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EXECUTIVE SUMMARY

Jurisdictions across the country are grappling with the challenges and opportunities associated with
increasing adoption of distributed solar resources. While distributed solar can provide many benefits—
such as increased customer choice, decreased emissions, and decreased utility system costs—in some
circumstances it may result in increased bills for non-solar customers. In setting distributed solar
policies, utility regulators and state policymakers should seek to strike a balance between ensuring that
cost-effective clean energy resources continue to be developed, and avoiding unreasonable rate and bill
impacts for non-solar customers.

To address this challenge, many jurisdictions are considering modifying distributed solar policies or
implementing fundamental changes to rate design, such as increased fixed charges, residential demand
charges, minimum bills, and time-varying rates. While it is prudent to periodically review and modify
rate designs and other policies to ensure that they continue to serve the public interest, decision-makers
frequently lack the full suite of information needed to evaluate

distributed solar policies in a comprehensive manner. As this report

demonstrates, it is critical to have accurate inputs, especially for

Regulators must strike a
balance between ensuring
decrease rates for non-solar customers. that cost-effective
resources continue to be
developed, and avoiding
distributed solar policy options comprehensively and concretely. This unreasonable impacts on

“avoided costs” in order to identify whether a policy will increase or

This report provides a framework for helping decision-makers analyze

framework is grounded in addressing the three key questions that non-solar customers.
regulators should ask regarding any potential distributed solar policy:

1. How will the policy affect the development of distributed
solar?

2. How cost-effective are distributed solar resources?

3. To what extent does the policy mitigate or exacerbate any cost-shifting to non-solar
customers?

Answering these questions will enable decision-makers to determine which policy options best balance
the protection of customers with the promotion of cost-effective distributed solar resources. This report
describes the analyses that can be used to answer these questions.

Analysis 1: Development of Distributed Solar

Customer payback periods provide a useful metric to indicate the extent to which different solar policies
will affect the growth, or lack of growth, of distributed solar resources. Policies that lead to very short
customer payback periods will likely produce rapid growth in these resources, while policies that lead to
very long customer payback periods will likely result in little growth. Market penetration curves can be
used to estimate eventual customer adoption levels from customer payback periods. Changing a
customer’s payback period will impact how economically attractive distributed solar is, and thereby
affect how many customers ultimately adopt the technology.

! Synapse Energy Economics, Inc. Show Me the Numbers 1



Analysis 2: Cost-Effectiveness of Distributed Solar

Distributed solar can offer the electric utility system and society a host of benefits, ranging from avoided
energy and capacity costs to reduced impacts on the environment and greater customer choice. At the
same time, distributed solar may impose administration and integration costs on the utility system.
Many recent studies have assessed whether the benefits of distributed solar outweigh the costs. These
studies are most informative when they use clearly defined, consistent methodologies for assessing
costs and benefits.

The most relevant cost-effectiveness tests for evaluating distributed solar are the Utility Cost Test, the
Total Resource Cost Test, and the Societal Cost Test, which are based on the cost-effectiveness analyses
long applied to energy efficiency resources.

e The Utility Cost Test indicates the extent to which distributed solar will reduce total
electricity costs to all customers by affecting utility revenue requirements.

e The Societal Cost Test takes a broader look and indicates the extent to which distributed
solar will help meet a state’s energy policy goals such as environmental protection and
job creation, as well as reducing customer electricity costs.

e The Total Resource Cost Test, in theory, indicates the extent to which distributed solar
will reduce utility system costs net of the host customer’s costs. This test should be used
with caution, as it has some structural constraints that limit its usefulness.

Analysis 3: Cost-Shifting from Distributed Solar

Cost-shifting from distributed solar customers to non-solar customers occurs in the form of rate
impacts. Distributed solar can cause rates to increase or decrease due to changes in electricity sales
levels, costs, or both. A comprehensive rate impact analysis is the best way to analyze the potential for
cost-shifting from distributed solar.

When evaluating cost-shifting, it is important to analyze both long-

term and short-term rate impacts to understand the full picture. Because distributed solar
resources can create both
upward and downward
pressure on rates, the
resulting in short-term rate increases followed by long-term rate combined effect could

Often, the benefits of distributed solar are not realized for several
years, while a decrease in electricity sales occurs immediately,

decreases. Thus a short-term rate impact analysis will not fully result in in either a net
increase or decrease in

capture the impacts of distributed solar.
average long-term rates.

In their most simplified form, electricity rates are set by dividing the
utility class’s revenue requirement by its electricity sales. Thus rate
impacts are primarily caused by two factors:

1. Changes in costs: Holding all else constant, if a utility’s revenue requirement decreases,
then rates will decrease. Conversely, if a utility’s revenue requirement increases, rates
will increase. Distributed solar can avoid many utility costs, which can reduce utility

- Synapse Energy Economics, Inc. Show Me the Numbers 2



revenue requirements. Distributed solar can also impose costs on the utility system
(such as interconnection costs and distribution system upgrades).

