the power system
transforms. The Initiative’s Benefit-Cost Framework provides a methodology
for determining the full value of DER. The Initiative’s pilot projects are putting
the framework into action by testing a variety of emerging technologies and
resources under diverse, national scenarios. In support of this project, EPRI
provides the following definition of DER:

e “Distributed Energy Resources (DER) are electricity supply sources
that fulfill the first criterion, and one of the second, third or fourth criteria:

1. Interconnected to the electric grid, in an approved manner, at or below
IEEE medium voltage (69 kV).

2. Generate electricity using any primary fuel source.

3. Store energy and can supply electricity to the grid from that reservoir.

4. Involve load changes undertaken by end-use (retail) customers specifi-
cally in response to price or other inducements or arrangements.*’

The following components make up the basic characteristics in defining
DER: (1) the resource is connected to the distribution grid and not the bulk
transmission system; (2) a relatively small resource, certainly under 10MW but
generally much smaller; and (3) generally not individually scheduled by an
RTO or ISO (nor is it necessary to report a DER individually to an RTO/ISO,
since, if a DER is procured or dispatched at all, it would be on an aggregated
manner by a third party or the utility itself). There may be many other qualities
associated with DERs, such as responsiveness, specific values or services, and
dispatchability, but these are largely related to the technology itself.

For this Manual, the following definition of DER will be used:

52 Electric Power Research Institute, The Integrated Grid: A Benefit-Cost Framework (Palo Alto,
CA: Electric Power Research Institute, Report No. 3002004847, February 2015), xvii. More
information about the Integrated Grid Benefit-Cost Framework and pilot projects is available
at integratedgrid.epri.com.



A DER is aresource sited close to customers that can provide
all or some of their immediate electric and power needs and can
also be used by the system to either reduce demand (such as energy
efficiency) or provide supply to satisfy the energy, capacity, or
ancillary service needs of the distribution grid. The resources, if
providing electricity or thermal energy, are small in scale, con-
nected to the distribution system, and close to load. Examples of
different types of DER include solar photovoltaic (PV), wind,
combined heat and power (CHP), energy storage, demand response
(DR), electric vehicles (EVs), microgrids, and energy efficiency
(EE).*®

This definition reflects the variety of DER, both technologically and in

capabilities and benefits (and costs) to the grid.

B. Types of DER Technologies

These types of DER listed above can provide services and applications
directly to the utility or ISO/RTO, or to support customer needs. Examples of
the types of services envisioned by vendors and suppliers include microgrids,
conservation voltage reduction, volt/VAR support, the potential to provide
ancillary services, frequency ride-through, and locational ramping. These
types of services, while clearly valuable and potentially worthy of compensa-
tion, are included in the definition in this Manual, but may not be sufficiently
used or considered as a DER. This is due to the relative low use across the
industry, lack of sufficient technology installed to assist in measuring, and the
lack of experience in using these technologies, which limits certainty and confi-

dence of response.™

53 Diesel-fired backup generators may also fit in this definition. Whether a jurisdiction allows
diesel-fired backup generation to count as a DER should be determined by the jurisdiction. For
purposes of this Manual, the definition generally does not include diesel-fired backup
generation.

54 At the time of this Manual, key standards to support integration of these resources, such as UL
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1. Solar PV Systems

Solar PV systems use solar cells, formed into solar panels, to convert
sunlight into electricity. Solar PV systems can be located on rooftops of homes
or commercial and industrial buildings or can be ground- mounted. The PV
systems can be used to meet the energy requirements for the home or building
or the energy from the system can be exported to the grid through the distribu-
tion system to be used by a nearby load. Due to technological advances, falling
panel prices, and other policies, including favorable tax treatment, PV systems
have become the fastest-growing type of DER. This category also includes
community solar gardens, which are solar installations that are larger, both by
available generation capability and acreage, and allow customers that are
unable or choose not to have rooftop solar PV to participate in a solar program.
Regulators will need to create rules or tariffs regarding the sizes of community

solar gardens that are allowed to interconnect at an interconnection point.

