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Executive Summary

Ever since the introduction of retail competition in the late 1990s, the traditional regulatory paradigm

that guided the last century has been evolving to adapt to the g@ece of new energy technologies

FYR GKS O2yadzYSNEQ | LIJISGAGS G2 KIFI@S Y2NB O2y (iNRf
technologies, consumer adoption of rooftop photovoltaic (PV) arrays has brought down the unit cost,

making it more affordale to more consumers than just five years ago. With the growth in PV, new

regulatory issues have arisen that are being discussed in commission proceedings and energy

conferences across the nation. There are differing viewpoints on the growth in rooftam@V,

reconciling these viewpoints is referred to in this paper as the Regulatory Challenge. Many in the utility

industry are concerned that the growing number of PV units installed will reduce their sales and the

revenues needed to operate the grid relighBy contrast, customers with distributed generation (DG)

worry that new rate designs that have been proposed by some utilities will erode the economic

feasibility of their investment. Consumer advocates raise concerns that the D@ btsvéotably those

who cannot afford PV) will be burdened with the responsibility of making up the revenue deficit through

higher rates. Finally, businesses serving an increasing demand for DG hesitate to put significant
NE&2dz2NOS&a Ay | NBIA2Y caldlsiNg ard rtad READEINMGINGD TFAY | y O,
different viewpoints is a challenge, but prescient rate design can provide options that are equitable to all
parties. Essentially, what occurs is that DG customers reflect the load and cost characteristitiglof p

(rather than traditionafull) requirements customer®ate design(s) that appropriately reflects the

partial requirements characteristics of DG customers would tend to have the most equitable outcome

for all customers. This is the backdrop and imusefor DG customers.

This paper explores rate design options for DG, and notes circumstancegamgles thamay help
guide regulators, advocates, and other interested parties to determine which rate design is most
appropriate for each jurisdiction. Thpaper was drafted with the particular perspective of the MADRI
states in mind, but it will serve as a useful analysis to many other jurisdictions as well.

As a starting point, this paper proposes rate design principles that can be considered wheindesign
rates for DG customers:

1 A customer should be able to connect to the grid for no more than the cost of connecting to the
grid;

9 Customers should pay for grid services and power supply in proportion to how much (and when)
they use these services and howah power they consume;

9 Customers who supply power to the grid should be fairly compensated for the full value of the
power they supply, no more and no less; and

1 Tariffs should fairly balance the interests of all stakeholders: the utility, theD®@rcustmer,
and the DG customer.

Next, this paper describes a variety of rate designs that are being applied in various jurisdictions along
with case examples and analysis of how these rate designs comport with the regulatory principles
enunciated above. Rate dgns that are reviewed include: net metering; high customer charges;
minimum bills; timeof-use rates (TOU); monthly demand charges; demand charges for large houses;
subscription demand charges:directional rates; fees imposed on DG customers; fieddriffs; and,

value of solar tariffs.
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The paper concludes with a finding that the most appropriate rate design for customers with DG may be
one that combines timearying power supply charges withdirectional distribution charges. This kind

of rate desgn can be structured so that the DG customer pays the cost of the connection and the full
retail rate (customer charge plus volumetric component) for all power it purchases from the utility. The
rate at which the customer is compensated for any powengetid from the PV to the grid is then

based on a Commissiatetermined fair and reasonable rate that reflects the value of the power to the
utility. One option that works well with fdirectional rates is to use a TOU rate, which may more
accurately refletthe true cost to the utility at the time the electricity is generated. This is a fair proxy

for determining the value of solar.

The importance in rate design with respect to DG and rates in general is to ensure that they adhere to
the principles of costausation and equitable cost recovery for all customers as best as possible, while
balancing the competing legitimate needs of the stakeholders who are affected by the rate design
outcome.



1. Introduction and Statement of the Issue

Greater penetration oDG provides many opportunities for utilities and their customers. However, with
this greater penetration, it will be important to anticipate and adequately manage the effects of growing
DG with prescient regulatory policies. This paper explores thesenpak@roblems from a customer

rate perspective and from a competitive energy market perspective, with attention focused on the
economic true costs of the services provided and received. The electric industry has witnessed
significant changes over the pasio decades, chief among them the restructuring of utilities in many
states providing customers a choice among suppliers for their energy. Many of the early battles were
over market structures that made it difficult for third party providers to competeeiQhe years,
regulatory barriers have dissipated somewhat although many still reiiBi® expansion of customer
choice through DG may be no different in that there is often an initial resistance to change that is
followed by finding compromises, solutions and workarounds.

The growth of DG also presents some manageable challenges indésystem adequacy and

engineering. EDUs will still have the obligation to satisfy energy requirements in the event that the
OdzaG2 YSNDRa 5D &deaidtsSy Aa dzyl @rAflrofS 2NJ R2Sa y2i4 Y!
as EDUs calculate how mudpacity they need to meet these DG customer obligations in addition to

their traditional retail obligations, they can consider a number of important factors, such as: the number
and size of DG systems; the outage probabilities and characteristics of thgsi@Gs; and the location

of the DG in their service territory and surrounding territories, if a larger market area is relevant.
Importantly, EDUs must consider how likely it is (or is not) for all DG systems on their system or on a
given circuit to needbackup energy at the same time. Moreover, even with a high number of small PV
systems, the amount of standby capacity needed to be available for them could be minimal. Policies that
allow customers with industrial cogeneration or Combined Heat and Powts tonbuythrough to the

market rather than rely on the EDU for standby services can cut costs and utility requirements to have

standby power available.

Because currently the EDU typically has little or no control over the output of most DG systems, and
because many of those systems rely on variable energy resources like wind and sun, the need for
frequency response, ramping, and other ancillary services may increase as DG deployment increases.
This is not true in all cases, however, and advancementcihmtdogies (e.g., smart inverters) are

already allowing some DG resources to be used by EDtisadersof ancillary service$These
advancements are creating new wivin opportunities for EDUs to control or reduce the costs of

L Examples that were obstacles included how to unbundle the utilities and address stranded cost; how to establish fair market

rules in order to create a vibrant market, creating structures to enable service providers to offer new services andvititteract

the customer directly; and increasing energy efficiency and demand response services to be considered resource options.

2 A smart solar inverter, for example, improves the reliability of the electric grid by allowing distributed solar soutegs to s

connected to the grid in case of minor disturbances in voltage and frequency. Traditional solar inverters, by comparison, are not

capable of handling voltage and frequency fluctuations, and are required by the Institute of Electrical and ElectroréessEngin

(IEEE) 1547 standard to trip and disconnect from the grid in such situsfieasSolar Electric Power Associati¢2014,

JanuaryJ.1 26 GKS AYy@SNILISNI 323G aayvyl NlIé¢ | yRetrigvddifram G KF G YSFya F2N 0K
http://www.solarelectricpower.og/utility-solarblog/2014/january/howthe-inverter-got-%E2%80%9Csmart%E2%8 0%
what-that-meansfor-the-growth-of-solar.aspx
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providing ancillary sergés for all customers, while potentially providing new energy market revenue
opportunities for owners of DG systems.

Looking at the economics and customer rates, traditional utility rate design in many cases will consider

the embedded cost of servicegsy S 2F (KS O2YLRySyida Ay RSUGSN¥YAYAYy3
of utility revenue requirements. The revenue requirements are broadly based on three cost drivers:

electricity usage, demand, and number of customers. Electricity usage costs are vayuarat include

elements such as fuel and operation and maintenance costs that are variable and increasingly

differentiated by season and time of day. Demand costs represent the cost of building the system to its
required size and capacity, and generaltg based on a combination of system peak to provide the

supply of energy and peaks for the facilities necessary for the delivery of power to customers. The

number of customers drives metering, service, and billing costs. A few utilities do not applgneusto
OKINBSaz |yR Yz2zad R2 y2i4 |LILXeé& RSYFYyR OKIFNHSa (G2 |
serve a DG customer will vary by the DG technologies in place, the operating characteristics of the DG
systems, and the fuel choices customers make r#tes employed by utilities are typically not

sophisticated enough to reflect these distinctions and many others.

Policymakers should consider the role DG can play as a resource to the utility system. Rather than
viewing DG as an inevitable customer optthat is tolerated, it can be viewed as a grid enhancement.
From a supply standpoint, the aggregated DG within a utility system can reduce installed capacity needs,
the reserve level required, the losses associated with the energy as well as peak deaained by
customers, and all of the ancillary services which will not be required due to the avoidance of the energy
generation? A vertically integrated utility would reflect these benefits for all the ratepayers. In

competitive markets, the availabyitof DG can help manage supplyd demand, which could mitigate

any rise in market prices. DG can especially be an enhancement when it is sited strategically in locations
and in ways that bolster the gritMany forms of DG also have low or zero emissions, making them a
useful component for meeting environmental goals. Some have local labor intensity, making them
attractive for job growth. Regulators may want to consider these added values when desigrtiaf par
requirements service tariffs for DG.

Rate design and the manner in which particular utility costs are caused and recovered from customers
gAff 0SS AYLRNIFYG Ay RSGSNNAYAY3TI i khileSaedsigris (2 6 K.
the chief factor, other factors also include how regulation allows utilities to recover costs and the effect
of policies promoting distributed energy resources (DER). The economic impact of partial requirements

31n order to provide ancillary services, DG systems would need to have smart inverters controlled by the EDU or a third party
provider of ancillary services. A smart inverter may increase the cost of installing the DG system, and use of the system for
ancillary services may decrease its total kwWh output. Customers would only welcome the use of their system for ancillary
servicesfiprovision of those services generated at least as much economic value as was lost from the investment in a smart
inverter and the decrease in kWh output.

4The impact of DG on utility system costs will vary with technology, location, and level ofmepip See, for example: Mills,

A., & Wiser, R2012, Jung Changes in the Economic Value of Variable Generation at High Penetration Levels: A Pilot Case
Study of CaliforniaLawrence Berkeley National Laboratory. Available at:

5 An example might be lotiag PV panels so that they face west and can provide value to the utility during peak times of the

day, as well as identifying specific locations in the local delivery system that would avoid or defer investment or otherwise
reduce costs.

6 Performancebasedregulation could provide incentives to utilities to remove barriers and considerations of lost revenues by
compensating the utility for supporting the development of DG. These incentives, along with decoupling, could be tools to
address the lost reveralissue associated with DG. While Performance Based Regulation has yet to be adopted in the US, Great
CNRGEAY KEAa FR2LIGSR LISNF2NXYIEyOS YSGNAOA 1y26y & awLLhé o6wSQ
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customers on EDUs will be greatest in cases whekeS Odza i 2 YSNR& NI} GSa NS ol aé
volumetric energy charges, as is normally true for residential customers. In these cases, the rate is

designed so that the EDU will recover most or all of its variable and embedded capital costs through

volumetric energy charges. When the customer supplies some or most of its own energy, the EDU

collects less revenue than it otherwise would but it also benefits from some reduction in costs. This

revenue loss can put an economic burden on the utility asdhareholders in the short term. Longer

term this loss could lead to a redesign or increase in retail rates, potentially to the disadvantage of

customers without DG, as well as to a consideration of ways to reduce cost and redesign the utility
businessnodel for earning revenue and net income.

There is also a concern that such rate increases signal thab@oustomers are subsidizing DG

customers. This may or may not be the case universally. If the DG has the net effect of avoiding more
expensive utity investments, then all customers share these benefits. The question is, what is the value
of the DG to the grid as compared to the compensation for the DG provided? Good rate design attempts
to match charges and compensation based on cost and valuectgely. Volumetric rates can increase
when sales volume goes down even in cases where DG systems provide more value to the utility than
the retail rate. The DG system might provide a net benefit to the utility system and might be-under
compensated, buthe nature of volumetric rates is such that the reduction in kWhs forces the utility to
raise rates in order to collect the reduced revenue requirement. That hurtspasticipants, but it
R2SayQild YSIy (KSe& I NB &adz aARA odngrdinthikkBdd D 26y SNARA O
hypothetical example might be providing $.11 worth of service and getting paid $.10. In thishease

is no subsidy. On the other hand, if the DG customer is providing $.10 of value and receiving $.11, there
is a $.01 subsidy. @rcan only prove a crossibsidy by showing that the cost of serving DG customers is
greater than the revenue collected from them, and the mere fact that volumetric rates have increased is
not sufficient to prove that.

From an energy markets perspectitiee development of competition and customer choice is another
important benefit of DG for regulators to consider. The jurisdictions participating in theAtladtic
5Aa0NRAROdzISR wSaz2dz2NOSa LYAGAIFGABS o6 KSNgnenfthat Gt SNI OF f |
one such jurisdictint the District of Columbia is not a state) offer customers the option of purchasing
energy from competitive retail suppliers. Embedded in this choice is the option for customers to supply
their own electricity. The increasiragnount of DG capacity can be advantageous from a societal
standpoint in that it allows customers more freedom of choice in their energy decisions, increases fuel
diversification and, depending on the type of DG technology, could be better for the enwrtrihan

large, centralized, fossdilieled generatiorf While this paper is prepared for the seven MADRI states,

this paper can nevertheless provide useful insights to readers from other jurisdictions who will need to
reflect upon their own state circumstaes with regard to the issues addressed Here.

The benefits of DG to one customer need not come at the expense of other customers or unfairly
disadvantage energy market participants. This basic principle should guide all rate design. The goal of
the distiibution service tariffs, therefore, must be to eliminate all barriers while simultaneously
maintaining fairness for buyers and sellers of electricity.

7 Large, centralized renewable generators camo aiovide fuel diversification and environmental benefits, often at a lower cost
than DG.
8 The MADRI jurisdictions are: Delaware, the District of Columbia, lllinois, Maryland, New Jersey, Ohio, and Pennsylvania.
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This paper will set forth principles that should guide all rate designs generally. It will then exbeine
range of rate designs being discussed that could address DG issues in terms of how they work, provide
an example of each, and conclude with an analysis. While this paper addresses DG generally, for most
residential customers DG will be solar PV. Itdtidoe recognized, however, that technological advances
are increasing the potential for PV systems to be operated in conjunction with natural gas fuel cells as
well as storage capabilities.