2. Changes in electricity sales: If a utility must recover its revenues over fewer sales, rates
will increase. This is commonly referred to as recovering “lost revenues,” and is an
artifact of the decrease in sales, not any change in costs. Lost revenues should be
accounted for in the rate impact analysis, but not in the cost-effectiveness analysis.

Whether distributed solar increases or decreases rates will depend on the magnitude and direction of
each of these factors.! In very general terms, if the credits provided to solar customers exceed the
average long-term avoided costs, then average long-term rates will increase, and vice versa.

Summary of Analytical Framework for Assessing Distributed Solar Policies

The results of the three analyses described above can be pulled together into a single framework to
evaluate different distributed solar resource policies in an open, data-driven regulatory process. The
framework proposed here includes several steps that policymakers, regulators, or other stakeholders
can take to assess the implications of different distributed solar policies. These steps are summarized in
Table ES.1.

Table ES.1 Steps Required to Assess Distributed Solar Policies

Step 1 | Articulate state policy goals regarding distributed solar resources.

Step 2 | Articulate all the existing regulatory policies related to distributed solar resources.

Step 3 | Identify all of the new distributed solar policies that warrant evaluation.

Step 4 | Estimate the customer adoption rates under current solar policies, and new solar policies.

Step 5 | Estimate the cost-effectiveness of distributed solar under current policies and new policies.

Step 6 | Estimate the extent of cost-shifting under current solar policies, and new solar policies.

Step 7 | Use the information provided in the previous steps to assess the various policy options.

To facilitate understanding and decision-making, it is useful to summarize the results of the three
analyses in a single table. Table ES.2 provides an example of how the results could be summarized for
reporting and decision-making purposes.

The primary recommendation from this report is that regulators should require utility-specific analyses
of: (1) distributed solar development, (2) cost-effectiveness, and (3) cost-shifting impacts of relevant
distributed solar policies. This will allow for a concrete, comprehensive, balanced, and robust discussion
of the implications of the distributed solar policies.

1 Whether rates actually increase or decrease is also dependent upon a host of other factors not related to distributed solar.

n Synapse Energy Economics, Inc. Show Me the Numbers 3



Table ES.2 Summary of Hypothetical Results

I. Distributed Solar
Development

Customer 5-Year
Payback Penetration
Years %

2. Cost Effectiveness

Utility Net
Benefits

Total
Resource
Net
Benefits

$ Million

Societal
Net
Benefits

$ Million

3. Rate and Bill

Impacts
. Long-
'T:qg'chlt” Term Avg.
P Bill Impact
$/mo %

Policy |
Policy 2

Policy 3

$ Million |

Using the results of the analyses presented above, policymakers, regulators, or other stakeholders can

review the projected impacts of various policy options to determine what course of action is in the

public interest. Appropriate consideration of all relevant impacts will help decision-makers to avoid

implementing policies that have unintended consequences or that fail to achieve policy goals. The

results of such analyses can also help to determine the point at which certain distributed solar policies

should be reevaluated and modified over time.

Given that each jurisdiction has its own policy goals and unique context, the ultimate policy decision

reached may be different in each jurisdiction, even when based on the same analytical results.

Nonetheless, the framework articulated above will provide decision-makers with the ability to balance

protection of customers with overarching policy objectives in a transparent, data-driven process.

- Synapse Energy Economics, Inc.
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1. INTRODUCTION AND BACKGROUND

Distributed solar? can pose a challenge for policymakers, regulators, and consumer advocates as it can
reduce system costs over the long-run, but in some cases may also result in increased bills for non-solar
customers. This report is intended to provide a guide for decision-makers and other stakeholders who
seek to strike a balance between ensuring that cost-effective resources continue to be developed, while
avoiding unreasonable rate and bill impacts on non-solar customers.

Nearly every state in the nation has adopted net metering as a compensation mechanism for distributed
solar customers. However, jurisdictions across the country are beginning to reevaluate their distributed
solar policies. For example, in the first quarter of 2016, 22 states considered or enacted changes to net
metering policies (NCCETC 2016). While simple to administer (and simple to understand), concerns have
been raised that net metering may lead to unacceptable rate impacts on non-solar customers.

It is prudent to periodically review and modify distributed solar policies to

ensure that they continue to serve the public interest. To date, however, Regulators should strike a
many jurisdictions have developed or modified their policies in a balance between ensuring
that cost-effective
resources continue to be
developed, while avoiding
other customers. Without appropriate data-driven consideration of all unreasonable impacts on

piecemeal fashion, rather than based on a quantitative analysis of the
various impacts that distributed solar can have on the utility system and

relevant impacts based, decision-makers risk implementing policies that non-solar customers.
have unintended consequences or that fail to achieve policy goals.

This report provides a framework for helping decision-makers analyze distributed solar policy options
more comprehensively by evaluating three critical indicators:

o The likely customer adoption of distributed solar
e The cost-effectiveness of distributed solar
e The magnitude of cost-shifting to non-solar customers

Once the results of these analyses are available, decision-makers can evaluate their policy options to
determine what course of action will be in the best interest of customers as a whole by balancing the

protection of customers with development of distributed solar resources.?