2. Combined Heat and Power

CHP systems, also referred to as cogeneration, provide both electric
power and heat from a single fuel source. While most power plants in the
United States create steam as a byproduct that is released as waste heat, a CHP
system captures the heat and uses it for many other purposes such as heating,
cooling, domestic hot water, and industrial processes. CHP systems can use a
diverse set of fuels to operate, including natural gas, biomass, coal, and process
wastes. CHP can achieve efficiencies of over 8o percent, compared with 50
percent for conventional technologies.*® Certain types of CHP systems are
capable of islanding or offering black start services, where allowed by rules or
tariffs.

1741 and IEEE 1547, are either recently finalized or are undergoing revision, which has delayed
the introduction of these resources into the grid. Without standards in place, testing and trials
of new technologies is limited, which affects the ability of the utility and the developer to gain
information and knowledge about the technology and its interaction with the utility system.

55 http:/www.energy.gov/articles/top-10-things-you-didn-t-know-about-combined-heat-and-
power; https:/www.epa.gov/chp/what-chp.



3. Wind

Distributed wind energy systems use wind energy to create power and
are commonly installed on residential, agricultural, commercial, industrial,
and—sometimes—community sites. The systems vary in size. A turbine for a
home can be as large as a 10 kilowatt (kW) turbine, whereas a turbine for a
manufacturing facility can be several megawatts. Distributed wind systems can
be connected on the customer’s side of the meter to meet its energy needs or
directly to distribution to support grid operations or offset nearby loads.
Distributed wind systems are often defined by technology application, based
on location relative to end use and power distribution infrastructure, and not

by size.*®

4. Energy Storage

Energy storage can be used as a resource to add stability, control, and
reliability to the electric grid. Historically, storage technologies have not been
widely used because they have not been cost competitive with cheaper sources
of power such as fossil fuels. However, given the recent decline in costs and
technological improvements in storage, storage has become an option that is
able to compete with many other resources.®” With the growing use of intermit-
tent technologies such as wind and solar energy, energy storage technologies
can provide needed power during periods of low generation from intermittent
resources that will assist in keeping the electric grid stable and possibly pre-
vent curtailment of resources in spring and fall months when electricity
consumption is not affected by summer air-conditioning or winter heating

loads.*® There are a variety of storage types, from large storage resources (e.g.,

56 http:/energy.gov/eere/wind/how-distributed-wind-works.

57 Moody’s Investors Service, “Batteries Charge Up for the Electric Grid” (Moody’s Investors
Service, New York September 24, 2015), 5. Other recent reports show that energy storage can
be cost competitive with existing generation resources when all values are added. See, Rocky
Mountain Institute, “The Economics of Battery Energy Storage” (Rocky Mountain Institute,
Boulder, CO, October 2015); Lazard, “Levelized Cost of Service of Storage Analysis - Version
1.0” (Lazard, New York, November 2015).

58 http:/www.epri.com/Our-Work/Pages/Distributed-Electricity-Resources.aspx.



pumped hydro) to thermal storage (e.g., ice energy or electric waters) to chemi-
cal storage (e.g., flow batteries or solid state) and mechanical devices (e.g.,
flywheels).”” These different technologies provide different types of responses

and services.

5. Microgrids

Microgrids are localized grids that can disconnect from the traditional
grid to operate independently. Microgrids can strengthen grid resilience and
help mitigate grid disturbances because of their ability to continue operating
while the main electric grid is down, thereby functioning as a grid resource for
faster system response and recovery.*®

Microgrids help with the integration of growing deployments of renew-
able sources of energy such as solar and wind and other DER such as CHP,
energy storage, and DR. By using local sources of energy to serve local loads,
there is a reduction of energy losses in transmission and distribution, which

further increases the efficiency of the grid.®

6. Demand Response

DR can be used as a resource by utilities and grid operators to balance
supply and demand. The use of DR as a resource can lower the cost of electricity
in wholesale markets by avoiding the dispatch of more costly generation
resources, which then could lead to lower retail rates. There are several options
for customers to participate (including participating in a time-based rate) in DR

products, such as TOU, CPP, variable peak pricing, RTP, or CPR. Another

59 http:/energystorage.org/energy-storage/energy-storage-technologies.