This paper addresses rate design issues and options with full consideration of both distribution services
and power supply. All of the MADRI states allow retail competition in power supply, and recognize that
state regulators have limited authority to relgiie the service plans offered by competitive power
suppliers. However, a comprehensive approach to rate design is merited for at least three reasons. First,
regulators in the MADRI states have some authority (and, in most cases, broad authority) over the
design of rates for default service customers (those who do not choose to purchase power from a
competitive retail supplier, but instead receive both power supply and distribution service from the
EDU). This includes rates for default service custometdiinge DG systems. Second, a default service
option is currently available to residential customers throughout the MADRI states. Third, the vast
majority of customers who have installed DG systems to date have done so while operating under a net
metering triff (discussed later). The MADRI states are divided as to whether the distribution utility is
required to offer net metering tariffs: Delaware, lllinois and New Jersey require it, while the other states
do not. (Ohio requires it, but the utility only psiyhe generation rate for any excess power that is
produced and not credited against consumption). In states where competitive suppliers need not offer
net meteringtariffs, they generally do notand customers with DG will usually end up taking full servic
(distribution and power supply) from their EDU. These facts justify a discussion of DG tariffs that
encompasses both power supply and distribution service, with an understanding that the relevance of
power supply rate design issues is greater in somsgigtions than in others.

M rRAP 10



2. The Regulatory Challenge: Balancing the Interests of DG
Customers, NonDG Customers, and the Utility

Solving he regulatorychallengenvolvesfindingworkingsolutions through the implementation of tariff
desigrsto address the concerns of three major stakeholder groups: the DG custdpaaticipants) the
non-DG customergnon-participants yet system beneficiariegnd theelectric distributionutilities
(EDUSs)This echoes similar issues which arose as a result of energy efficiency programs reducing utility
revenues, but on a potentially larger scale with DG. Policy gbtasifb design to address DG issues
include?

1 Assuring the financial integrity of the utility so it has access to sufficient revenue and capital to
operate its grid, including the reasonable opportunity to provide a reasonable return to
shareholders;

i Fairly compensating DG customers for the net value of their contribution to the grid (considering
both the system costs and system benefits associated with that contribution), and erecting no
undue barriers to DG customers; and

1 Ensuring that rates and kElremain fair and affordable for neDG customers and provide
proper price signals to minimize lotgrm costs.

Beyond these policy goals, the tariff design must follow the principles of rate design in order to create a
fair and balanced approach that mgnizes and assigns costs (and benefits) based on those causing
them. These topics are discussed in Section |, which follows this discussion of the needs of each of the
three stakeholders.

A note on dilemmas is warranted. In rate design, some principlssaome into conflict. In these

situations it is the task of the regulator to signal priorities, sometimes guided by statutes and sometimes
not. Readers should remain alert for dilemmas, recognizing that their resolution reveals the priorities of
decisionmakers, whether those priorities are explicitly stated or not.

Below is a discussion of the perspectives and concerns of each of the three stakeholder groups which,
when viewed together, do not reveal apparent solutions. What is important, howeveratishé

solutions not address the needs of one or two groups to the exclusion of the other. Any solution that
does not address the concerns of any one of the stakeholders is not likely to work in the long run.

aaDG Customers (oOoOParticipantso)

DG customers ara diverse lot consisting of households or commercial establishments with PV, farms
with a variety of possible seffeneration options, or industrial customers with combined heat and

power, among other alternatives. A first concern for the DG stakeholdempgs that policies not erect
economic disincentives for customers interested in installing a DG system. For DG customers there has
to be an economic rationale for the investment with a reasonable payback for that custmer.

91t should be noted that this partial list is consistent with principles in formative rate design treatmentisddesenunciated

by Bonbright irPrinciples of Public Utility Ratel961.This paper is an effort to apply those principles to new factsnarisom

the emergence of DG.

10 An economic rationale does not exclude the prospect that customers can have an arrayrobnetary reasons for

deploying DG. A customer can be a technophile, or have environmental imperatives that permit a long payibdck/pkre

may also reside outside strict electricity payback, such as communicating to customers and employees a commitment to DG.

M rRAP 11



Connecting to the system shiolbe based on the cost to do so. The number of businesses available to
help customers with DG products is expanding and will only continue to grow as policies enable the
growth of DGt

Regulatory certainty is another consideration. Customers engaged (wb&ther in the stage of

considering the investment or having already made the investment) value being able to rely on the
regulatory construct in place at the time they enter into the decision to build DG. Because the customer
constructing the DG unit kzes the risk for changes in regulation, any anticipation of changes in costs or
regulation imposed on DG customers can present significant barriers to the development and success of
DG. Unlike utilities that can pass costs associated with changed regslaéek to consumers, these
customers are left to bear the cost of changes to the deal. While all customers bear the risk of rate
increases and shifts in rate design to accomplish policy objectives, stability is an important rate design
principle and attetion should be paid to the effect of potential changes on customers. The size of DG
investments underscores the seriousness of this issue for DG customers. Their response to regulatory
changes being made or contemplated may hinge on their confidence dnpéty their investment,

even if it takes a longer period of time to do so. Businesses supporting a growing DG demand are likely
to perform best under a stable regulatory system that fairly values their products.

In areas where DG deployment is low and teeenue impacts of a subptimal rate design are minimal,
regulators can consider protecting existing DG customers from changes to their deal for a period of time
likely to exceed payback expectations while considering any prospective changes for memusim

future DG customers. The concern for DG customers is being able to rely on the regulatory construct to
recover their investment costs.

Tariff rate designs for distribution service and supply service will be critical to DG project economics and
deployment decisions. For customers with residential scale PV, high fixed charges and fees for using the

grid are a prominent concern. As will be explored below, time varying rates are a better alternative
0SOIdzaS GKSe& Oly Y2NB I @dndieht pedk demandSstahdbyO i G KS Odza i ;
requirements, and value of the energy delivered through the distribution system.

Changes to net metering policies can also affect the financial viability of a project. And for customers
who lease their DG system, or who bpgwer from a DG system owner but are still utility customers,
unanticipated costs could negatively affect the life cycle economics of the DG project and severely
hamper the market for prospective solar leasing customers.

DG has a number of societal bengfiThese benefits, however, may not be explicitly recognized by
regulation. For example, if one customer builds generation thereby reducing its load requirements for
the system, there will be savings for all customers. This phenomenon may be more paslgiated by
imagining thousands or millions of customers making this individual choice. In other words, some of the
cost to serve all customers will be shouldered by the DG customer making an investment in a resource.
With the exception of the value obfar tariffs, externalities and societal benefits are typically not

111n addition to rate designs that properly compensate and charge DG customers, other issues such as interconnection

practices are also important. They include the fees for interconnection, the requirements to connect to the grid, and the time it
GF18a (2 O02YLX SGS GKS Ay(iSND2yySOiAz2y lylteara oe G(KS dziAf Al
interconnectionstandards are reasonable. This issue was first addressed by MADRI in 2006ABBéModel Small Generator
Interconnection Procedure@005, November 22). Available at:

http://sites.energetics.com/MADRI/pdfs/inter_modelsmallgen.pdf
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included in rate design€.An argument can be made that, in weighing costs and benefits, it is

appropriate to include all the benefits and not just the costs. Often regulators and stalezhalre

either constrained by legal frameworks or choose not to quantify loteen infrastructure costs
NBfFGSR (2 3INRSGK 2NJ a20ASGrf oSySTAadaszx GFr33aay3
guantifying or estimating these benefits, they ana¢curately assigned a value of zero.

b. Non-DG Customers

DG tariff policy must also address the needs of customers who do not have DG. As more customers
engage in providing part or all of their electric service from DG installed at their home and their
busiress, utility sales will decline concurrently with utility retvenues, unless decoupling is in place or

the utility has periodic rate cases to adjust rates. Utilities argue they need adequate revenue to continue
their normal operations, to raise capital @ reasonable cost and to earn a return for shareholders, and
that any revenue shortfall needs to be covered. The concern is that making up the difference in net lost
revenues from DG will fall on the remaining customers who lack access, cannot affoindpse not to

install DG.

Utilities lose revenues from a variety of customer choices. For example, a customer deciding to install
ceiling fans, invest in higher SEER HVAC systems, or other energy reducing choices will reduce the
revenues collected by thutility. Additionally, some customer premises are secondary (vacation) homes
which may impose high load requirements during peak periods, and the cost for the facilities to serve
those high load requirements are not recovered during the-peak periodsvhen the customer

returns to their primary residence. Businesses change their processes, move, or go out of business.
Some customers may be struggling to pay their utility bills as it is, and many may be on a fixed income.
Low income customers pay twice lsigh a proportion of their income on utility service as do other
customers and utility bills are generally their second highest expense next to a mortgage Grieat.
potential effect on lowincome customers could be factored into c@dliocation and ree design

decisions (beyond calculable and typical allowances forgayment and arrearages) to the extent that

an economic regulatory agency wishes to incorporate social policy in its considerations.

As a first step, utilities should look at ways to reduce system costs through reliance on DG and also take
advantage of the benefits to the utility system as a whole from custefmeded DG. Customer

investment in DG replaces utility investment in assetsrdime. Cost savings realized will minimize the
effects on remaining customers. Further, care must be taken to avoid creating incentives for utilities to
overbuild. Given the juxtaposition of decreasing sales and the need for infrastructure upgrades, sha
attention needs to be focused on the efficiency and efficacy of utility distribution planning and to
ensuring that leastost solutions, including an awareness of risk, are developed. This includes analyzing
how strategically located DG can offset cdsis utility might otherwise incur to address growth, a
weakening infrastructure, congestion, and line losses. Utility executives who are looking for ways to cut

12 California, however does account for these benefits through various incentive programs to encourage DG development.
California Public Utilities Commission. (2013, MBjgnnial Report on Impaeof Distributed GeneratioPrepared in
Compliance with AB 578With Data through 2011 and Selected 2012 Data. Black & Vetch. Available at:
http://www.cpuc.ca.qov/NR/rdonlyres/BE24C48B27+400CA174

85F9B67F8CI9B/0/CPUCDGImpactReportFinal2013 05 23.pdf

13 See Chrisman, K. R. (2014). The Great Solar DBrigiking EnergyAvailable at:
http://breakingenergy.com/2014/10/22/thegreatsociatsolardivide/
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costs over the long run will benefit their companies by incorporating reliance on DG and other
distributed energy resources into their planning.

Part of the concern is that there is a mismatch between shemin costs and longerm benefits. In the

short term, rates may go up to cover lost utility revenues, but in the long run the presence ofdDG an
other DER solutions can eliminate or delay the need for other, more costly utility investments that

would drive up rates even more. For customers with limited income and a high energy burden, however,
this may be a small consolation.

Some of the equitgoncerns associated with DG can be partially addressed through policies and

programs that create opportunities for greater numbers of customers to benefit. More creative

solutions are needed to allow all customers the option to economically particip@&irEnergy

efficiency is generally available to all customer groups at all income levels, while this is not typically the

case for DG. This is a distinguishing characteristic among the distributed energy resource options.

Several states are developing \&ions of a shared renewable model to enable fid@ customers

interested in participating to receive bill credits for the output of a DG installation that is not located on

their property!*Under this model, the customer gets credited for a specified shtiee solar energy

LIN2E RdZOSR SOSNE Y2yiU4K FNRY GKS t+ FlLOAfAGED ¢KS ONJ
RSLWISYRAY3I 2y (KS dziAfAideQa RSaAxdy 2F GKS NrdaSao !
utilities to ensure that theibilling mechanisms can accommodate the extra detail of showing a solar
ONBRAG YR GKS yS¢g OFtOdzZ I GA2y 2F | Odzad2YSNRa oAl
and lllinois have active shared renewable energy programs and Delaware h#sdepalicies to enable

shared or community solaf.Additionally, in some states (e.g., Delaware) Community Energy Facilities

provide for a renewable energy facility to be a figanding resource with identified subscribers who

receive benefits as if thiacility were located on their premise. A nprofit organization, for example,

could assist in the funding for a Community Energy F?? which provides opportunities for customers at

any income level to participate in the benefits of renewable energy.

c. Distribution Utilities

The third stakeholder perspective to consider is that of the EDU. Ultilities collect a large portion of their
revenues through volumetric sales of electricity and there is sound reason for this pradiGe.

installations reduce sales aidK dza NB RdzOS NB @Sy dzSad® az2ad 2F GKS 95!
services are not reduced or avoided when volumetric sales decrease. Thus, the core concern of EDUs is

that revenues decline more than costs decline. (See text box for possible gofutioti 2 G KA & G NBOSyY
Y2RSt ¢ LINRoOfSYDO

In regions with competitive wholesale and retail electricity markets (such as the MADRI states), the
dziAftAleQa O2yOSNya |o2dzi ySiG fz2aid NBGSydzZSa I NB YI .,
RAAGNAROdzOA2Y aSNBAOSa® | 26SOSNE Ay GKS a!s5wL adl i

14 Shared renewable programs come in many different forms. Some programs rely on small, distributed solar arrays owned by

third parties, while thers can be backed by very large projects owned by utilities, just to name a couple of the varieties. The

GSN¥a aO2YYdzyArAide a2t NE FyR &d&az2ft N 3FNRSyaé¢ INB O2YYzyfeée dzas$s
program characteristics.