Appendix A provides sample discovery questions designed to assist stakeholders obtain the key pieces of
information required for conducting the analyses recommended in this report. It is critical to have
accurate inputs, especially for avoided costs, to accurately estimate the impacts of distributed solar
policies. The answers to these questions will differ across jurisdictions, and thus the framework should
be applied using the best available information that is relevant to each jurisdiction.

2 We use the term “distributed solar” to refer to small solar photovoltaic (PV) systems that are located on the distribution
system. These systems generally take the form of rooftop PV operating behind the meter, but may also include installations
not sited at the point of use, such as community solar.

3 Regulators are tasked with implementing laws that have been adopted by the state legislature or executive branch. In some
cases utility regulators have a wide range of policy options; in other cases the options are dictated by the state government.

! Synapse Energy Economics, Inc. Show Me the Numbers 5



2. DISTRIBUTED SOLAR PoLicYy OPTIONS

A comprehensive analysis of distributed solar policy options should begin with an explicit articulation of
the jurisdiction’s energy policy goals. Such policy goals may include (a) reducing electricity costs, (b)
promoting customer control or choice, (c) reducing environmental impacts, and (d) promoting local jobs
and economic development. In addition, jurisdictions generally attempt to balance these goals with the
goal of avoiding or mitigating unreasonable cost-shifting to non-solar customers. These policy goals
should inform the selection of policy options related to distributed solar and the evaluation of their
impacts.

Policies that impact distributed solar include, but are not limited to: compensation mechanisms; rate
designs that directly affect the credits that solar customers receive; program enrollment level caps;
interconnection standards that govern the processes for connecting to the grid; and other policies
designed to reform long-term grid planning efforts such that higher penetrations of distributed solar can
be more easily accommodated and optimized on the grid. Regulators and policymakers can adjust these
policies to encourage balanced growth of distributed solar and to mitigate rate impacts. The table below
provides examples of the various types of policy options and supporting activities.*

Table 1. Distributed Solar Policy Categories

Policy Examples

Net metering, feed-in-tariff, value-of-solar tariff, renewable

Compensation energy certificates, rooftop lease payments, performance
Mechanisms . gY ! P pay 'P
incentives
. Fixed charges, demand charges, time-of-use rates, bypassable
Rate Design g & P

versus non-bypassable bill components

Up-Front Incentives and  Investment tax credits, sales tax exemptions, rebates, loans,

Financing grants
Interconnection and Expedited review, mandated time limits, zoning exemptions,
Permitting interconnection and permitting fees
Integration and Hosting capacity analyses, integrated resource planning,
Planning distribution system planning

. Customer up-front purchase, third-party ownership, utilit
Ownership . P P party P y

ownership and lease to customer, loans

Education, Training, Information, tools, workshops, online assistance, community
And Outreach outreach

4 Many residential and small commercial customers choose to lease their system or enter into a power purchase agreement
(PPA) with third-party solar developers. Therefore it may be important to understand how various policies affect these
developers, rather than only the host customers, when considering policy options.

! Synapse Energy Economics, Inc. Show Me the Numbers 6



In this report, we focus primarily on compensation mechanisms and rate

design for residential and small commercial solar customers.> Often In this report, we focus
compensation mechanisms and rate design work in tandem, such as primarily on
compensation

under net metering policies where a change in rate design can affect the i
mechanisms and rate

design for residential
particularly important policies for decision-makers to consider, as they and small commercial

net metering credit. Compensation mechanisms and rate design are

can impact the rate of adoption of distributed solar, the magnitude of any solar customers.
rate impacts on non-solar customers, and the extent to which utilities are
able to recover their allowed revenues.

2.1. Rate Design and Distributed Solar

The Purpose of Rate Design

When considering rate design modifications, it is important to keep in mind the core objectives of
electricity rates. In 1961, Professor James Bonbright set forth eight rate design principles, and distilled
these principles into the following three objectives:

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 relationships between costs incurred
and benefits received (Bonbright 1961, 292).

The first objective seeks to ensure that utilities are able to recover sufficient revenues; the second
objective is focused on fairness of rates; and the third objective addresses efficient resource usage.

These three objectives are still as relevant today as they were in 1961, with one modification. Customers
are no longer only consumers; rather, they are increasingly also producers of a range of services, such as
energy generation, demand reduction, and even ancillary services. For this reason, the third objective
need not be limited to encouraging customers to consume electricity efficiently, but also to produce
electricity (and related services) efficiently. With this modification, Bonbright’s third objective also

> For simplicity, we assume that rate design and compensation mechanisms will affect the payback period for both third-party
developers and host customers who purchase their systems outright in a similar manner.

- Synapse Energy Economics, Inc. Show Me the Numbers 7



includes the primary objective of resource planning, namely the cost-effective procurement of

resources, including distributed solar.®

Rate Design as a Balancing Act

Regulators strive to protect the long-run interest of customers by overseeing the provision of reliable,

low-cost energy, while also ensuring that rates are fair, just, and reasonable. At its essence, ratemaking

requires a balancing of multiple interests, as the principles and objectives enumerated by Bonbright are

often in tension with one another.