60 For additional information on policy and regulatory perspectives on microgrids, see,
Minnesota Department of Commerce, “Minnesota Microgrids: Barriers, Opportunities, and
Pathways Toward Energy Assurance” (Minnesota Department of Commerce; St. Paul, MN,
September 30, 2013); and California Public Utilities Commission, “Microgrids: A Regulatory
Perspective,” Policy and Planning Division (California Public Utilities Commission, San
Francisco, CA, April 14, 2014).

61 http:/energy.gov/oe/services/technology-development/smart-grid/role-microgrids-help-
ing-advance-nation-s-energy-system.



method is the use of direct load control programs, which allow for the cycling of
customer air conditioners or electric water heaters on and off during periods
of peak demand in exchange for a financial incentive. With the continuation
and increased focus of grid modernization efforts, DR is becoming an increas-
ingly valuable DER.** Although traditionally viewed as a peak reduction
resource, DR can be used to increase consumption when there is excess genera-
tion, or more regularly to avoid dispatching of more costly generation

resources and enhance the efficiency of the grid.

7. Electric Vehicles

EVs can time charging (or dispatch of the battery) to be responsive to
price or DR signals. This flexibility to participate as a DR resource, located
throughout a service territory, provides a utility with the ability to target EV
DR programs where they are most beneficial to the grid. Additionally, EVs have
the ability to put power back onto the grid when connected, which provides the
grid with additional flexibility. This capability allows EVs to act as an energy
resource by supplying grid services as a grid-connected battery, which is then
able to provide mobile backup power during an outage or emergency situation.
To benefit from this capability, the development of vehicle power electronic
systems with bidirectional flow, integrated communications, and improved
battery management systems is required. Because EVs are often stationary for
many hours of the day, the battery from the EV can be used as a storage device

that can provide additional grid services.*

8. Energy Efficiency
EE is capable of providing both energy and demand savings. EE can be
used by a utility to displace generation from other sources, such as coal, nu-

clear power, natural gas, or any other supply-side resource. The decision to

62 http://energy.gov/oe/technology-development/smart-grid/demand-response.

63 http:/energy.gov/sites/prod/files/2015/09/f26/QTR2015-3D-Flexible-and-Distributed-
Energy 0.pdf.
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invest in EE is generally made when the utility is considering whether to invest
in other new generation resources. EE can provide a transmission and distribu-
tion benefit by allowing the utility to reduce or eliminate the need for upgrades
or new equipment on the transmission or distribution system.**

This Manual includes EE as a resource, even though some may not.
However, EE programs do effectively shift or shave load, or both, which cer-
tainly can fit within the view of acting as a resource, especially if the load shift
can be predicted or scheduled.”® Measurement and forecasting play a large part
in EE. Attempting to determine what a load curve would look like absent EE
adds a level of complexity to the issue of determining the resource value of the
EE. A regulator will need to determine whether it is appropriate to include EE

in its consideration of DER.

C. Enabling Technology

1. Advanced Metering Infrastructure

According to the Energy Information Administration, nearly 52 million
advanced meters have been installed across the residential customer class
throughout the United States as of 2014.°° These advanced meters are capable of
measuring consumption in 15-minute to one-hour increments. The meters are
connected to a communications network, which then transmits the consump-
tion information to the utility’s back office for billing. This stands in stark
contrast to the historical mode of metering, which usually occurred once a
month and included either a physical reading of the meter or collecting the
information through a local radio network. Some modes of automated meter

reading were capable of reading daily, in support of specific tariffs, but were

64 http://aceee.org/topics/energy-efficiency-resource.

65 Inthe PJM and New England ISO markets, EE can be bid in and dispatched by the market
operator.

66 http:/www.eia.gov/tools/faqs/faq.cfm?id=108&t=3. This number is likely higher as of the
writing of this Manual.



not implemented widely. In other words, utilities have gone from having 12 data
points about a customer per year to 8,760 data points if measured hourly. It is
also now possible for customers to access that same amount of information;
instead of waiting for the monthly bill, customers can log on to their utility’s
online portal and access the hourly usage information, typically on a 24-hour
lag.®” The uses for this information are still in their infancy and are likely to
evolve over time.