15Vote Solar (2015). Shared Renewables HQ webpage. Availabipatsharedrenewables.org/

16| azar, J., & Gonzalez, W. (208hart Rate Design for a Smart Futifbe Regulatory Assistance Project: Montpelier,

Vermont. Available atttp://www.raponline.org/document/download/id/7680
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ASNDAOSE (2 NBAARSYOGAIfT OdzAG2YSNE OADPSDE 2001 AYAY:
that have not exercised their right to chaman alternative energy supplier). Obtaining such supply

service is usually accomplished through a bidding process to acquire energy at least cost. The EDU would
be responsible for a rate design that allows for recovery of its default service costs as weHllelivery

costs. The EDU, therefore, will see reduced power supply costs (in the form of reduced default service
purchase requirementfor capacity and energy) that will roughly equal its lost power supply revenues.

The Utility Business Model

Several states are beginning to explore alternative utility business models to provide additiong
opportunities for utilities to secure the revenues they need to run a healthy company and a reli
grid. Some ideas are regulatory in nature, while others are more business/entrepreneurial.

Regulatory approaches include decoupling, which has long been viesngedhachanism to address
the throughput incentive by severing the link between sales and revenues. (A more detailed
discussion of decoupling is contained later in this paper).

Another regulatory mechanism garnering increased interest is PerforrsBasedregulation (PBR
which provides a return to the utility based on its performance on commisssbtablished metrics.
The benefit of PBR is that it provides regulators with significant flexibility to determine what kir|
actions in which to encourage thaility to engage, and what level or range of compensation it
should receive based on how well it does. For example, under one model, a commission coulc
establish a low to moderate base for the return on equity, and reward the utility with upward b
poA Y G | R2dzalGYSyda o6FlaSR 2y (KS dziAfAdGeqQa LIS
encouraging DG, customer satisfaction, efficiency of operations, etc. This turns the utility away
a focus on volumetric sales and returns for capitidiions to a performanceentric focus that is
tailored to achieve public policy goals.

Another approach is to allow utilities to charge fees to third party businesses that are providing
energyrelated services to endse customers. The compensation pard to the utility for

LINE GARAY3I aSNBAOSa | yRk2NJ LINPRdzOGa o0adzOK I
would reduce the burden of customers by removing from rates the cost of utility services that
permit third party businesses to obtain daand services from the utility. Further, under some
models the utility may be permitted to compete with private businesses in unregulated, -utility
related services. In this instance, establishing some form of separation between the regulated
unreguldaed portions of the utility company along with comprehensive codes of conduct would
necessary.

These approaches can work individually, or in concert. Other business model options, both
regulatory and competitive, may yet emerge.
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3. The Principles of Rate Design

It is easy to be mesmerized by the rapid and extraordinary changes in technology that are profoundly
altering the economics of electricigroduction and delivery. It is, therefore, just as easy to think that
our approaches to the pricing of electricity services must likewise profoundly chandegperhaps they
should. But it would be wrong to conclude that the fundamental objectives ofsetitng, and the
principles for rate design that flow from them, have also changed. They have not, because the
underlying laws of economics and notions of equity rightly still apply. The goal of rate design is to set
prices that are economically efficieand fair to consumers and that enable utilities to recover their
costs of providing service (including return of, and on, their investment). Decades ago, James C.
Bonbright and Alfred Kahn, two of the leading experts on rate design, set forth princifiesde
revenuerelated and costelated objectives. These principles are still adhered to today. Bonbright
summarized the objectives of rate design as follows.

RevenueRelated Objectives:

w Rates should yield the total revenue requirement;
w Rates should progle predictable and stable revenues; and,
w Rates should be stable and predictable.

CostRelated Objectives:

Rates should be set to promote economicafficient consumption (static efficiency);
Rates should reflect the present and future private and s@dsats and benefits of providing
service (i.e., all internalities and externalities) and promote economieilyient investment;
w Rates should be apportioned fairly among customers and customer classes;

w Undue discrimination should be avoided; and,

w Ratesshould promote innovation in supply and demand (dynamic efficiency).

w
w

2YONRIKGIQEA LINAYOALX Sa 6SNBE FANRG LMzt AaKSR AYy M@
of the utility industry since then and the growth of customer solutions in meetimgrgy needs have not
changed the broad applicability of these principles.

Bonbright also identified several practical considerations that designers of rates should have in mind:

w Rates should be simple, certain, conveniently payable, understandable, abtepi the public,
and easily administered.
w Rates should be, to the extent possible, free from controversies as to proper interpretation.

The rate design principles established by Bonbright and Kahn made perfect sense in an era when nearly
all electriciy flowed in only one direction: from utilities to their customers. In light of the industry

changes since the time of those publications, some additional principles, derived from the originals and
adjunct to them, might be adopted to specifically guide taghioning of rates in an environment of
ubiquitous distributed energy resources. They include:

w A customer should be able to connect to the grid for no more than the cost of connecting to the
grid;
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w Customers should pay for grid services and power supglydportion to how much (and when)
they use these services and how much power they consume;

w Customers who supply power to the grid should be fairly compensated for the full value of the
power they supply, no more and no less; and

w Tariffs should fairly bahce the interests of all stakeholders: the utility, the AIBG customer,
and the DG customer.

These principles will guide the examination of various rate designs. It may be true that a single rate
design, applicable to DG customers and Jpamticipants dike, can satisfy these principles, or it may be
necessary to provide separate tariffs for DG customers. In any event, as the proliferation of DG may
result in system investments that are different from the avoided costs resulting from DG, those costs will
need to be factored into rates in accordance with the principles outlined above.

4. Rate Designs for Residential DG Customers

While all the MADRI states are restructured, the details regarding how that works varies from state to
state. For example, the PublUtilities Commission of Ohio oversees a competitive auction for energy
supply to standard service offer customers and approves not only the winning bid price, but also how
that rate is allocated across the customer classes, as well as the rate deiopnmeach customer class.

In the District of Columbia, on the other hand, an auction is used to procuredeasenergy supply for
default service customers, but the Commission only has jurisdiction to set distribution service rates. This
distinction hagesulted in varying views among commissions regarding the parameters of their
jurisdiction and attention.

There are a number of different rate design mechanisms that have been employed or are under
consideration across the country to determine how to lfasompensate and charge DG customers for

their use of the grid and the energy they use and produce. Each of these rate designs will be explained,
followed by a case study and an analysis. We will start with a review of the traditional approach to net
metering, as this is the most common rate design for DG customers. Next, we will consider several
variations on traditional residential rate designs that can be used to at least partially address DG
compensation and utility cost recovery issues. Following, thafariety of rate designs that involve ron
traditional demand charges for residential customers or special demand charges only for DG customers
are considered. Finally, we look at rate designs that offer alternatives to the traditional net metering
approach to compensating customers for the generation from their DG systems.

We begin with a table summarizing the tariffs discussed in this paper. Other designs are undoubtedly
possible, but we believe these are the ones that have been implemented or delpatteel most venues

to date. As noted, some tariffs address primarily issues of compensation to DG customers, some
primarily compensation to utilities, and some reducing peak demand. There is some overlap among
these categories.
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Table 1

Residential Rate Designs

Issue Addressed

Equitable Reduce
Compensation Allocation of  Peak

Tariff Design Basic Features to DG Owner Grid Costs  Demand
Net Metering Balance generation and use, retail rate credit for X
generation
High Customer Charges Decrease volumetric, increase fixed charges
Minimum Bills Customer pays at least a minimum amount that is
credited towards whole bill
Time of Use Rates Cost and payment for energy used and produced X X
reflects values at various times of day, week, season
Monthly Demand Demand charge based on highest use (kW) in month X
Charges
Demand Charges for Demand charge to recover utility infrastructure
Infrastructure Upgrades upgrades
Subscription Demand Customer pays a fee to be connected to the grid,
Charges and the fee increases with power rating of customers
connection
Fees Imposed on DG Flat fee charged to DG customer to compensate utility
Customers for Using for lost revenue due to lower sales
the Grid
Bi-Directional Customer pays a volumetric rate for distribution X X (when
Distribution Rates services whether importing or exporting power combined
with TOU)
Feed-In Tariffs (FIT) Utility pays DG customer for energy produced at fixed X
rate under long-term contract
Value of Solar Tariffs Customer pays full retail price on energy used and X
(VOS) is compensated at commission approved rate for all

energy produced; rate for payment designed to reflect
all benefits of solar (e.g., includes societal benefits)

Note that for some of theseghe box may not be checked because it represents an over or under
payment by the DG customer or over or underpayment to the DG customer.

a. Net Metering

Definition and How It Works

Net metering is the most common design utilized to determine the pricing and payment to DG
customers. Its virtue is simplicity and rough accuracy. A net metering tariff bills the customer, or
provides a credit to the customer, based on the net amount e€teicity consumed during each billing
period (i.e., the kilowathour [kWh] difference between electricity consumed and electricity produced).
Net metering does not require separate metering of consumption and generatiorglieglstional meter
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can be usd to measure net consumption. Net metering rate design allows residential and small

commercial customers who generate their own electricity from solar power and other qualifying DG

resources to get credit for the excess electricity they do not use andiféedhe grid. Typically, DG

customers are allowed to bank this excess electricity production, usually in the form of kwh credits but
sometimes in the form of dollar credits. Customers can use these credits to offset the cost of electricity

they use whertheir systems are not generating enough electricity to meet their needs, and which they

g2dzt R 2GKSNBAAS KI@S G2 LIe& F2NI LG GKS dziAtAdeQa |
of a defined time period, available indefinitely, or may eg@fter some time has elapsed. Net

metering is a state jurisdictional option that involves only retail rates.

The methodology used to value electricity produced by the DG owner has been questameel.

contend that compensating net metering customergtag full retail rate is too generous and that
compensation should be limited to the avoided cost, or generation, ¥dfeOthers say that the value to
the grid and society of customer generation is actually higher than the retailt&tsues to consider
concerning net metering include, among othemhether compensation should be based on the whole
rate, including costs such as distribution costs, or just the retail energy rate; what the retail energy rate
is?°what costs are being avoided due to the geace of DG; and whether societal benefits should be
included in valuing DG production.

There are different views on net metering applicability. Regarding size, sonmetsanetering can appyl
to any project than can fitoh O dz& (i 2 Y SINikzEdingdNIB-MW ardects. Others assert there
should be smaller sitbased net metering limits. What technologies should receive this treatment?
Many focus on solar, but many other-gite generation systems could also be permitted to qualify.

Ifthe DG custom&@ & NI 0SS O NASa o6& ¢h! > (GKSy GKIG 5D Odzad2)
higher rate for production than what the customer pays for consumption. At current penetration levels

PV often produces energy at times when energy is more valuable than whestettigcity is used.

Although this is not always the case, as indicated by the fact that the PJM system annual peak in a

recent yearoccurred at 8 a.m. in Februarnan atypical time. Furthermore, as the penetration of PV

increases, this will have the effeaf altering when the utility system peak occurs. Customers may self

supply during the hottest, sunniest hours of the day, but as the sun wanes, the customer draw on the

utility system will increase, thus altering when those system peak periods occural&3Wvill need to

be assessed periodically to ensure that retail pricing reflects the true peak apeéaitftime periods. It

is a dynamic situation that will require regulatory flexibility to take corrective actions as warrénted.

17Such is the case in Ohio as a result of a Supreme Court demfgieal brought by FirstEnergy Corporation. In that case, the

Court held that the bundled rate for compensation was unlawful in that it required FirstEnergy to compensate the customer for
Oz2zada GKIFIG gSNB dzy NBf I G4 SR § icityi abresitBdyirSaNdindohsditytional Taking. K S  Odza i 2 Y S NI
15. FirstEnergy Corp. v. Pub. Util. Comm., 95 Ohio St.3d 40162 non ® ¢ KS / 2 dzNIi -ganérater SR+ i LI ¢ =
customer of FirstEnergy only generates and supplies electricity; it does not ptoasdenission, distribution, or ancillary

services. It has no allowable transition costs for which transition charges are assessed, and is not responsible fatopdgng i
''YABSNEFT { SNBWAOS CdzyR 2NJ 1KS 9ySNHe 9FFAOASYyOe CdzyR®dE

9See, for example, Ong, S. (20I}e Value of Gri€onnected Photovoltaics in Michigétational Renewable Energy

Laboratory. Available ahttp://www.michigan.gov/documents/mpsc/120123 PVvaluation MI 394661 7.pdf

20 For example, should the energy rate be the Standard Offer Service rate? If a customer has exercised choice and is buying

from a third party supplier, should the price the custonsepaying to the third party be used?

2llLazar, J. (2014, Januarfgaching the Duck to Fljhe Regulatory Assistance Project: Montpelier, Vermont. Available at:
http://www.raponline.org/document/download/id/6977
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Case Study

Netmetering rules apply to Delaware residential customers of Delmarva Power and Light with

generation facilities with a capacity of no more than 25 kW. The facilities must use solar, wind, hydro, a

fuel cell, or gas from the anaerobic digestion of organicamat as their primaryuel source The

systems must be designed to produce no more thanpdi@ent2 ¥ G KS Odza i 2 YSNR& SELISC
consumption. Thisnoderatesthe amount of DG a customer can install under a net metering tariff.

Customers are creditd in kWhs valued at an amount per kWh equal to the sum of volumetric delivery
service charges and supply service charges for any excess production during a billing period. Excess
credits are applied to subsequent billings. At the end of the annualiziuglileriod, a customer may

request payment from Delmarva Power and Light for the excess kWh credits. These credits are valued at
the supply rate only, based on a weighted average.

Delaware law also provides for net metering for aggregated meters (vinetahetering) and
communityowned generating systems, nonresidential customers with systems that do not exceed
specified capacity limits, and for customers of other Delaware utilities. Separate rules apply for these.

Analysis

Table 2 belovsummarizes howet excess generation is compensated under net metering policies in

effect in the MADRI region. More information related to stégel policies in the rest of the country

Oy 0SS F2dzyR 2y GKS LyGSNaaGlr®aS wSySglotS 9ySNHEHE [

Table 2
MADRI State Compensation Rules for Net Excess Generation as of April 2012

Delaware Credited to customers next bill at retail rate. After a 12-month cycle, customer may opt to receive
payment for credit at the energy supply rate.