The tension among ratemaking objectives
stems not only from the need to balance the
interests of different parties (utilities,
customer classes, and individual customers),
but also the need to recover historical
(embedded) costs while sending price signals
that drive efficient future investments by
affecting customer behavior.

In order to meet both of these objectives, rate
design should be informed by two different
types of analyses: embedded cost of service
studies and forward-looking resource plans.

Cost-of-service studies help to establish
relationships between utility costs and
customer consumption, and allocate historical
costs equitably by dividing the revenue

requirement among customer classes based on

Figure 1. Relationship Among Historical Costs, Future Costs, and
Rate Design

Customer
Behavior
Drives
Future Costs

Rates
Recover
Embedded
Costs

Rate Design
impacts
Customer
Behavior

each class’s contribution to past investments and operating expenses.

Once the revenue requirement for each class has been set, the focus shifts to minimizing future costs,

rather than simply recovering historical costs. Rates are designed to recover a set amount of revenues,

but also to provide customers with appropriate price signals to help customers make efficient

consumption and investment decisions (including investments in distributed solar) that will help

minimize long-term system costs.

The connection between the two primary analyses and rate design can be summarized as follows:

e Cost-of-Service Studies: The primary purpose of embedded cost-of-service studies is to
identify how to allocate the revenue requirement across the rate classes. The revenue
requirement is largely the product of historical investments made by the utility to serve

® This discussion assumes continuation of the current electric utility structure. However, the electric utility model is beginning
to evolve to accommodate a more distributed, customer-centric future, and to better address policy goals such as reducing
greenhouse gas emissions. As such, the primary objectives of rate design may need to evolve as well.

- Synapse Energy Economics, Inc.
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various customer classes. While cost-of-service study results can be used to inform rate
design, the cost-of-service study should not be used to dictate rate design, as it does not
account for future costs.

e Resource Planning: The purpose of resource planning is to identify those future
resources and investments that are cost-effective and in the public interest. Cost-
effective resources may include distributed energy resources as an alternative to supply-
side resources or investments in traditional utility infrastructure. This exercise provides
an indication of how much distributed solar should be implemented or encouraged by
the utility to cost-effectively meet future resource needs and minimize long-term
system costs.

Rate design plays an important role in the procurement of distributed solar. Unlike traditional supply-
side resources, distributed resources are rarely procured directly by a utility. Instead, distributed
resources are generally installed by individual households and business owners. Since rate design can
significantly impact the economics of distributed solar systems installed by such utility customers, it
serves as a primary tool for stimulating or stifling the installation of additional distributed solar on the
utility system.

Figure 2 summarizes the connections among cost of service studies, rate design, and resource planning,
as well as the different types of costs considered in each analysis.

Figure 2. The Role of Cost of Service Studies, Rate Design, and Resource Planning

Cost of Service Studies Rate Design Resource Planning
*Goal: Cost allocation *Goal: Revenue recovery, *Goal: Low-cost, reliable,
. . equity, efficient price signals safe, electric service
eCosts: Based on historical quity P g
(embedded) costs eCosts: Addresses both eCosts: Based on future costs
. historical and future costs .
eConnection: Used as one eConnection: Influenced by
input to rate design, but eConnection: Price signals customer distributed solar
does not dictate rate design. influence distributed solar and energy usage decisions.
and energy usage decisions Also may influence future

customer investment

# - decisions.

Rate Design Options

The underlying rate design has a direct impact on the financial viability of distributed solar, as it
determines the degree to which customers can reduce their electricity bills by investing in distributed
solar. For example, increasing the fixed charge reduces the variable rate, effectively also lowering the
net metering compensation rate, and can thereby substantially reduce incentives for customers to
install distributed generation (Whited, Woolf, and Daniel 2016).

Fixed charges are not the only form of rate design that can impact the adoption of distributed solar.
Other rate designs include:

e Demand charges: A demand charge is typically based on a customer’s highest demand
during any one period (e.g., hour or 15-minute period) of the month. A demand charge

! Synapse Energy Economics, Inc. Show Me the Numbers 9



often reduces the economic attractiveness of solar, since solar generation generally
reduces demand much less than it reduces energy consumption.”

e  Minimum bills: A minimum bill is similar in appearance to a fixed charge, but only
applies if the customer’s bill would otherwise be lower than the minimum threshold.
While a minimum bill ensures that all customers contribute a certain amount to the
system each month, it does not distort the variable rate.

o Time-of-use rates: Time-of-use rates are a simple form of time-varying rate that has
been used for decades. A time-of-use rate assigns each hour of the day to either a peak,
off-peak, or shoulder period. The energy rate is then set to be highest during the peak
hours and lowest during off-peak hours to better reflect the actual underlying costs of
providing electricity during those hours. A time-of-use rate can be designed in many
ways. The particular design of the rate can either increase or reduce the economic
attractiveness of distributed solar.

o Inclining block rates: These rates are set so that the first block of kilowatt-hours
consumed each month (e.g., the first 200 kWh) is billed at a lower rate than the next
block of consumption. Because net metering offsets a customer’s highest block of
consumption first, inclining block rates can increase the value of distributed solar to the
host customer.

o Declining block rates: Declining block rates are the inverse of inclining block rates.
Under a declining block rate, the electricity price declines as energy consumption
increases. These rates are rare for small residential and commercial customers, but are
more common for large commercial and industrial customers.