With the installation of AMI, implementing rate designs like TOU, CPP,
and RTP becomes possible at lower costs than in the past. An integral part of an
AMI system is a communications network. That network allows the meter to
communicate with the utility and can send information like consumption, but
also receive messages like prices or demand response signals. This two-way
flow of information means that the utility can provide customers with usage,
price, and cost information over the course of the month rather than only once,
at the end of the month.

AMI also often includes a second radio to support a Home Area Network
(HAN). The HAN is capable of transmitting information, including usage,
voltage, and generation data, to a router or other in-home display in as often as
eight-second increments. This communication is supported by Zigbee (IEEE
2030.5), which is a low-power communication standard. In-home displays or
routers can connect to the customer’s Wi-Fi networks and any other devices
inside the customers home that support Wi-Fi, including Wi-Fi-enabled
thermostats.

With these new data and new communication networks, regulators can
have a better understanding of potential customer responses to rate designs by
having access to more granular data sets and expanded phased rollouts of new
rate designs. Furthermore, with this information, customers can better under-

stand the potential impacts of installing DER or signing up for community DER

67 To enable this functionality, a meter data management system is necessary to provide the data
analytics on the metering data, including turning the raw meter feed into information
understandable to the customer and to support other utility business needs.



programs at their location. By being able to “do the math,” customers can better
understand whether it makes sense to invest in DER. With policies supporting
the development of HAN and data access, it may be possible to identify addi-
tional services from the location itself that may be beneficial to the grid, either
individually at the premise or aggregated across a specific geography.

Lastly, AMI can not only collect consumption information about a prem-
ise, but can also collect generation data related to an on-site DER, such as solar
production and voltage. By being able to collect this information, AMI can be
used as a data source for distribution planning and operation, facilitate com-
pensation of DER for its generation, and assist customer adoption and partici-
pation in many other DER products and services. Such policy development
presumes a large enough amount of DER is present across the distribution
system to affect delivery of electricity. Use of data generated by AMI can assist
regulators to identify potential DER compensation methodologies, and have the
data available to support the viability of the methodology as well as use it for

settlement and compensation.

2. ADMS/DERMS

To support the adoption levels of DER, utilities may seek additional
infrastructure and technological support to assist in maintaining reliability
and enhance resilience across the distribution grid. Two options to support
that goal are Advanced Distribution Management Systems (ADMS) and
Distributed Energy Resource Management Systems (DERMS).

ADMS add levels of communication, intelligence, and visibility into the
distribution grid for the distribution utility to better understand real-time
conditions across its distribution service territory. ADMS provide utilities
with several specific functions, such as automated fault location, isolation, and
service restoration (FLISR); conservation voltage reduction; and volt/VAR

optimization.®® Installing ADMS is not merely about better integrating DER;

68 Department of Energy, “Voices of Experience: Insights into Advanced Distribution
Management Systems” (Department of Energy, Washington, D.C., February 2015),



rather, ADMS will change how a utility operates and where a utility envisions
itself and customers in the future. As customers continue to adopt technology
and DER continues to grow, having the information about the grid that can be
gathered from ADMS investments will help the utility meet customer demands
while maintaining reliability, resilience, and flexibility. Functionally, an ADMS
system integrates several utility systems, such as outage management, geo-
graphical information, AMI, and customer information systems, into one,
enterprise-wide system.

With higher levels of DER adoption, DERMS provide an additional set of
tools in addition to an ADMS network. DERMS can allow the utility to dispatch
resources, both on the utility side and the customer side; forecast supply and
demand conditions up to 24-48 hours in advance; better integrate AMI data
with other utility systems, such as ADMS, outage management, and weather
systems; and communicate with third-party/aggregator systems.”” DERMS can
also be used to support islanding and microgrid features, which may provide
additional value to both the customers and the utility in certain times of need.