Illinois Credited to customers next bill at retail rate; granted to utility at end of 12-month billing cycle
(credits expire). Only applicable to non-hourly tariff customers in non-competitive classes.*

Maryland Generally credited to customer’s next bill at retail rate; reconciled annually in April and paid to the
customer at the commodity energy supply rate.

New Jersey Generally credited to customer’s next bill at retail rate; excess generation is reconciled annually at
avoided cost.?

Ohio Credited to customers next bill at unbundled generation rate; customer may request payment for
excess at end of 12-month billing period.

Pennsylvania Credited to customers next bill at retail rate; reconciled annually at “price-to-compare”.*?

Washington, D.C. Credited to customer’ next bill indefinitely at retail rate for systems 100 kW or less, and at

avoided-cost rate for larger systems.

22|nterstate Renewable Energy Council. (2012, ApriBS2afe and Utility Net Metering Rules for Distributed Generation.
Available athttp://irecusa.org/wp-content/themes/IREC/includes/dsinemteed/fs-net-meteringtable.php
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Net meteringas deployed in MADRI states and elsewhere represents a rough balance of considerations
and has accommodated a new practice in its early stages. As DG proliferates, the issue with net
metering, as with all the rate design options, is defining and recogniziue with accuracy typical in

utility rates. The value to the utility system of having DG in place is one issue category. The factors
bearing on DG customers is a second category, such as happttopriately compensate DG customers

for production, anddeciding how to chargBG owners for grid services they use. Investment in the
distribution system may sometimes be necessary because of DG, and those utility costs should also be
part of the net value equation if they are not recovered separately thratglinterconnection process.

Net metering reduces the amount that DG owners pay toward distribution costs, since these costs are
typically charged based on volumetric sales. And finally, net metering rate design does not explicitly
recognize the additionalalues that solar DG may in some cases contribute, such as producing energy at
times of peak system demand or reducing societal environmental édsts.

2 KAES OdzNNByid ySié YSGSNAy3dI RSaradaya NBLINBaSyd 1A
consistent with the principles of good rate design described abAltaough net metering has the

benefit of simplicity, it muddies the question of whether DG customers are paying for grid services in

proportion to their use of those services, and the questof whether DG customers are fairly

compensated for the full value of the power they produce. For example, to the extent that the value of

solar exceeds the retail rate that a DG customer receives for its output, the DG customer is providing a

net beneft to the grid for which it is not being fully compensated. On the other hand, the DG customer

is contributing less to cover the cost of operating the grid by virtue of its diminished purchases from the

utility. Without question, net metering reduces thenaunt of revenue a utility collects through

volumetric sales, a portion of which would normally pay for grid services. In the long run and based on

the cumulative effect of many net metering customers, utility costs may be reduced also. But if in a

particti + NJ OF aS GKS @I ftdzS 2F (GKS 0Odzad2YSNRa 5D 3ISYSNI I
allows the utility to avoid costs in excess of the retail rate), the net effect could be that the customer is
under-compensated by a net metering tariff everotigh he or she superficially appears to not pay their
GFFANI aKIF NS¢ F2NJ ANAR ASNDAOSad ¢KS ySi SFFSOou 27
evidence requiring detailed analysis based on local conditions.

Any redesign of net metering t#ifs should not be biased toward one stakeholder or another. Balance is
key, and consideration should be made to design policies that are not so harsh that they lead to
customers bypassing the grid entirely. The policies should, instead, address thé keepiog DG
customers on the system so that they continue to provide economic and engineering value to the
distribution system. In areas where there is very little PV penetration, current net metering standards
may be sufficient.

Another design concers how to ensure that, if DG makes a sizeable impact on utility sales, utilities
have mechanisms to maintain their financial health including lost revenues. Decoupling, discussed later
in this report, is one such mechanism.

23 This is not to suggest that DG systems always provide these values. One can easily find examples where periods of peak
demand in the MADRI statescurred at a time when DG output was relatively low or even zero.
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b. High Customer Charges

Definition and How It Works

¢C8LIAOFEtE I Odzad2YSNRa oAft sAff KIGS 020K @2f dzyS
is a charge for a commodity service; in this case, electricity that is based on the amount or volume

consumed by the endse custorer. As customers use more electricity their bills increase. In some

tariffs energy (kWh) is the sole volumetric element, while in others there is a separate demand (kW)

element. In nearly every electric utility, volumetric charges also include the cbsilding and

maintaining the grid and its services; that is, these relatively fixed costs are billed out based on volume

of consumption.

A fixed charge, also known as a customer charge, does not vary based on the amount of consumption; it
is the same forll customers in a class. Ideally, fixed charges will only cover the cost that the utility

incurs in order to serve that customer and nothing more. This typically would include just billing and
metering costs and, where applicable, the customer dropifesiback to the pole mounted

transformer.

Some in the industry advocate for shifting costs from volumetric charges to fixed (customer) charges as

a means of recovering lost revenues and financially stabilizing the utility business. This shift, however

simple it may be, would not adhere to rate design principles in that it is not based on cost if resulting
volumetric rates would be below lormin marginal costs, including any of the imputed costs of policy

choices to reflect externalities, and would nobpmnote economically efficient consumption. If

volumetric charges fall, consumption can be expected to increase. Reliance on fixed customer charges

for recovery of norvolumetric costs, therefore, provides completely erroneous price signals not only for

deh aA2ya 2y (KS Odzad2YSNERQ O2yadzYLliAz2zy 2F SySNHeé:

The chart below illustrates this shift in cost from a volumetric to a fixed charge. In this example, the
customer charge starts at $5 per month, which cov@liing and metering, and increases to $20 per
month to include a significant contribution to utility grid costs. In order to keep utility revenues even,
given the increase in the customer charge, the volumetric charge has to go down; otherwise,itye util
would overrecover its revenue requirements.

In this hypothetical example, with a national average residential price for electricity of about $.12/kWh,

a $15 increase in the customeénarge results in a $.03/kWh (25 percgneduction in the energy

(volumetric) charge. This price decrease would be expected to result in higher consumption, as
customers adjust thermostats, delay buying more energy efficient appliances, and generally reduce their
vigilance over energy consumption. With a conservaii2elasticity factor, moving from a volumetric

to fixed charge rate would result in an expected increasmimsumption of approximately 5 percent

Table 3

Impact of Increased Customer Charge

Customer Charge $5.00 7 $20.00
Energy Charge $0.12 ¥ $0.09
Change in Price/kWh -25%
Predicted Change in Usage +5%

M rRAP 2



This cost shift from volumetric to fixed charges would be revenue neutral for @@nustomer (as

long asthe customer does not change consumption); however, it reduces the compensation te a net
metered customer, probably to a figure below lengh marginal cost. It also violates the principle that
grid services should be paid for by all customers in propord their usage of grid services, because

this rate design charges all customers the same monthly fixed amount even though some customers
require significantly less fixed infrastructure than others. For example, it is less expensive for the utility
to serve 20 customers in one large apartment building than 20 customers in 20 detached houses.

Case Study

LY 5SOSYOSN) HamnEI GKS tdzwfAO {SNBAOS /2YYA&daArzy 2
6abD9Qauv FLIX AOFGA2Y (2 itdNBsiomedbz@rgedaniBlightlyiréduclitsi@riedy G 2 A
charge. Under the new rate structure, the monthly customer charge increased from $10.44 to $19.00.

For 2015, the summer energy charge decreased from $0.15222 to $0.14133 per kWh and the winter

energy charg decreased from $0.13992 to $0.13006 per k¥MGE also proposed a grid connection

charge of $4.03 per month, but the Commission declined, arguing that a separate grid connection

charge on the customer bill may be confusing for customers and is unnegéssathieve the stated

32Ffta 2F GKS NIGS NBAGNHzOGdzZNAYy3Id aD9 gl a GKSNBT2NI
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Analysis

Several utilities haverpposed to shift cost recovery from volumetrically based rates to fixed charge

rates independent of sales volume. While this solution to ensuring that the utility receives an assured

stream of revenue from all customers is popular with the utilities, fitoisso with consumer, or

environmental or renewable energy advocatesS S NAY . 2NByadSAyz | NBaLISOGSs
aitlrasSyYySyid GKIG L KFE@S KSFENR | ydzYoSNI 2F GAYSa NBO!
FTAESR OKINHSYQSRQRy2y2O0al ak8y Al DOMovihdustiesthai @ 8GSY ¥
have high fixed infrastructure costs in fact recover those costs (and earn profits) through volumetric
sales, not fixed charges. For example, the cost of an oil refinery is recawegeghllon of gasoline at a
time, and the cost of a passenger plane is recovered one seat at &%ime.

High fixed charges, also referred to as straight fixed/variable rates (SFV), can result in greater customer
usage, which leads to a need for mdeeilities, raising costs for everyone. This rate design also imposes
disproportionately higher costs on loweplume (often lowincome§’ customers in a significant

departure from regulatory practice. Furthermore, a high fixed customer charge subjectst@imers to

a high bill irrespective of their efforts to conserve energy and, therefore, discourages conservation as
illustrated in the hypothetical in Table 3. Raising fixed charges and lowering volumetric charges
increases the payback period and deciesathe value to customers of investments in energy efficiency
and DG.If the volumetric charge is less than the lemgp marginal cost (because the fixed charge is so

24 Before the rate case settlement, these differentials were greater.

25 Quoted from: Wellinghoff, J. & Tong, J. (2015, Februaryiby. fixed charges are a false fix to the utility industry's solar

challengesUtility Dive.Available at: http://www.utilitydive.com/news/tongand-wellinghoffwhy-fixed-chargesare-a-falsefix-
to-the-utility-A Yy Rdzk ocnnuHyk® 2SffAYyIK2FF YR ¢2y3 O2yiAyda®stoe O02YYSyilAa
recovery can be addressed through smarter, more efficient kWh volumetric pricing that accounts for all cost variations due to
timngand2 OF A2y S & 6Sff & SEGSNYyIFtAGASA &4dzOK & OFNB2Y SYA&EA:
26 \Without question, some industries do recover costs through fixed charges, typically in the form of a subscription charge.

Cable television service, for example, has almost always been bitlealgh a fixed monthly subscription rate no matter how

much television the customer watches. However, even in this industry we are seeing the risepef-paw services.

27 Colton R. (2002, April). Energy Consumption and Expenditures bynicome Houskolds. TheElectricity Journall5(3), 7@

75. Available at: http://www.sciencedirect.com/science/article/pii/S1040619002002798.
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high) then customers will behave as if their incremental usage has less of a costteffeit does. This
can result in greater customer usage, which leads to a need for more facilities, raisisigriongtes.

The high fixed charge design falls short on design principles of promoting economically efficient
consumption, promoting innoveon in demand and supply, being free from controversy, and paying for
grid services in proportion to usage. It does, however, provide rate and revenue certainty and is simple.
By contrast, volumetric charges meet the objectives of the principles of priagetonomically

efficient consumption, fairly apportioning costs among customers in accordance with the amount used,
promoting dynamic efficiency, and properly assigning costs in a manner that has been understood and
accepted for generations. Volumetribarges, however, do not reflect the fixed characteristic of costs to
provide service. Later, this paper will look at how time varying rates can aligcaasing peak use with
cost recovery. A small demand charge may be an option in a rate design thaeima small customer
charge and a volumetric charge.

c. Minimum Bills

Definition and How It Works

The minimum bill design combines attributes of a fixed charge, which guarantees a certain level of utility
revenues, with the value of a volumetric rate thaices electricity based on the amount used. Under a

minimum bill design, the customer pays a minimum amount each month for his/her connection and for

a block of usage. The minimum bill guarantees the utility a minimum level of revenue each month from
eachOdzA G2 YSNE Ay Of dzZRAYy3 5D Odza (2 YSNEIT WiklHdoukibé Saa 27F
zero or negative. Because of the guaranteed revenues from a minimum bill, the volumetric energy

charges can then be reduced by a very small amount. Tables#dties how the minimum bill design

would work, compared to low and high customer charge designs.

Table 4

Comparison of Minimum Bill Design to
Low and High Customer Charge Designs

Low High $20
Customer Customer Minimum
kWh Charge Charge Bill*

Customer Charge $5.00 $20.00 $5.00
Minimum Bill $20.00
Per-kWh Charge $0.10 $0.085  $0.099

10 kWh $6.00 $20.85 $20.00

100 kWh  $15.00 $28.50  $20.00

Customer Bills 200 kWh  $25.00 $37.00  $24.80
500 kWh $55.00 $62.50  $54.50

1,000 kWh $105.00 $105.00 $104.00

1,500 kWh $155.00 $147.50 $153.50

2,000 kWh $205.00 $190.00 $203.00

*The minimum bill will only apply when customer’s usage is so low that
their bill falls below $20.

In this example (see the column at the far right of the chart), the low customer charge is maintained, but

a $20 minimum bill fee is overlaid. A very loge customer, specifically one using less than 152 kWh per
Y2YUKE ¢g2ddZ R LI & (GKS PHn YAYAYdzYd ¢KAAa g2dz R YSI Yy
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traditional low-custometrcharge rate design. Customers using more than 152 kWh per month would pay
about the same under a minimum bill rate design or a traditionatéostomercharge rate design.
Compared to a higlhustomercharge rate design, the minimum bill design would cost less for customers
using up to 1,000 kWh per month but more for those gsimeater than 1,000 kwh.

Case Study

Standard residential rate customers of the Los Angeles Department of Water and Power pay a minimum
amount of $10/month?8 At the June residential rate, $10 would pay for about 68 kWh. Thus, only
customers using less than about 68 kWh in a month would be subject to the minimum charge. DG
owners who generate as much as or more than the amount they use would pay the $10 minimum
charge.

San Diego Gas & Electric charges all customers a minimum amount of $0.17 per day. This charge is offset
by energy charges.