2.2. Compensation Mechanisms for Distributed Solar

Net Metering

Net metering allows customers to offset their electricity consumption with their system’s generation on
a one-to-one basis at the end of a month. Net metering is currently the most common method of
compensating solar generation for the individual home or business, having been adopted in more than
43 states (NCCETC 2016). It has traditionally been applied to customers who install solar on their
premises, but is increasingly also being applied to community solar options (discussed below).

There are many varieties of net metering, and the specific program design parameters can impact the
economic viability of distributed solar. These parameters may include:

e Program caps: A cap closes the net metering program to new customers once a certain
penetration level has been reached.?

7 Solar customers frequently have high usage during non-daylight hours when solar panels are not producing energy. In
addition, an hour of cloud cover during daylight hours can cause a solar customers’ usage from the grid to spike temporarily.

8 Caps can be expressed in different ways, such as a percent of historical peak demand, a percent of electricity sales, or in
absolute megawatts of capacity.
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e System size limits: Often net metering is limited to customers with relatively small
systems, such as under 500 kW. In some cases, the size limit is based on the host
customer’s load.

e Treatment of excess generation: Programs vary in terms of how excess generation is
compensated (i.e., when total generation exceeds consumption for the month), and
whether bill credits can be rolled over to the next month.

e Underlying rate design: Residential customers are typically billed through a combination
of fixed charges and variable rates (in cents/kWh), with net metering compensation
provided at (or close to) the variable rate.? Changes to the variable rate can affect the
ability of customers to offset their bills with net metering credits.

Buy All/Sell All

A buy all/sell all tariff requires that all energy consumed by the host customer be purchased from the
utility at the retail rate, and all generation be sold to the utility at a different rate. This rate may be

higher or lower than the retail rate. Two variants of the Buy All/Sell All approach are value-of-solar

tariffs and feed-in tariffs, described in the following sections.®

Value-of-Solar Tariffs

Value-of-solar tariffs are an alternative to net metering that is based on the estimated net value
provided by solar generation. This net value can be estimated in many different ways, but the key
elements typically include:

e Avoided energy costs (e.g., fuel, O&M)

e Avoided capacity (generation, transmission, and distribution)

e Avoided line losses

e Avoided environmental compliance costs

e Costs imposed on the system (integration costs, administrative costs)

An example of a jurisdiction that uses a value-of-solar tariff is Austin Energy. The value-of-solar rate is
set on an annual basis through Austin Energy’s budget process (City of Austin 2016). Because it is set

3 This compensation rate does not include certain non-bypassable riders or fees.

10 some concern has been raised that a Buy All/Sell All mechanism may create tax liabilities for solar owners. Under a Buy
All/Sell All mechanism, the owner may be viewed as engaging in the sale of electricity, the proceeds of which could
constitute gross income.
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annually, the rate fluctuates from year to year but is generally in the range of 10 to 12 cents per
kilowatt-hour.

The methodology used by Austin Energy to Figure 3. Austin Energy's Value-of-Solar Tariff 2012 and 2014
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set in 2012 and considers loss savings, energy $0.12 P
Environmental
savings, generation capacity savings, fuel price
. . . . Avoided T&D
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a buy-all/sell-all arrangement). Under this 2nd O&M
option, no netting is permitted. Other Avoided Fuel
and O&M
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only to excess generation, while any
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. . $0.00
effectively netted at the retail rate. o012 S014

Feed-In Tariffs

A feed-in tariff (FIT) operates similarly to a value-of-solar tariff, in that it compensates solar generation
at an administratively set value. However, the goal of a FIT differs from a value-of-solar tariff in that a
FIT is designed explicitly to provide an incentive to install distributed generation. Typically FITs are used
to stimulate early adoption of new technologies that would otherwise be cost-prohibitive for most
customers. As such, the FIT is generally designed to allow distributed generation customers to earn a
reasonable return on their investment.!!

Instantaneous Netting

Net metering has traditionally netted energy consumption against generation at the end of a billing
cycle (e.g., on a monthly basis). However, recently some jurisdictions (such as Hawaii) have begun to
experiment with what can be called “instantaneous netting.” Under this approach, any generation
consumed on-site offsets grid-supplied energy at the retail rate on a near-instantaneous basis, while any
generation exported to the grid is credited at a lower rate (Public Utilities Commission of Hawaii 2015).