Both DERMS and ADMS are suites of technology solutions that can
enable the distribution utility to better understand, plan, operate, and optimize
the increasing amount of DER showing up across a service territory.
Understanding the costs and benefits of these technologies, and how they can
be used to better plan, price, and value the DER across a service territory, can
be very helpful in designing and implementing more advanced compensation
methodologies. Indeed, by being able to make DER a dispatchable resource,
technology can help mitigate and minimize risks to the reliability of the distri-
bution grid. Utilizing technology to turn DER into a resource that can be
counted on and dispatched may open up new value streams to the utility and

the consumer.

https://www.smartgrid.gov/files/ADMS-Guide_2-11.2015.pdf.
69 Jeff St.John, “Inside SDG&E’s Plan to Optimize the Distributed Grid of the Future,” Greentech

Media (May 16, 2014), http://www.greentechmedia.com/articles/read/sdge-and-spirae-break-
new-ground-on-the-grid-edge.
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3. Smart Inverters

As with the availability of technology on the utility side, there are tech-
nology options also available to customers. One specific technology is a smart
inverter. For solar PV installations, an inverter is necessary to switch electric-
ity from direct current to alternating current (AC). The grid, including the local
distribution grid, uses AC power, so before electricity generated by a solar PV
installation can be exported onto the grid, it must be changed into AC. More
recently, this inverter can now be outfitted with additional software that can
accomplish additional services. For example, a smart inverter is capable of
actively regulating the voltage of the solar PV’s output.” As clouds pass over a
solar PV unit, the voltage can drop on the electricity that is exported onto the
grid, causing drops in voltage at that location; to raise the voltage levels up, the
transformer capacitor will step in and provide voltage support. Having a smart
inverter address voltage drops before exporting the energy to the distribution
grid is a value and service that can be provided by the customer, which can
defer or avoid additional distribution upgrades.

The image below shows the voltage fluctuations caused on a feeder in San
Diego Gas & Electric’s distribution grid from solar PV that violates existing
operational standards for the distribution grid.”* This information shows how
voltage fluctuations can be masked by not having sufficient granularity and
visibility into the grid, and also the importance of maintaining voltage levels as
electricity from solar PV is exported onto the distribution grid.

In many cases, the Smart Inverter is now included in new solar PV

installations.”” Indeed, the recommendation of the Smart Inverter Working

70 California Public Utilities Commission, “Recommendations for Updating the Technical
Requirements for Inverters in Distributed Energy Resources: Smart Inverter Working Group
Recommendations,” Smart Inverter Working Group (California Public Utilities Commission,
San Francisco, CA, January 14, 2014), http:/www.energy.ca.gov/electricity analysis/rule21/
documents/recommendations_and_test_plan_documents/Recommendations_for_updating_
Technical Requirements_for_Inverters_in_DER_2014-02-07-CPUC.pdf.

71 Herman Trabish, “The Nuclear Failure in California Could Be a Big Test for Solar,” Greentech
Media (March 30, 2012), http://www.greentechmedia.com/articles/read/The-Nuclear-Failure-
in-California-Could-Be-a-Big-Test-for-Solar.

72 San Diego Gas & Electric was an early proponent of the use of smart inverters to manage
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Group, subsequently adopted by the California Public Utilities Commission, is
to require Smart Inverters for all new solar PV installations seeking to inter-
connect with the distribution grid upon completion of the safety standard

starting one year from the publication of Underwriters Laboratory (UL) 1741.”

voltage fluctuations from solar PV. In August 2013, it issued a proposal that outlined necessary
changes to existing utility standards to enable the functionality embedded in Smart Inverters
to meet this technical need. See San Diego Gas & Electric, “Inverter Technical Standards
Proposal” (San Diego Gas & Electric, San Diego, CA, August 2013), https://www.sdge.com/sites/
default/files/documents/2060692059/Inverter%20Technical%20Standards%20White%20
Paper%20August%207%202013.pdf?nid=7771.