In both the Los Angeles Department of Water and Power and San Diego Gas & Electric cases, there is no
separate customer clige. However, the minimum bill could also be combined with a customer charge,
as illustrated in Table 4.

Analysis

The difference between a high customer charge and a minimum bill is that the minimum payment
amount is compared to the customer charge plus tlolumetric usage charge. Once the sum of the
customer charge and the volumetric charge exceeds the minimum bill amount, the minimum bill
requirement is met. The minimum bill only applies when the sum of the customer charge and the
volumetric charge is &s than the minimum bill amount. By contrast, a high customer charge applies in
all circumstances.

The vast majority of customers without DG systems have enough usage that they would not be affected
by a minimum bill. Only a very small fraction of custesnsould have average monthly bills below the
minimum bill threshold and would have increased bills as a result of the minimum bill design. In fact,
only a few percent of customers, accounting for less than one percent of total energy consumption, are
likely to have usage below the threshold amount of 150 kWh per month in the hypothetical illustration
above.This small minority of customers whose bills would be under $20 with a traditional rate design
would instead pay the minimum amount of $20.

It is impatant to recognize that the size of the minimum bill amount is critical. The higher the minimum
bill, the more customers will be affected and the more energy a customer would have to consume to
reach a brealeven point compared to traditional rate desigian the other hand, if the minimum bill
amount is too low, it may not offset the need for the utility to increase rates to offset lost sales and
revenue shortfalls.

The value of a minimum bill concept lies in its ability to produce a guaranteed minimoomnaiwf
revenue from each customer, including customers with DG, without imposing undue costs on the vast

28 os AngeleBepartment of Water and Powetandard Residential Rate schedule. Available at:
https://www.ladwp.com/ladwp/faces/waav_externalld/afr-elecrateschel? adf.ctel
state=hcoz4ka5c 17& afrLoop=37206739964636
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majority of customers. The utility gets a revenue amount it can rely on and all customers avoid being
saddled with high customer charges and theirede consequences.

DG customers would contribute the minimum bill amount, or more, to the system. This could alleviate
the lost revenue concerns associated with net metering under a traditional rate design. Whether the
minimum bill design results ina S NJ LI @ YSy i 62dzZ R RSLISYR 2y (KS
the average output of the DG unit, and the minimum bill payment amount.

QX
>

With regard to the principles enunciated above, a minimum bill will provide both revenue and rate
stability and willbromote innovation in supply and demanid is arguable as to whether it is entirely fair
in terms of its effect on very small users.

d. Time-of-Use Rates

Definition and How It Works

TOU rates are rates that vary by time of day, day of the week, and season of the year in which the
energy is consumed. They are a pricing strategy for reducing energy use at times of high system
demand. By reducing peak demand, utilities may be able tadawailding new power plants that would

be needed only a few times each year. Further, utilities may be able to avoid investments in new
distribution and transmission infrastructure by reducing increases in peak demand. TOU rates can help
avoid or defer cets that would affect all customers.

There are several types of TOU rates:

1 Fixed TOURates are praletermined but vary for different times of the day, week, and season.
Rates are higher during typical times of high demand or high cost, such as sunysebouta
they do not fluctuate based on retime system conditions.

1 Peaktime rebate (PTRJ)f customers reduce demand during specified peak times, they receive a
credit on their bills. The utility establishes a baseline against which reductions would be
measured, and notifies customers in advance of a peak period. Participation by customers
during any given peak period is voluntary.

9 Critical peak pricing (CPR)ke a fixed TOU rate, this rate also includes apeask and offpeak
component but with an adtional critical peak price which is significantly higher than the peak
price. The critical peak price is reserved for a limited number of hours per day and days or hours
per year when the utility system is reaching a high peak or high cost that maytbans¢o
have to bring expensive peaking units online or purchase expensive power. Customers on a CPP
rate will pay a lower TOU rate during noritical peak periods. Typically enroliment in a CPP
design is voluntary, although utilities may establish tarffat place customers on a CPP rate
with an optout provision.

1 Dynamic pricingThis approach offers pricing in blocks of hours that reflect the different
characteristics of costs that occur during those-ftentified blocks. The blocks of hours can be
revised on a daily, weekly, or monthly basis.

f Realtime pricingUnderthismodeE Odza G2 YSNA LI & F2NJ GKSANI St SOGN
wholesale market price. This is usually, but not always, reserved for industrial customers.
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Case Study

Baltimore Gasind Electric offers optional TOU rates to residential and small commercial customers.
Large commercial customers are automatically enrolled in TOU rates. Under these rates, customers are
charged based on the amount of electricity they use and when theytugke rates include different

prices for different periods as follov$:

w OnPeak
Summer: weekdays 10 a+8.p.m.
Winter: weekdays 7 a.rl1l a.m. and 5 p.r® p.m.

w Intermediate-PealO
Summer: weekdays 7 a.#i0 a.m. and 8 p.mll p.mO
Winter: weekdays 14.m-5 p.m.

w Off-PealO
Summer: weekdays 11 p.+i.a.m.O
Winter: weekdays 9 p.r¥Z a.m., Saturday, Sunday, major holidays

5 St I ¢gDekdrendower and Light has a Rféyram for residential customers. During peak periods,
customers receive a $1.25 creélir every kWh of reduced usage below their baseline usage level.
Customers get this credit automatically; they do not have to enroll in the prodtam.

Pacific Gas & Electric (PG&E) in California offers a CPP program called SmartRate. The program is offered

on an optin basis, and customers may opt out at any time. Under the program, customers have rates

that are $0.03 per kWh lower during ngreak times. PG&E applies a $0.60 per kWh surcharge during

critical peak times. Peak periods last from 2 a.m. to 7. P@&E can call 9 to 15 critical peak day events

during the period May to October. PG&E notifies customers one business day ahead of the critical peak

period. Days when the critical peak surcharge applies are called SmartDays. The first year of

participate y A& NA &l FTNBS® C2NJ GKIFdG @SIENE AT | Odzaid2 YSN
g2dd R KIF@3S 0SSy dzy RSNJ 1KS Odzad2YSNRa LINBGA2dza LI |
the difference3 This is sometimes referred to as shadowiriy.

In lllinois, two utilitiesAmeren lllinois and ComEd, offer residential customers a real time pricing option.
Customers who elect this structure pay for the electricity they consume each hour based on the
corresponding wholesale hourly market prickelectricity*?

Analysis

TOU rates communicate tirdeased value to utility customers. Welesigned TOU rates enable and
motivate most customers to take action that is economical and sensible for them to avoid usage at high
prices and to potentially addsage at low prices. In this manner, TOU pricing offers a way for utilities to

2 [ fiAY2NBE DlIa FYR 9f SOGNAROQE ¢AYS 2F 'aS tNAOAYy3IDd ! gL AflofS
http:// www.bge.com/waystosave/manageyourusage/Pages/Fofre)sePricing.aspx

058t Y NI t26SNI YR [AIKGEQE t Sitpl/wewldE8meR& cof/indisiiedsisaveniddR A G & | g A
and-conserveenergy/delawareenergyefficiencyprograms/peakenergysavingscredit/

31t D gsBMartRate Plan. Available fattp://www.pge.com/en/myhome/saveenergymoney/plans/smartrate/index.page

32Plug In lllinoisResidential Real Time Pricing Optighgilable athttp://www.pl uginillinois.org/realtime.aspx
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shave the peaks from their demand. Generally, demand spikes at certain times; significantly higher
levels of generation are needed for just a short period each year to meet nigeitethese peak times. If
these peaks can be reduced or eliminated, utilities may be able to avoid building new power plants or
purchasing power when prices are high, thus benefitting all customers.

Customers must have meters that can measure usage Y\audrder to participate in any of these TOU
structures, although data logging systems that have this capability have existed for decades and millions
of customers in the MADRI states now have advanced digital meters with even greater capability.
However where data logging systems are not in place, it may not be viable to deploy this technology at
the moment as new, more advanced technology may soon become available. This is a ditahina t
confronting the industry when to launch a new technologicsdpability so that the investment is not
subject to obsolescence in the near future as even newer technologies surpass the technology installed.
However, a more htlepth discussion of this issue is beyond the scope of this paper.

DG customers could theorietlly participate in any of the TOU pricing structures noted above. The
introduction of timevarying rates complicates net metering tariffs slightly, but this complexity is
certainly manageable. Instead of billing the customer based on monthly net ecengymption, it

would be necessary to measure net energy consumption in each billing interval for which rates vary,
multiply that value by the applicable rate, and then aggregate those values to obtain a monthly net bill.
The application of credits for nexcess generation would be slightly more complicated, but an easy
solution would be to apply a dollar credit rather than a kWh credit to future bills.

Allowing DG customers to participate ifP@aRorogram would requireadvanced metering infrastructure

These programs require establishment of a baseline usage against which critical peak reductions can be
measured. For PV customers whose energy use is measured on a net basis (usage less production) with a
single meter, a different methodology may be needpedt accounts for when power is produced on the

PV system.

TOU rates address the DG rate principle that customers should pay for grid services based on how much
and when they use them. Given that PV systems will ushalhgducing consumption at higlalue

times of day, TOU rates also at least partially address the principle of fairly compensating DG customers
for the full value of the power they supply.

Any transition to TOU rates from flat rates is generally accompanied by advice to customers on how to
use theirnewfoundchoices and create simple strategies for making the best of the new rates.

e. Monthly Demand Charges

Definition and How It Works

Demandch NHS& I NB | aaSaasS RaxinunuseRf pawér (kW) elza defn¥dJpakind

2T GAYS® ¢KAaA O2y iGNl ada ogA0K SySNHe OKIFINHSaz: gKAOI
or net quantity of electricity consumed (kWh) during each lglireriod (usually monthly). Demand

charges have long been accepted as a reasonable way for utilities to recover fixed costs, because these
charges can better reflect how each customer contributes to fixed costs than energy charges can.

Demand charges arfeequently used in commercial and industrial tariffs but are rarely included in
residential tariffs. This is based partly on the historical challenge and cost of metering demand and
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managing demand data in the days before automated metering infrastruetaseavailable, partly on

the sense that demand charges make bills too complicated for residential customers to understand, and
partly based on the belief that residential customers are less able to respond to the price signals that are
inherent in demand lcarges. For example, it may be difficult to tell the children not to do their

homework on the computer or wash the dirty uniform they just brought home and need that night for a
game because their mother has a casserole in the oven for dinner and ther fatmowing the lawn

with his electric mower before it gets dark. Plus, automated appliances, such as water heaters and space
conditioners driven by thermostats, may kick on at these tinGgsthe other hand,he presence of

demand charges could providiecentives to households to consider the most efficient decisions

regarding consumption during periods with higher costs. Demand charges Demand cliaogesght
encourage households to invest in newechnology appliances whose operations can be mosglga
controlled at highercost times.

Demand charges atgsuallyd  a SR 2y GKS OdzaG2YSNRa KAIKSal | OSNI =
ALISOAFASR LISNA2R 2F mMp G2 cn YAydziSaod {2YS dziAf A,
dza 3S RdzNAYy3I GKS dziAatAdeqQa LISH|T RSYIl y RzAWSNAS2NEBE 6 O
highest usage in any period (n@nincident peak).

a2zyiKfte RSYFYR OKIFNBHS& INB y2NXxIffe aaSaaSR o6& Y
(or noncoincident peak demand) by a demand rate. However, many utilities also apply whag¢dsacal
GRSYFYR NI} GOKSUGde Ly (GK2aS Ol as awhicheverof todzalugisr SNR & |
higher: eitherthe monthlypeak demand or a ratchet value which is based on some fraction (e.g., 75
LISNOSy o 2F GKS Odza (i BeméndXusing Komndalen§ei period & fidéng & LIS | |
ratchets last a full year. There are many possible variations on the idea of a ratchet, but they all have the

same effects on customers: 1) no matter how much the customer reduces their peak demand in a given

month, there is a limit on how low the demand charges can be; and 2) at&nortspike in the

Odza 12 YSNIA& LISI | L2 ¢S NIp&aspétioy, may reSufl B {iighe dexdangd ehartey 2 T F
F2NJ YIye Yzyiaka (G2 02YSo Ciskiivsopfoddesigieatdr dssutatzd LIS NB& LJ
that it will collect sufficient revenues to pay its fixed costs.

In order for a demand charge to be part of a tariff, customers could be required to have meters that
measure usage in specific time intervals (for examiaite afternoon or early evenings during

weekdays), or surrogate data could be used instead. Where interval metering data is not available, any
utility that performs a fully allocated cosif-service study relies on estimates of peak and-peak
demandcharacteristics of rate classes from load research studies, e.g., Lodestar. Those same
characteristics used to allocate demand costs in a-observice study could be used as surrogates to
develop estimates of peak and npeak demand for customers withieach rate class. It could even be
argued that to the extent that interval data is not used as the basis for allocating demand costs in the
costof-service studyrates should not be designed usidgta that conflicts with the data used to

allocatethe costs to be recovered in those rates. A demand ratchet can have a punitive effect on a
customer who has a spike in usage at a single time interval within a month, which could have, for
example, been caused by having visitors at the residence. If that spikeg a high demand charge for

a customer that carries over the entire month or year, it can have an unfair adverse impact on the
Odza 1 2 YBBDWSOAEEf & AT (KS OdiacioenynstiNikatof theSidility. Thizs if 3S A &
demand charges arconsidered for residential customers, a more fair approach would be to add a daily
demand charge rather than a monthly or annual demand charge. A daily demand ratchet will cause that
customer to pay a higher rate for just that one day.
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Demand charges ientivize customers to smooth out thdiour-to-hour electricity use, thus lowering

their own peak usage and demand on the grid, improving their load factor, and lowering the overall bill.
When customers across a utility system respond to this price streidty doing actions such as not

running a dishwasher and dryer at the same time, and adjusting their thermostats, the total capacity
needed for the grid is lowered. Utilities may be able to avoid or defer building additional plants,
distribution lines, andransmission lines as a result; in addition the avoidance of energy use during peak
times puts downward pressure on the overall price of electricity.