11 175 have been widely used in Europe (particularly Germany), and on a more limited basis in the United States. For example,
Portland General Electric (PGE) solar customers can choose a feed-in-tariff option called the Solar Payment Option, which
currently compensates customers at a rate much higher than the net metering rate for a period of 15 years. See: PGE, “Solar
Payment Option - Install Solar, Wind & More,” https://www.portlandgeneral.com/residential/power-choices/renewable-
power/install-solar-wind-more/solar-payment-option.
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This rate structure encourages customers to use as much of their generation as possible (or store it in
batteries), rather than pushing it onto the grid.

2.3. Additional Options

Community Solar and Other Virtual Net Metering

Community solar allows customers who are unable to install solar PV on their homes or businesses to
benefit from the solar energy produced by an off-site solar installation (also called “virtual net
metering”).12 Customers typically purchase a subscription or “share” of the electricity generated by the
installation. Subscribers then receive both a charge for the subscription and a credit for the reduction in
grid-supplied energy that are applied to their electricity bill. This credit may be equal to, more than, or
less than the retail rate. Community solar installations have the advantage of removing some barriers to
entry for installing solar systems. For example, community solar expands access to renters or other
customers without suitable roof space, and to customers who have limited access to financing.

While community solar installations are typically much larger than the average residential system,
smaller forms of virtual net metering are possible. In Massachusetts, a hybrid between large community
solar arrangements and traditional net metering exists whereby an individual host customer can share
his or her net metering credits with other customers who take service from the same utility (Public
Utilities Commission of Hawaii 2015).

Renewable Energy Certificates and Solar Renewable Energy Certificates

Renewable Energy Certificates (RECs) and Solar Renewable Energy Certificates (SRECs) offer customers a
financial incentive to install distributed solar by allowing customer generators to sell their RECs or SRECs
to electricity suppliers, who are required by law to purchase a minimum number each year to comply
with the jurisdiction’s Renewable Portfolio Standard (RPS) or its RPS solar carve-out.

Currently 29 states and the District of Columbia have RPS policies, while a smaller number of states have
solar carve-outs. States with solar carve-outs and an SREC market include Massachusetts, New Jersey,
New Hampshire, Pennsylvania, Ohio, Delaware, Maryland, and the District of Columbia (Barbose 2016).
However, many other states in the eastern United States are able to participate in the SREC markets of
states with solar carve-outs (SREC Trade 2016). Some states have adopted an approach that does not
use separate SRECs, but provides solar customers with a multiplier on their RECs (Barbose 2016). For
example, a state might provide 3 kWh worth of RECs for 1 kWh generated by distributed solar.

Basic market forces determine the value of a REC or SREC: the supply of credits is determined by the
guantity of eligible resources currently in place, while demand is determined by the jurisdiction’s
requirements. SREC prices are generally higher than RECs, and therefore tend to provide a stronger

12 \je note that the terms “community solar” and “virtual net metering” are used quite inconsistently across the country and
also go by different names. For example, community solar may also be called “shared solar,” “community distributed
generation,” or “neighborhood net metering.”
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financial incentive for customers to install solar technologies. However, both SREC and REC markets can
be volatile, thereby increasing the financial risk for solar customers.

Loans, Rebates, and Tax Credits

Jurisdictions may provide a variety of incentives that reduce the up-front costs of installing solar
technologies, including subsidized loans, up-front rebates, and tax credits. For example, the federal
government currently offers a 30 percent investment tax credit for residential customers who install
solar.'3 In addition, many jurisdictions offer installation rebates, such as Austin Energy’s rebate of

$0.70/watt (equivalent to approximately 18 percent of the current median cost per watt).4

13 Eor more information, see the U.S. Department of Energy webpage at http://energy.gov/savings/residential-renewable-
energy-tax-credit.

14 Eor more information, see Austin Energy’s website at http://austinenergy.com/wps/portal/ae/green-power/solar-
solutions/solar-pv-systems/current-solar-incentive-levels.
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3. DEVELOPMENT OF DISTRIBUTED SOLAR

A comprehensive analysis of distributed solar policy options should begin with an explicit articulation of
state energy objectives and how they relate to distributed solar. The table below provides examples of
such objectives and their relationship to distributed solar.

Table 2. Policy Objectives and Distributed Solar

Objective Relationship to Distributed Solar Policy Choice

Reducing Electricity  To the extent that distributed solar reduces system electricity costs

Costs and Risk and diversifies energy sources, decision-makers may seek to promote
distributed solar. For example, distributed solar may be part of a
strategy to relieve grid congestion and reduce the need for significant
and expensive upgrades of the distribution system.

Environmental Regulators may wish to encourage development of distributed solar to

Goals reduce carbon emissions or achieve other state environmental goals.

Promoting A state may wish to support the ability of all customer classes to self-

Customer Control generate as an alternative to purchasing electricity from the utility and

or Choice to reduce their energy bills. Distributed solar can help to achieve these
objectives.

Employment States may promote distributed solar as a means to increase the

number of jobs, particularly those in the clean energy sector.

Protect Non-Solar Distributed solar may increase rates and bills for non-solar customers.