73 There are two specific standards necessary to support the full implementation of Smart
Inverters: IEEE 1547 and UL 1741. IEEE 1547 identifies the available functions for a Smart
Inverter. The current version of IEEE 1547 does not allow for many of the identified functions
of'a Smart Inverter, and is currently undergoing revisions. An interim version of the standard
(IEEE 1547(a)) that meets California requirements is available. UL 1741 ensures that the Smart
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Utilizing the capabilities of the Smart Inverter to allow for the generation or
storage resource to autonomously manage and balance the flow of electricity,
and other ancillary services, like voltage ride-through, can be enabled and
valued through appropriate compensation methodologies, especially in areas
of high solar PV adoption. Regulators should continue to monitor progress on
adoption rates of Smart Inverters and the standards development process for

this technology and capability.

D. Increasing Importance of DER and the
Issues It Presents

Rapid proliferation of DER in a few jurisdictions has led to a national
discussion and highlighted the issues that increased adoption of the technolo-
gies represents for regulators, utilities, and customers alike. The proliferation
of DER has been driven by favorable legislative and regulatory policies, histori-
cal rate design, changes in technology (e.g., price and functionality improve-
ments in renewable generation and storage), and the proliferation of communi-
cation functionality throughout utility distribution systems. The technological
development, as described above, is a reflection of how much the adoption of
DER has grown in the recent past as well as the anticipated increases in the level
of adoption in the near future. The rapid adoption of DER also signals a shift
away from the centralized utility model briefly outlined at the beginning of this
section.

The increasing importance of DER has led to the development of this

Manual and a number of other articles and reports addressing DER and its

Inverter is operating safely, both independently and in conjunction with utility distribution
systems. UL 1741SA, published in September 2016, provides the testing and certification
specifications for certain advanced inverter functions: anti-islanding, low-/high-voltage
ride-through, low-/high-frequency ride-through, must trip test, normal ramp rate, soft-start
ramp rate, fixed power factor, and volt/VAR mode. Lastly, the California Smart Inverter
Working Group also identified IEEE 2030.5 (also known as Zigbee) as the communication
standard between utility systems and the Smart Inverter. See, California Public Utilities
Commission, “Recommendations for Utility Communications with Distributed Energy
Resources Systems with Smart Inverters: Smart Inverter Working Group Phase 2
Recommendations,” Smart Inverter Working Group (California Public Utilities Commission,
San Francisco, CA, February 28, 2015), http:/www.energy.ca.gov/electricity_analysis/rule21/
documents/SIWG Phase_2 Communications_ Recommendations_for_ CPUC.pdf.



impacts on utilities, regulators, and rate design.”* For example, LBNL's FEUR
series of papers is designed to assist in this dialogue.”” These papers employ a
point-counterpoint format to explore the evolution of electric utility regula-
tion in a future with potential high levels of DER and other changes in technolo-
gies, customer desires, loads, and federal and state policies. Other stakeholders
have also identified options in response to the additional considerations that
DER places on utilities and traditional regulatory models.”

Although many types of DER have yet to reach significant levels of
adoption in many states, some jurisdictions have seen higher levels of adop-
tion, and it seems that favorable policies, rate designs, and compensation have
been driving these rates. The fourth report from FEUR begins, “By almost any
reasonable standard, however, high penetration of distributed generation is
now evident in Hawaii and moving quickly in this direction in locations in
California, Arizona, Texas and New Jersey. The Hawaii Public Utilities
Commission reports that solar photovoltaic capacity in Maui will soon equal
more than half of the system peak demand.””””® The issues presented by DER in
the current regulatory landscape primarily involve the potential costs that
DER impose on the grid, and the recovery of the cost of the grid from DER
customers; properly incorporating and compensating the benefits DER pro-

vide; dealing with other physical challenges that the technologies present to the

74  Seefn. 48, supra.

75 More information on the project, and access to all reports, can be found at: https:/emp.lbl.gov/
future-electric-utility-regulation-series. This project is funded by DOE to help better inform
stakeholders and policymakers on the future of electric regulation in response to the changes
currently ongoing across the industry.