Demand charges also compensate the utility for the overall draw on its system and the amount of

capacityit must have available to meet that demand. Yet it is also important to recognize whether an
AYRAQGARdzZ t Odzad2YSNRA aLA]1S Ay RSYIYR A& O2AyOARS
residential customer during a ngmeak hour will not havéhe same effect on the utility as it would

during a peak period. While demand charges work better for larger customers, TOU rates may be a

better option for residential customers since it matches customer use with utility peaks. Alternatively,

TOU rates aald be combined with other demanrblased rate components. For example, generation

supply rates could be TOU based while transmission and distribution rates could have a demand

component.

Case Study

Georgia Power offers sidential demand ratea fairly nev offering. It includes TOU rates and is similar
tod KS daiights dndiweekands rate except, under the residential demand rate, the energy prices
are significantly less for both gumeak and offpeak time periodsand there is a demand charge of $6.53
per kW of peak demand. Peak demand is defined as the highesirdge interval load during the
current month.

The table below compares the rates of these two plansP@ak hours are from 2 p.m. to 7 p.m.
MondayFriday, June through September.

Table 5

Example of Residential Demand Rate Tariff
Georgia Power Comparison Demand and Nights and Weekends

Type of Charge TOU with Demand Nights & Weekends
Customer charge $10 $10
Energy: On-Peak $0.096052/kWh $0.203217/kWh
Off-Peak $0.009754/kWh $0.048490/kWh
Demand $6.53/kW NA

A DG customer could potentially benefit from each of these rates. Under the TOU with Demand
schedule, the DG customer benefits from flattening demand and because its PV system would be
offsetting usage during the more expensive peak period. Under the Nagid Weekends schedule, a PV
customer benefits because its PV system would be offsetting usage during the very expensive peak
period. Neither the DG nor neDG customer would be penalized for using many appliances at once
under the Nights and Weekend schde.
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Analysis

Critics argue that a demand charge based on-coimcident peak demand unfairly penalizes or burdens

customers who use a lot of power during0fiS | | LISNA2Ras> 650l dzasS i(K2asS Odza
ySO0Saal NAf & | RR 1§ 3vhidh K& gedeially Hetefniéneby systebn Péak derdainds.
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curtailing usage when the cost to the system of providing for that usage is high. It also altxsttet

those who are contributing most to peaks in demand.

In the future there may be ways to manage, through smart appliances and other advanced technologies,
the concern that a customer may incur a high demand charge for a temporary spike in powanadiem
during a norcoincident peak time. DG customers may be able to further offset a high demand charge
through reliance on their DG to provide a portion if not all of their peak power needs. The less the DG
customer (or any other customer) needs to leantbe grid during utility peak periods, the greater the
benefit for the system as a whole.

In terms of the principles for good rate design, monthly demand charges can lead to a significant
amount of customer confusion in mass market groups because thesenoers lack awareness of the
demand contribution from their devices, are not used to being concerned with simultaneous usage and
(absent a comprehensive load control program) lack control of significant demand contributors such as
space and water conditiong and refrigeration. Therefore this rate design lacks the simplicity and
certainty customers prefet® The issue of notifying customers when there is a system peak so that they
can respond to their best advantage would require consumer education andzontdogy. On the

other hand, this rate design could promote dynamic efficiency, properly allocate costs to customers who
Ol dzaS aLA1Sa Ay RSYFIYRX YR LINRRdzZOS (GKS NB@SydzSa
here is that customers could beafged for an incidence of high usage occurring at a time when the

utility system can easily absorb that demand. Consequently, demand charges that are not based on
coincident peaks may fail to send the right price signals to align customer usage with sgstem

The implementation of demand charges for all customers also avoids the potential for rate design
targeted at DG customers that could be viewed as punitive, arbitrary, and potentially discriminatory. It
may be appropriate, however, for a TOU ratith a critical peak price to be used in conjunction with a
separate demand charge that reflects the costs of other facilities that have less diversity than the system
peak.

f. Demand Charges for Infrastructure Upgrades

Definition and How It Works

Sometimes a utility will incur extra costs for infrastructure upgrades to accommodate DG, or to bring

service to large homes in rural areas. This rate design features a demand charge for those customers

only that recovers normal billing and collection coptus the cost of necessary infrastructure upgrades.

For example, a distribution transformer might sometimes be required to accommodate a DG unit. The

GNF yaF2NXYSNI Ydzad 06S aAl SR G2 O020SN) 6KS AYRADARdzZ ¢
maximum e, and this rate form seeks to recover that cost in a fixed monthly charge.

33 See, for example: Rubin, S. (2015, November). Moving Toward DeBamed Residential Ratdhe Electricity Journa28(9),
63¢71, and: Springe, D. (2015, Novembeéuistomer Concerns with Implementing Demand R&tesentation at NARUC and
NASUCA annual meetings.
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Case Study
Manitoba Hydro implemented a rate for DG customers to allow it to recover the cost of a transformer
installed to accommodate the DG lo&d.

Table 6

Example of Demand Charges for
Infrastructure Upgrades

Customer Charge

200/Amps andbhel o $7.28
Over 200 AMps . .. .vvvviieeee e $14.56
Energy Charge ... ................. $0.0738/kWh

A variation on thigvianitoba rate is to graduate the customer charge based on the size of the service
such that below a certain size there would be no customer charge. From there, up to a standard size,
there would be a typical customer charge. After that, the customer chaxged continue to rise based

on the size of the transformer. This design would provide payment from the DG customer or the larger,
remotely located homes that are adding costs to the system by having those who are imposing the cost
pay for it.

Analysis

TMma NIGS RSaAdy LI IFOSa GKS AYyONBYSyidlt 02ad RANBO
among all customers. It is analogous to aHax¢ension program where developers or individual
beneficiaries pay the cost of the utility connecting tieenote location to the grid. Note that the

transformer charge may need to be adjusted from time to time to reflect new customers who would
share in the cost of the transformer and/or to retire this charge once the transformer is paid for. For the
DG custmer, this design can be a way to properly reflect the discrete costs that the utility system incurs
on its behalf. It avoids the possibility of a charge that appears punitive, or appears to be a utility attempt
to recover lost revenues not based on a seevprovided. Great care, however, needs to be taken to
ensure that a subsidy is not created where other customers could receive a benefit from the upgraded
facilities.

This rate adheres to cost causation principles by requiring the cost causer to phg fgid connection.
It achieves the objectives of revenue and rate stability, and apportions costs among customers fairly.

g. Subscription Demand Charges

Definition and How It Works
A subscription demand charge is a graduated monthly customer charge Baged i KS Odza i 2 YSND a

34 See, for example: Rubin, S. (2015, November). Moving Toward DeBamed Residential Ratdhe Electricity Journal
28(9), 6871, and: Springe, D. (2015, Novemb&uistomer Concerns with Implementingi2ed RatesPresentation at NARUC
and NASUCA annual meetings.
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rating. France, for example, has long had subscription demand charges and TOU pricing. As new
customers sign up for service, they complete a comprehensive form to estimate their power use. This
estimate is used to determine the eipf their connections and hence their subscription fees, which
increase with their usage. Generally, an apartment owner and owner of a small house would pay $5 to
$10 and $10 to $20 per month, respectively. The volumetric rate is the same for all customer

Case Study
¢tKS NBaAaARSYGALf Gadzoa ONR LIG A 2 y € -ouninel @ilfy indEéaSeR iso & 9f SO
illustrated in Table 7.

Table 7

Example of Subscription Demand Charges

Power Monthly Price
Rating Customer Charge Per kWh
(kVA) (Euros) (Euros)

3 €5.43 €0.17

6 €8.81 €0.17

9 €11.66 €017

12 €17.98 €017

15 €20.63 €0.17

18 €23.73 €0.17

Analysis

The design feature in this method that is of particular note is that larger homes with a largieeseay

a largercustomer chargeThis structure more properly correlates the fixed fee with usage as opposed to
imprecise, large customer charges that are assessed uniformly. Demand charges for customers with
rooftop solar could be adjusted to recognide contribution the solar panels make toward meeting
system peak demand. This rate design adheres to the principles of matching cost with causation and
assuring revenue stability. These are important attributes that should be in the regulatory forefront.

h. Fees Imposed on DG Customers for Using the Grid

Definition and How It Works

Some utilities have recently received authorization to charge customers a fee for using the grid in order
to compensate the utilities for the net lost revenues associated withdalds from PV customers. This

grid use fee, also called a connection charge, can be levied on DG customers. These customers are
characterized by low net use volume with potentially high instantaneous use. They use the grid to buy
and sell their energy anfar its other capabilities. Under this fee design, the grid functions like a toll

road; as long as the DG customer wants to remain connected to the grid and purchase electricity from
the utility, it must pay this fee.

Case Study
Arizona Public Servicegposed a $50 to $100 monthly fee for solar customers. The utility justification
for this charge was that the grid would require specific upgrades like voltage regulators to accommodate
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more DG. This case waasntroversial and ultimately the Arizona Pulsliervice Commission approved a
fee of $.70 per kW, which is equivalent to $4.90 to $7.00 per month for the typical range of residential
solar PV systems.

Hawaiian Electric has proposed a new rate design, with a sharp increase in the monthly customger char

for all residential consumers from $9 per month to $55 per month, and an additional $16 per month for

a2t F N OdzAG2YSNEP® ¢KS FTRRAGAZ2Y T AYLRAAGARZY 2y &az2f|
of additional investments in the grid neededdaocommodate high levels of solar.

Analysis

One of the concerns with regard to a grid fee is that there is no rational basis for it without a
demonstration that DG customers impose special costs on the grid. Rather, the rationale of the utilities
has been® create a tweway toll road out of the grid to seek compensation for what may be covered in
current rates, which reflect a oreay direction. It is therefore inconsistent with the principle that
customers pay for the costs they cause. Grid fees are r@allgy to recover from DG customers the lost
utility revenues associated with them consuming less electricity. Another concern among renewable
advocates is that a high monthly fee would stifle the development of custonstalled PV as it is an

added costhat cuts into the prospective DG customer payback analysis.

While Hawaii is unique in that, as an island, it imports most of its fuel resulting in electricity costs of over
$.30/kWh, high fixed charges will still have the same adverse impacts as dispusgouslyin Section

db@1 AIK / dza G 2.Reullly2@ercdhdiSiagiefamily residential households in Hawaii

KIS &2t N aeadsSya FyR FLIWNREAYFGSte KFHETF 2F (KS |
the middle of the afternoonHawaii, therefore, is in the forefront of PV adoption.

''yfSaa INARR FSSa N’ o6FlaSR 2y | OdGdat O2ad ySi 27F
DG and itdoes not appear that they arethey will violate the principle that a customer sholid able

to connect to the grid for no more than the cost of connecting to the grid. Moreover, while the fees

provide revenue to the utilities, they do not promote economic efficiency in terms of reducing both

short-run and longrun avoided costs.

I. Bi-Directional Distribution Rates

Definition and How It Works

Bidirectional rate design is a new idea gaining curretlrnder this approach, a DG customer pays or
receives compensation for a volumetric rate for distribution system costs for each kwWh of net
consumption or net excess generation within a specified time intéABitdirectional distribution

charges would of course have to be combined with some approach for separately assessing power
supply charges, most likely a modified version of net metering. The combined effect would be that the
customer pays a full retail rat(distribution charges plus power supply charges) for each kWh of net
consumption when importing power. But when exporting power, the custopass the bidirectional
distribution rateand receivegredit at the power supply ratier each kwWh of net genation 3’ All of

35 Arizona Corporation Commission. (2013, December 3). DocketOIB45A: In the Matter of the Application of Arizona

Public Service Company for Approval of Net Metering Cost Shift Solution.

36 This rate would most logically be applied to net consumption or generation on an hourly basis or an even shorter interval,
which allows for a reasonably accurate approximation of how much energy is flowing through the meter in either direction.
37In simila fashion, if a jurisdiction wanted to offer a subsidy or incentive for DG deployment it could potentially provide credit
for exported power at a premium rate greater than the standard power supply rate.
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these values can then be summed, and combined with any other applicable charges like a customer
charge, to arrive at a total monthly bill (or credit).

This rate design requires metering that is able to measure power flows in either direbtast smart
meter systems can do this, but the meter data management systems must be programmed to collect the
data and billing systems must bepeogrammed (at some cost) to manage the data.

Case Study

The authors are unaware of any examples of actitdifectional distribution rates as described herein.
Below is a hypothetical example of a rate design that includesdadaitional distribution charge of
$.05/kWh that applies to all imported or exported energy. It is combined in this example with power
supply rates that vary based on TOU. When importing, the customer pays the power supply rate and
when exporting, the customer receives credit at the same power supply rate.

Table 8

Illustrative Example of a
Bi-Directional Distribution Rate

Directional Pricing Example
Customer Charge Billing and Collection  $5.00/month

Distribution Charge All Delivery Costs $0.05/kWh

Power Supply (Either Direction)
On-Peak Peak and Baseload $0.15/kWh

Off-Peak Baseload Only $0.08/kWh

Analysis

The rationale for bdirectional distribution rates is that the DG customer needs distribution service
regardless of whether he or she is importing or exporting power, and should pay for that service on a
volumetric basis just as customers without DG dwesk charges are assessed basedein

consumption or generation because the customer does not rely on the grid for those kWh that are both
generated and consumed behind the metérbidirectional distribution rate can be advantageous in
terms of adheringdo the principles outlined in this paper, especially as they relate to DG. This is
especially true if the rate design includes TOU pricing for power supphdifebiional rate will result in

the customer paying for grid service at the same retail eeta@ll other customers. At the same time, it

will compensate the customer for net excess generation at a rate that reflects power supply costs (or a
premium rate, if the utility or regulators choose that option) but not delivery costs.