Customers from The impact on low-income customers may be of particular concern. To
Unreasonable Rate  address this, states may wish to limit the total penetration of
Impacts distributed solar, or develop alternatives, such as community solar and

low-income solar programs, that allow the benefits to be spread
across a greater number of customers.

A policy decision such as a change in rate design will impact the economics of investing in distributed
solar, and thus customers’ willingness to adopt the technology. Changes in the adoption of distributed
solar will in turn affect how much distributed solar is ultimately developed in the jurisdiction, which may
have two key impacts on utility customers:

1. |If distributed solar results in cost-shifting to non-solar customers, higher solar
penetration levels will likely exacerbate this effect.

2. If distributed solar helps to reduce electricity rates and meet a state’s solar energy
objectives, higher penetration levels will benefit customers over the long term.

For these reasons, decision-makers should consider current penetration levels, as well as how a policy
change will affect future customer adoption rates. Jurisdictions that are currently experiencing low
adoption rates may want to consider how solar penetration may change under different policies,
particularly if technology costs continue to fall (discussed more below).
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Customer adoption rates are influenced by many factors, ranging from the ease of the interconnection
process to the availability of loans or the ability to lease a solar system from a third-party installer. In
this report, however, we focus solely on the compensation mechanisms and rate designs that influence
customers’ willingness to install distributed solar.> For simplicity, we assume that the customer is
purchasing a system up-front, as not all states currently allow third-party leases or power purchase
agreements.

To estimate the impact of a policy on a customer’s willingness to purchase and install a solar system, it is
first necessary to calculate the payback period for a typical solar customer under the current policy and
the new policy.

Estimating the Payback Period

The steps to estimate the simple payback period for a single-owner solar installation are as follows:

1. Reference Bill: Calculate the customer’s average monthly bill under the current rate
structure and incentives without distributed solar, to provide a point of reference.'®
This will require knowing, at a minimum, the average annual consumption level (in
kilowatt-hours) for a typical customer. For more sophisticated rate structures (such as
time-of-use rates or demand charges), it may be necessary to know a range of
customers’ load profiles in order to accurately estimate the reference monthly bill(s).
Estimates of future grid-supplied electricity prices will also be helpful.

2. Upfront System Costs: Estimate the cost of installing a solar array, using the most up-
to-date prices and incentive levels possible. Online tools and datasets such as the
Lawrence Berkeley National Lab’s “Tracking the Sun” reports,*” and the National
Renewable Energy Laboratory’s (NREL) Open PV Project!® can help to inform this
estimate.’® Include any up-front incentives that a customer would receive, such as the
federal tax credit, which allows residential taxpayers to deduct a percent of the cost of
installing a solar energy system from their federal taxes.?°

1511 other words, the discussion that follows assumes that the interconnection process, permitting process, and other factors
do not present unreasonable barriers to customers. If this is not the case, then estimates of customer adoption should be
adjusted accordingly.

16 ¢ electricity rates are projected to increase faster than inflation, an escalation rate should be applied to the reference bill for
each year of the analysis.

17 | awrence Berkeley National Lab’s reports catalogue the trends in the installed price of residential and non-residential solar
systems installed in the United States. These reports can be found at trackingthesun.lbl.gov.

18 The National Renewable Energy Laboratory maintains a database of installed costs of distributed solar by year at
https://openpv.nrel.gov/search.

¥, 2015, the median installed price was $4.10 per watt for residential systems, $3.50 per watt for non-residential systems
less than or equal to 500 kW in size, and $2.50 per watt for non-residential systems larger than 500 kW (Barbose and
Darghouth 2016, 20).

20 This tax credit will remain at 30 percent through 2019, but is then scheduled to be reduced to 26 percent in 2020 and 2021,
and 22 percent in 2022 (U.S. Department of Energy 2016).
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3. Ongoing System Costs: Estimate the annual costs to maintain the system. NREL
provides current estimates of operations and maintenance costs on its website.?!

4. Generation: Quantify the anticipated solar generation (in kWh) for a typical solar array
using a tool such as the NREL’s PV Watts calculator.??

5. Bill Savings: Using the solar generation profile estimated in Step 4, calculate the annual
electricity bill for a customer with distributed solar, and then compare this to the
annual electricity bill for a similar customer without distributed solar (as calculated in
Step 1) in order to quantify the annual bill savings.

6. Other Benefits: Estimate any additional annual financial incentives that a customer
would receive for the electricity produced by their system such as production incentives
or the projected value of renewable energy credits (if applicable). Do not include the
value of up-front incentives that reduce the initial cost of the solar system, as these
were included in Step 2.

7. Simple Payback Period: If the benefits and costs are assumed to not vary from year-to-
year, the system costs can simply be divided by the annual benefits to derive the simple
payback period. Otherwise, incrementally subtract the annual benefits (the sum of bill
savings calculated in Step 5 and other incentives calculated in Step 6) from the system
costs (the sum of Step 2 and Step 3) to determine how many years will be required for a
customer to recoup his or her investment.?3

Once the simple payback period under the current rate structure and incentive levels is calculated,
repeat the process for any new policies under consideration.