76 A number of reports and white papers have been issued on this topic. The following are just a
small sampling: Solar City Grid Engineering, “A Pathway to the Distributed Grid” (Solar City
Grid Engineering, San Mateo, CA, February 2016); Edison Electric Institute, “Disruptive
Challenges” (Edison Electric Institute, Washington, D.C., January 2013); Ceres, “Pathway to a
21st Century Electric Utility” (Ceres, Boston, MA, November 2015); Rocky Mountain Institute,
“Rate Design for the Distribution Edge” (Rocky Mountain Institute, Boulder, CO, August 2014).

77 Ryan Hledik and Jim Lazar, Distribution System Pricing with Distributed Energy Resources,
Future Electric Utility Regulation, Report No. 4 (Berkeley, CA: Lawrence Berkeley National
Lab, May 2016), 3, https://emp.lbl.gov/sites/all/files/feur-4-20160518.pdf.

78 Instituting a Proceeding to Investigate Distributed Energy Resource Policies, Decision and
Order No. 33258, Hawaii PUC, Docket No. 2014-192 (October 12, 2015).



physical grid; and ownership issues.

Of course, as with any regulatory issue, each jurisdiction and each utility
territory is unique, with its own set of circumstances, which may render the
ideal regulatory treatment from one jurisdiction unworkable or not advisable
in another.

Take, for example, one key variable in considering DER ratemaking: the
level of adoption of the resources.” The threshold level of adoption for signifi-
cant impacts may not vary only from state to state and utility to utility, but also
from feeder to feeder or circuit to circuit inside one service territory. More
discussion on this can be found in Section VI.

Thus, in any evaluation, the utility’s specific characteristics and the most
likely reaction to any rate design changes must be clearly and thoroughly deter-
mined before questions and challenges arising from DER are addressed
through ratemaking changes. The required level of transparency and detail for
the operations and physical characteristics of a utility’s distribution system

may be significantly more than may have been employed in the past.

79 Sometimes called the level of “penetration.”



IV. DER Considerations, Questions,
and Challenges

Often, discussions on DER are made more difficult due to the regulatory
framework and utility incentives that have been in place for decades—or in
some instances a century—being challenged by these new technologies.
Traditional means of regulation, rate design, and planning largely assume the
utility will meet all demand with large, central-station generation facilities.
With the increase in DER and the recent lack of load growth, the current regula-
tory and utility models are a constraint to effectively address the growth of DER
and its impacts on utility and regulatory frameworks. Identifying and under-
standing these challenges will assist the regulator in determining an appropri-

ate rate design to implement for its utilities.

A. Ongoing Monitoring and Adoptions Rates

The level and pace of adoption of DERs in a system is important in the
determination of what, if any, policy reforms are needed. The actual adoption
levels of DER vary greatly across the country and even within the same juris-
diction. Since all electric systems are affected by DER increases differently,
before a jurisdiction embarks on the journey to implement substantive re-
forms due to the growth of DER adoption, it should look closely at data, analy-
ses, and studies from its particular service area before any such actions are
taken. The impacts that are occurring in one jurisdiction due to higher DER
adoptions may not necessarily be the same for another that is experiencing
similar DER adoption levels.

In a report for LBNL's “Future Electric Utility Regulation” series, Paul
DeMartini and Lorenzo Kristov outline a path for regulators and utilities to
plan for future utility and regulatory roles.*® In this paper, they include an

adoption curve that points out the importance of monitoring adoption rates of

80 DeMartini and Kristov, Distribution Systems.
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DER across a jurisdiction. Conceptually, the curve identifies three stages of
activity: grid modernization, DER integration, and distributed markets. Each
stage is identified with two characteristics: adoption of DER and installation of
technology to support DER development. The majority of jurisdictions are still
located in stage 1, where there is a low amount of DER adoption and utility
investments in grid modernization are still underway. According to DeMartini
and Kristov, the move into stage 2 occurs when DER adoption “reaches beyond
about 5 percent of distribution grid peak loading system-wide.”*" Stage 3 occurs
when a high amount of DER adopti