One of the shortconmgs of a rate design based ondiiectional distribution charges is that it assigns
charges and credits to DG based on established retail rates that reflect embedded costs and current
market rates, but might not reflect the potential for DG to avoid lermgerm utility system costdn

order for rate design to reflect this fuller value of DG, it might be necessary to credit net generation at
rates higher than standard power supply costs or to provide compensation outside of utility tariffs (e.g.,
throughcash or tax incentives).
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j. FeedIn Tariffs

Definition andHow It Works

Feedin tariffs (FITsyvere first created to support the development of a nascent renewable energy
industry.A customer with a FIT typically has a ldagn contract with the utility similar to a power

purchase agreement, through which the customer sells every kWh of output from their DG system at a
pre-determined rate for a fixed contract duration. The customer purchases electricity at a standard
retail rate. In most of the FITs adegt around the world, the FIT rate has been designed to allow the
average customer to recover the cost of a typical DG investment over the term of the contract and earn
a return on its investment that is comparable to the returns that utilities earn omstfucture

investments In other words, the rate is based on thedza (i 2SN y 20 GKS dziAf Ad@Q
0§KS a @I t dzS ¢ Tha Aormialk BeaSsyhatBIE rdte pays the customer substantially more
than their retail energy rate and thusffers the customer a better deal than net metering.

FITs have been used to a much greater extent in other countries than in the United States, largely
because US law (Public Utilities Regulatory Policy Act of 1978 [PURPA]) prevents state utility
commissons from ordering utilities to pay more than their avoided costs for purchased energy. (See text
box on FERC jurisdiction.) Most of the FITs adopted in the US more recently have been structured in a
way that sidesteps the PURPA restriction by not haviegstate utility commission set the price that

utilities pay for energy. Instead, the price can be set through market forces, by a state legislature, or by
the utility or its governing board on a voluntary ba¥is.

Case Study

Portland General Electric (PGHErs a FITalled theSolar Payment Option. For residential PV

customers, there was a window for enrolling in the Solar Payment Option, which opened May 1, 2015,
andwas extended through March 31, 2Q1bhis program is distinguished from net meteringhiat
AyadSIR 2F NBOSAQGAY3I 12K oAff ONBRAGA G GKS Odzi:
receive a premium payment from PGE for the energy generated by their qualifying system for the
duration of a 15 year period. The volumetric inceatrate (VIR) is $.227 per kwWh for Hood River County
customers and $.316 per kWh for all other customers for DG units that are 10 kW drHesgoss VIR
consists of two components: (1) a retail bill offset based on applicable volumetric (kWh) chandjé2) a

a net VIR paymentf kWhsexceed the total monthly useheywill be carried forward to the next

month. Total monthly use is defined as net kWh from the retail meter (may be positive or negative) plus
12K FNRBY (KS | dzI f Rafidépantsite chasen in Siffeeat waySdégemdiing on the size
of their PVsystem. Small scale (10 kW or lgssiticipationis made available first through a lottery

based application process and then through a first comedigsted process. Medium scalarticipants
(10-100kW) are either determined through the small scale system or through-adtidn Request for
Proposal process, where bid price is the sole factor in awarding bids. Largpatiipants(greater

than 100 kW) are eligible only through the fmdtion processCustomers in the Solar Payment Option
must have two meters; PGE will insthkkse?®

Analysis
By creating revenue certainty, FITs can support investor confidence through-setomgower

38 For a thorough examination of this subject, selempling, S., Elefant, C., Cory, K., & Porter, K. (2010, JaiRergjvable
Energy Prices in Stateevel Feeth Tariffs: Federal Law Constraints and Possible SoluNatisnal Renewable Energy
Laboratory. Available ahttp://www.nrel.gov/docs/fy100sti/47408.pdf

39 portland General Electric:
https://www.portlandgeneral.com/renewablesfficiency/generate_power/solar_payment/default.aspx
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purchase contract at a rate that is bankable for the developer. This certainty lowers financing costs and
I LINP 2SO0 Qa NI fdavend, RthexdaniiflSatiénd of tNESHIT dmbiyyfalse project costs and
make it harder for DG investors to earn a return. For example, there are open questions about whether
the credits provided for all generation under a FIT represent taxable income and whieitheate

design makes generators ineligible for the 30 percent federal investment tax ¢redit.

Regulators could consider establishing a competitive model for FITs that would use an auction rather
than relying exclusively on an administratively estaldisprice. An auction approach would match

buyers and sellers at the most efficient price and would provide a Qualifying Facilityw@rmore

options to sell its power. It may also free the utility from the obligation to purchase power from the QF
(depending on the size of the facility). The most efficient prices may be determined by setting a quantity
subject to competitivébidding and setting this quantity is a way to meter the flow of DG into the

system.

From the standpoint of the principles, the Ehof the FIT rate will be important. If it is set too high, it

will negatively affect the utility revenues and may raise the question of whether the customer is being
paid more than the full value of what it is supplying. In the PGE case in Sectiomgvenpenroliment is
limited so as to mitigate revenue impacts to the utility. Given that the price is set prospectively over a
period of years, the appropriate price may be difficult to determine because important factors related to
the value DG will haven the system will be hard to forecast.

40 KEMA, Inc. (2008xploring Feeth Tariffs for California: Feed Tariff Design and Implementation Issues and Optiéing

Consultation Report prepared for the California Energy CommissiorB@EXD08003F. Available at:
http://www.energy.ca.gov/2008publications/CEXD0-2008003/CEE€300-2008003-F.PDF

411n an opinion submitted in 2013 to the Arizona Corporation Commission, attorneys for The Alliance for Solar Choice argued

that sellall tariffs are frontof-the-meter sales and that all proceeds from sales of electricity to the utility likely constitags g

income, which would be taxable to DG owners. They also argued that if all electricity is sold to the utility, none ishised by
homeowner and the system would be ineligible for the federal investment tax credit. See Alliance for Solar Choice. (2013,

August 15). Public Comment Letter in Docket NOLE45A13-0248. Available at:
http://www.rabagoenergy.com/blog/files/tas@rizonatax-memo-on-fits.pdf. Proponents 6FITs have argued in turn that FITs

can be structured as behinthe-meter billing arrangements that are not subject to income taxes, and if the personal

investment tax credit were lost the property would be eligible for the 30 percent business invesimerredit and for

benefits of accelerated depreciation. See Wesoff, E. (2014, September 24). Solar Policy Battle: IRS Now Part of Fierce Debate

Over How to Value Solar Pow@reentech MediaAvailable athttp://www.greentechmedia.com/articles/read/SolaPolicy

Battle- IRSNow-Partof-FierceDebateon-Howto-ValueSolarPa Also, an Austin homeowner filed an Informationteet

wSljdzSaid sAGK GKS Lw{ Ay {SLIISYoSNIwunmn alAy3a gKSGKSNI ONBRA
SEOKFyYy3S FT2NJ alfS8S 2F Fff SySNH& 3ISYySNIGSR o0& GKS 26ySNDa ae
on these questions.

2 yRSNJ FSRSNIf g +F vC A& F &aAYFit LI26SNI LINERdAzOGAS FF OAT AG
L2 6SNJ LINPRAzOGA2Y Tl OAtAGEE FT2NJ 0KSaAaS LJzN1J2 a Ssourdeds | IASYSNI GAY
renewable. A cogeneration facility may also be a QF. Linvill, C., Shenot, J., & Lazar, J. (2013, NDesighamy. Distributed

Generation Tariffs Welllhe Regulatory Assistance Project: Montpelier, VT. Available at:
http://www.raponline.org/document/download/id/6898
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FERC Jurisdiction

¢CKSNE NS a2YS K2 g2NNEB OGKIFdG | aodze Fffx
all power from the utility, and then separately sells all power from a DG system) could Figge&
jurisdictional issues. The issue of whether FERC jurisdiction applies is relevant because it cou
affect the rate at which the DG customer could be compensated for his/her production.

FERC has jurisdiction over all wholesale electricitys and sates have jurisdiction over retalil
sales. Federal law (PURPA, the Public Utilities Regulatory Policies Act of 1978 as amended) r
dziAf A0ASa (2 LIZNOKIF &S LI26SNI FNRBY lidzh £t AF&Ay
Generally this rate lmbeen interpreted to mean the cost of generation only; it does not include
other avoided costssuch as the cost of distributiothat are bundled into a full retail rate.

Under net metering rates, customers generally can offset their electusigwith what they
produce during a period such as a billing period, or a year. Because they are offsetting energy
would otherwise have to pay for at the full retail rate, they are, in effect, paid at the full retail ra
for what they produce. Other rate d@gns where the price paid differs from the price of the powe
consumed also fall in this categolyy | & YdzOK & GKSNB Aa | ySdid

Cow/ Q& LRfAOe Aa GKIFIG ySi YSGSNRAy3I altSa |
customers are net consumers of electricity. However, if customers are net producers, the amag
by which their production exceeds use is deemed a whatesalle and isnder FERC jurisdiction.
¢ Kdza O2YLISyal GAzy F2N GkKAa SEOS&a LINERRdAzOG A

If the sellall portion of a rate is determined to be a wholesale sale, the compensation rate usec
determine payments téhe DG owner could be limited to the avoided cost rate, rather than an
otherwise different rate. This issue of jurisdiction is an important one, and not yet settled.

k. Value of Solar Tariffs

Definition and How It Works

The last rate design option we cader here is a fairly recent idea proposed or implemented thus far in
just afew jurisdictions. A value obfar (VOS) tariff combines some of the elements of a FIT with
elements of a net metering tariff.

As was the case for a FIT, the VOS tariff offestomers a predetermined price for each kWh of solar

generation their systems can produce for the duration of a {argh contract. However, the price used

dzy RSNJ I +h{ GFNRARFTF A& y20 olaSR 2y (KS isbamdi 2 YSNDa
on a comprehensive assessment by the utility and/or its regulators of the value of solar generation to

the utility and society, as depicted in Figure 1. In theory, this value could be less than or greater than the
Odza i 2YSNRa NBGFAE NIGSo
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The VOSariff resembles net metering in that it is applied not through payments to the customer but
rather through a bill credit mechanism. These are dollar credits rather than kWh credits. VOS is thus a
net billing tariff and not a net metering tariff. The dollaalue of all consumed electricity is calculated at
the normal applicable retail rate. The dollar value of generated energy is calculated using the VOS as
determined through an administrative process. The customer is billed or credited based on the net of
these two values. Credits are rolled over onto the next bill. Thebilltg aspect is important in that it
(arguably) keeps the utilitgustomer transaction squarely within the domain of retail rate regulation

and avoids the income tax and FERC jurisdidssues raised in the FIT section abbve.

Figure 1:
Two Views of Cost Recovery
Traditional Utility View Solar Advocate View
DG customer “uses” the grid and should pay for it. Value of distributed resource is greater than the retail rate.
$0.20 $0.20
Local Jobs Environmental
Ancillary Services
—Reserves
$0.15 $0.15 —— ———§ i
Losses T
-—Dlstrlbunon
— —Transmission
$0.10 istribution $0.10
—Generation Capacity
— Generation Investment
$0.05 $0.05
—Generation Fuel
— Generation Operating
$0.0 $0.0
Retail Rate DG Value
Case Study

In 2013, Minnesota passed legislation permitting all investened utilities to apply to the PUC for a
VOS tariff as an alternative to net metering, and as a rate available to communitgaodans'* The
legislation specifically required that the valuation take into account energy and its delivery, generation
capacity, transmission capacity, transmission and distribution line losses, and environmentdf value.

The Minnesota Department of Commoe was assigned the task of developing and submitting the
methodology to the PUC for use by the investevnedutilities.*® The document prepared by the
department and submitted to the PUC includes detailed example calculations of the methodology for
eachcomponent part as set forth below:

1 A standard PV rating convention;

1 Methods for creating an hourly PV production tireeries, representing the aggregate output of
all PV systems in the service territory per unit capacity corresponding to the outpuR\éf a
resource on the margin;

43 There remain some who suggest that the sales may be taxable. This might depend on how purchase of energy from the grid
and compensation for energy sold are sttwred in the utility tariff. For more information on this issue, see the taxation
RA&0Odzaa A2y ADrecfoSalliskiBution Rake®E & . A

4“MN Laws 2013, Chapter 85 HF 729, Article 9, Section 10.

45The City of Austin looked at similar variabledliding system loss savings, energy savings, generation capacity savings, fuel
price hedge value, T&D savings, and environmental benefits.

46 See Clean Power Research for the Minnesota Department of Commerce. (2014, Adiitigsota Value of Solar:

Methodology.
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and effective distribution capagi
1 Economic methods for calculating each value component (e.g., avoided fuel cost, capacity cost,

etc.);and

Requirements for calculating the electricity losses of the transmission and distribution systems;
Methods for performing technical calculations for avoided energy, effective generation capacity,

1 Requirements for summarizing input data and final calculations in order to facilitate PUC and

stakeholder review’

Tables 9 and 10 show which potial components are and are not included in the Minnesota VOS
methodology, along with an explanation of the basis on which the component value can be determined.

Table 9

Components Included in Minnesota VOS Methodology

Value Component

Avoided Fuel Cost
Avoided Plant O&M Cost
Avoided Generation

Capacity Cost

Avoided Reserve
Capacity Cost

Avoided Transmission
Capacity Cost

Avoided Distribution
Capacity Cost

Avoided Environmental Cost

Voltage Control

Integration Cost

Basis

Energy market costs
(portion attributable to fuel)

Energy market costs
(portion attributed to O&M)

Capital cost of generation to
meet peak load

Capital cost of generation to meet
planning margins and ensure reliability

Capital cost of transmission
Capital cost of distribution
Externality costs

Cost to regulate distribution
(future inverter designs)

Added cost to regulate system frequency

with variable solar

471d. at 3.