It should be noted that there are many factors that can influence the payback period and can change
quickly. For example, the installed cost of solar has fallen dramatically in recent years, as shown in the
figure below, based on data from Lawrence Berkeley National Laboratory (Barbose and Darghouth
2016). The price of electricity also may change significantly from year to year, particularly for
jurisdictions where energy prices are driven by volatile oil or natural gas markets. For this reason,
payback periods (and the penetration levels that rely on payback period estimates), should be updated
periodically.

2L 2016, the estimated annual O&M costs for small residential systems was $21 (NREL 2016).

22 The National Renewable Energy Laboratory’s PV Watts calculator estimates the energy production from distributed solar
systems throughout the world. The calculator also contains some cost information. http://pvwatts.nrel.gov/.

B The simple payback period calculation does not involve discounting.
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Figure 4. Median Residential Installed Price of Solar
$16
$14
$12
$10
S8
$6
S4
$2
S0

Median Residential Installed
Price Per Watt

1998
1999
2000
2003
2004
2005
2006
2007
2008
2009

2001
2002
2010
2011
2012
2013
2014
2015

Source: Barbose and Darghouth, Tracking the Sun IX, August 2016.

Customer Adoption Levels

The next step is to estimate the customer adoption levels for a certain payback period based on market
penetration curves and estimates of the eligible population. Market penetration curves estimate the
percentage of customers who will ultimately adopt a technology as a percentage of the total customers
who would and could potentially install the technology.

Many customers cannot adopt solar because they have unsuitable roofs or do not own their residences.
Other customers may have no interest in installing solar panels, even if they were provided for free. For
example, out of 1,000,000 residential customers, perhaps only 650,000 customers own their residence
and have roofs with little shading and an orientation suitable for solar. Thus the population of eligible
customers should be determined for each jurisdiction based on surveys, home ownership rates, and
analyses of rooftop suitability. If jurisdiction-specific estimates are not available, one can develop rough
estimates from existing resources. One useful source is NREL, which developed estimates of the
percentage of small buildings suitable for rooftop solar in each ZIP code using data on roof shading, tilt,
and azimuth (Gagnon et al. 2016).

Once the population of eligible customers has been established, market penetration curves can be
applied to estimate the proportion of the eligible population that would adopt solar based on a certain
payback period. Ideally these curves will be developed for a particular jurisdiction using surveys. If this is
not possible, curves developed for other jurisdictions can be used. For example, the graph below shows
maximum market penetration curves for the residential and commercial classes as estimated by
Navigant Consulting (Paidipati et al. 2008), the Energy Information Administration’s National Energy
Modeling System (NEMS) (EIA 2004), NREL (Sigrin and Drury 2014), and R.W. Beck (2009).
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Figure 5. Market Penetration Curves from the Literature
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As demonstrated by Figure 5, estimates of market penetration can vary significantly based on what
underlying data are used to estimate the curves and when the estimate was made. Such penetration
curves may need to be adjusted over time as market factors change or as better data on customer
adoption rates becomes available. These market penetration curves assume that there are no other
substantial barriers to solar adoption (such as interconnection barriers, program caps, etc.). Moreover, it
is unclear what effect alternative solar financing models (such as third-party leases) have on these
curves. For this reason, we recommend that each jurisdiction conduct its own survey of customer
willingness to adopt solar under different arrangements (including both customer ownership and third-
party leases).

The market penetration curves recently adopted by NREL for its dSolar model (Sigrin et al. 2016) are
approximated in the figure below. Using NREL's market penetration curves in Figure 6, a 15-year
payback would be expected to result in 12 percent of possible residential customers being willing to
purchase and install distributed solar, and 1 percent of possible commercial and industrial customers
being willing to purchase and install distributed solar. It should be noted that the willingness of
customers to adopt solar based on simple payback periods may not lead to actual project
implementation if other types of barriers exist. For example, Navigant estimates that adoption levels
may be reduced by as much as 60 percent if widespread interconnection challenges exist that create
significant cost increases or result in project delays or cancellation (Paidipati et al. 2008, 10). On the
other hand, if attractive financing options are available, actual penetration rates may be higher than
those estimated based on payback periods.
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Figure 6. Maximum Market Penetration Curves adopted by NREL
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Assuming that significant other barriers to installing distributed solar are not a factor, the penetration
levels indicated by market penetration curves can be expressed as penetration levels for each rate class.
They can also be converted to penetration as a percent of system peak demand or of energy sales.
These expected penetration levels should be estimated for each policy option under consideration, as
they are used to determine the net benefits provided by each policy option (described in the next
section).

However, it is important to remember that the payback period is likely to change from year-to-year, and
therefore the ultimate penetration of distributed solar estimated this year may be markedly different
than an estimate made five years from now. To address this, policymakers may instead want to estimate
the near-term penetration level (e.g., five years in the future), and revisit the estimate every few years.

To dete