Legislative Guidance

Required (energy)
Required (energy)
Required (capacity)
Required (capacity)
Required
(transmission capacity)

Required (delivery)

Required (environmental)

Notes

Includes costs of
long-term price risk

Future (TBO)

Future (TBO)
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Table 10

Components Not Included in Minnesota VOS Methodology

Value Component Basis Legislative Guidance Notes
Credit for Local Local tax revenue tied to net solar jobs Optional
Manufacturing/Assembly (identified in legislation)

Market Price Reduction Cost of wholesale power reduced in

response to reduction in demand

Disaster Recovery Cost to restore local economy (requires
energy storage and islanding inverters)

The last step of the methodology calls for the conversion of thgez levelizedvalue of these

components to an equivalent inflatieadjusted credit. The utility then uses the figgear value as the

credit for solar customers and each year thereafter adjusts using the latest Consumer Price Indéx data.
Finally, in order to ensure tresparency, the methodology proposed by the Department of Commerce
included two specific tables: the first was data of utiifyecific input assumptionand the second was

the utility-specific total value of solar.

The PUC approved the departmemioposedmethodology in March 20¥% however, as of early 2015,

no Minnesota utility had adopted the voluntary VOS tariff in lieu of net metefiiigis is because the

VOS yields less revenue to the DG customer than the combination ofraateted rate plus the rarket

value of the renewable energy credits. This circumstance may change over time if there are changes in
the retail rate, the VOS, or the price of renewable energy credits.

Analysis

Generally speaking, the VOS serves an important role by carefulljndeibeg the economic value to

the utility system and society of energy produced by a solar DG system. There is a lot of controversy
regarding net metering where some are claiming that customers who receivenetsred rates are
overcompensated. A VOS hae tbenefit of demonstrating whether that nebetered customer is being
over or undercompensated by determining the value of the energy sold back to the utility. In cases
where the retail rate is less than the VOS, the customer who is compensated atdieate will

receive less than the value. Conversely, if the retail rate is greater than the VOS and the customer is
compensated at the retail rate, they will receive a payment that exceeds the value of the solar they are
providing. A VOS will encouragmovation in supply and demand since the calculated VOS gives
consideration to environmental and other benefits. One of the drawbacks of VOS is that the value is very
complex to calculate, as can be seen from the Minnesota example. However, once thesvalue
calculatedits translation into a VOS tariff is simple.

481d. at 4.

49The Minnesota Department of Commerce committee submitted the draft methodology on the VOS tariff to the MN Public

Utilities Commission (PUC) in January 2014. The PUC approved the methodology at a hearing on March 12, 2014, and posted

the written order appovingit on April 1, 2014. See Cory, K. (20 yy Sa2 it =+ f dzSa {2t NJ DSYSNI (A 2y
{ 2 f I NENREL: AN&ildbEe dttps://www.nrel.gov/tech deployment/state local governments/blog/vesries_minnesota

501d. To facilitate a possible future transition to a VOS rate, the Minnesota PUC directed the parties:

to engage in further discussions and to file comments by October 1, 2014, regyéndi appropriate adder, if any, to apply in

conjunction with a proposed valuef-solar rate to ensure compliance with the community solar garden statute, including, but

not limited to, a requirement that the community solar garden plan approved by tlmen@ission reasonably allow for the

creation, financing, and accessibility of community solar gardens.
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5. Other Tools

In addition to tariff design, other tools are available to help increase the value of DG for the customer
who is making that sizeable investment or to offset utility revenue loasdseffects on notbG

customers. Developing new revenue streams for DG customers that do not increase costsEgs non
customersor that offset utility expenditures that would have incurred in the absence qfdbés

important factors to explore. As reguitas look for solutions to utility claims of revenue erosion and
consumer advocate concerns that rates will increase, attention should be given to optimizing the value
of DG and compensating for it in a way that createswiim solutions.

Moreover, ratedesign is a separate issue from revenue sufficiency, and with the growth of DG these
issues have gotten conflated. Separate tools that could address utility revenue concerns should also be
explored We discuss just a few options here

a. Decoupling

Log revenues associated with increased DG penetration are a key concern voiced by the utility industry.
Regulators, utilities, and stakeholders have attempted to address this issue in different ways,

predominantly through decoupling or SFV rates. Both o$¢heechanisms address the throughput

incentive for distribution utilities, but only decoupling does so in a way that is equitable to all customers

YR aAyYdzZ GFyS2dzafte LINSASNYSa (KS Odzad2YSNRa AyOSy
SFV ratelesign frequently results in volumetriharges that are below the loagin marginal cost.

When that occurs, there is no signal to the customer of the true price to be paid for high consumption in

the form of the need to add more generation.

Definition and How It Works
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recovery from sales and thus removes tltdity incentive to increase sales. It adjusts utility rates

(prices) between rate cases to account for changes in sales volumes and relies on the revenue

requirement from a recent rate case as a fulcrum. Decoupling does not change the way in which a

utit AGeQa tft26SR NBEOSydzSa o0APSOH (KS aNBGSydzS NBIjdz

What is innovative about decoupling when compared with traditional regulation is that it combines with

a defined revenue requirement to eliminate saletated variability in revenes. It thus eliminates not

only weather and general economic risks facing the utility and its customers, but also potentially adverse
financial consequences flowing from successful investment irusedenergy efficiency and DG

deployment.

Table 11 offerswn illustration of how decoupling works:
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standing methods that need noelrecapitulated in detail here.
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Table 11

Simple Example of a Decoupling Adjustment

Periodic Decoupling Calculation

From the Rate Case

Target Revenues $10,000,000
Test Year Unit Sales $100,000,000
Price $0.10000

Post Rate Case Calculation

Actual Unit Sales $99,500,000
Required Total Price $0.1005025
Decoupling Price “Adjustment” $0.0005025

Decoupling is generally symmetrid sales go up resulting in revenue in excess of planned amounts, the
price adjustment is negative. Generally, adjustments to rates have been in the one to three percent
range, vith the bulk around one percertt>

Case Study

In 2006, a MADRI workgroup producetfadel Rate Rider for a Revenue Stability Adjustment Féfctor
The MADRI model provides detailexyenueper-customerdecoupling formulas. Given the nature of

the electricity markets in the MADRI jurisdictions, the model rate rider suggests separate revenue
stability adjustment factors for demand charges and energy charges. Electricity rates in the District of
Columbia, Maryland, and Ohio now include decoupling mechanismsvidta informed by the MADRI
model rate rider. Additional decoupling case studies from jurisdictions outside of the MADRI states can
be found in a more recent publication by the Regulatory Assistance PPdject.

Analysis

Rate design is best used to signal value and fairness to customers. It need not be used for the purpose of
recovering revenue eroding from distributed resource deployment, as it is unlikely to yield a fair

correlation between cost andostcauser. Lost reanues can therefore be addressed separately.

55S02dzLX Ay3 Oly o6S Iy STFFSOUALBS ¢l & (2 SEtAYAYI OGS dz
point of utility opposition to DG and energy efficiency. It provides a way for a utility to maintain its

52 Sixtyfour percentof all adjustnents are within plus or minus two perceot the retail rate, which amounts to approximately
$2.30 per month for the average electric customer. Across all electric and gas utilitiedf afjdstment frequencies, 62
percentof the adjustments were surcharges while @& centwere refunds. Morgan, P. (2012).Decade of Decoupling for US
Energy Utilities: Rate Impacts, Designs, and Observappn&:3. Graceful Systems LLC. Available at:
http://switchboard.nrdc.org/blogs/rcavanagh/decouplingreportMorganfinal.pdf.

53 For more information on the mechanics of decoupling, see Lazar, J., Weston, R., & Shirley, WRé2@bie Regulation and
Decouplng: A Guide to Theory and Applicatiédontpelier, VT Regulatory Assistance Projéotailable at:
http://www.raponline.org/document/download/id/902

54 For more on the MADRI model, séutp://sites.energetics.com/MADRI/pdis/Model Revenue Stability RateRider 2806
16.pdf

55 Migden-Ostrander, J., Watson, B., Lamont, D., & Sedano, R.,(202iDecoupling Case Studies: Revenue Regulation
Implementation in Six Statdglontpelier, VT Regulatory Assistance ProjeAtvailable at:
http://www.raponline.org/document/download/id7209.
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revenue to cover its service responsibilities even when sales decrease; as a result, decoupling can
eliminate the cost of frequent rate cases, a cost borne by customers

b. New Cost-of-Service Studies

Definition and How It Works

One of the inputs in designingtess and allocating costs is the castservice study. Economists and

utility rate experts may debate the use of particular modeling approaches and methods, but the concept
that utility service should be based on cost is at the core of determining themehtness of rates.
Costof-service studies are idepth analyses of costausation. A cosbf-service study will examine the

costs on the system by function (generation, transmission, and distribution) and what/who is causing
that cost. It will look at mbedded and/or marginal costs for service and it will examine the costs on the
system by customer class. Some costs are driven by the number of customers while others are driven by
usage, and still others are driven by the coincident peak or other alllmatocosof-service study can

help identify any new costs associated with the addition of DG and it could also examine potential
benefits of DG, such as locating DG in a constrained area as a solution to a need that would otherwise
require upgrading a feder, installing a new transformer, etc. Cadftservice studies that break out a

subset of customer classes to arrive at the cost of service for partial and full requirements customers
separately may offer a new view useful for developing rates thatareahd equitable in recovering

utility costs. Establishing an appropriate cost to provide service todtdlus partial requirements

customers potentially establishes the most equitable and-d@mtriminatory basis for rate design.

Case Study

Energy andnvironmental Economics conducted a detailed analysis of theofestrvice implications
with net energy metering customers the state %6 At the direction of the California PUge firm
analyzed the net metering programs for each of the three largestor-owned utilities, with over
150,000 net metering customers and total installed capacity of 1,300 MW through the end of 2012.

Afullcostof-da SNIDA OS | d4aSaavySyid O2YLI NBa (KS dziaftAadeqa Oz
Odza (i 2 Y S NI payneidi diilityf costs df service are emulated from the methodology that each

utility used in its most recent general rate case. The-ocbstervice assessment compares the actual bills

that net metering customers pay to the utility costs (includinxgdi costs) needed to serve those

customers.
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of service before the installation of DGHowever, Energy and Environmental Economics found that the

gap between bills and the full cost of service shrank dramatically after considering the installation of the

DG resource. Whereas total annual bilsre $175 million in excess of the full cost of service before DG,

the difference is only $23 million after DG installation for residential customers. The relative changes to

bills and full cost of service, however, are not uniform across all utilitiecastdmer sectors.

5 CA PUC. (2013, September ZRlifornia Net Energy Metering (NEM) Draft Go®@ T ¥ SOl A @ S yASailable &:@ I t dz G A2y @
https://ethree.com/documents/CSI/CPUC NEMafd Report 926-13.pdf
571d. at 9.
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With renewable DG, net metering residential customers papé@@entof their full cost of service
compared to 154ercentbefore DG, and neresidential net metering customers pay 1f8rcent
compared to 12%ercentbefore DG.

This cosbf-service study, thus, was able to analyze how the net metering tariff affected recovery of full
cost of service.

Analysis

The growth of DG raises questions of equity and revenue recovery. This paper has examined various
tariff designs under dcussion that would address DG cost and recovery issues. Some tariffs, net
metering for example, price electricity at the same rate for what is produced and sold. A FIT tariff, by
contrast, assigns a contractual value to energy produced by DG. Minimsyririmheases in fixed

charges, and subscription demand charges all seek to recover costs from DG customers to make up
revenue that utilities lose because of lower sales volume. Yet these charges and prices are all
approximations, and do not in themselvessare a fair assignment of costs between DG andDGn
customers.

Because cosbpf-service studies break out classes of customers and examine costs that each cause and
the benefits that each provides (e.g., PV contribution to peak load), they can be & toséfior

designing and evaluating the various possible DG tariff designsofzestvice studies are at the root of

most if not all rate designs in place today. Their vintage may be recent, suggesting good alignment
between rate design and cost causatjor ancient, indicating that this relationship is inaccurate. The
process of executing a cesf-service study for a typical utility is arduous and expensive, which accounts
for their usually being done on cycles from three to ten years, where thipripity. A reasonably

accurate relationship between rate design and cost causation makes for a strong foundation for fairness
and for the other solutions discussed in this paper.

c. DG Distribution Credit

Definition and How It Works

DG can provide a myriad system benefits, and therefore it is important that these values be
guantified and compensated in order to ensure its continued contributions. Like any other investment,
DG needs to be economically sustainable on its own merits for customers to cotdirngage. One of
the ways that DG can contribute to the system is through being strategically located in constrained areas
or areas that require distribution system upgrades. While average distribution rates might be on the
order of $.025 per kWh, margahdistribution costs vary substantially from one place to another and
from one time to another, and can range from zero to substantially more than $.200 pefdwkome
cases DG can be a smart economic alternative to distribution system upgrades, thbagto date

been underutilized as a solution. However, this option is beginning to be explored in a few state
proceedings and discussions on this topic are being included in conferences across thé&®nation.

Two of the mechanisms for recognizing the eatii DG are daveraged distribution credits and
distributed resource development zones.-Beeraged distribution credits would work through a utility
program in which the EDU geographicallyad@rages distribution costs and provides financial credits to

58 Moskovitz, D. (2001, Septembeb)istributed Resource Distribution Credit Pilot Programs: Revealing the Value to Consumers
and Vendors

59 For more information, see NY PSC. Reforming the Energy Vision. @4sg104. Aailable at:
http://www3.dps.ny.gov/W/PSCWeb.nsf/Al/CC4F2EFA3A23551585257DEAO07DCFE2?0penDocument
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DG installed in a particular area. The credit amount would be based on the distribution cost savings
resulting from installing DG. The credits would be limited in duration and size so that they could match
the timing and need for distribution system reiné@ments. For example, credits might be available up

to a certain number of MWs in a given area so as to meet the amount of DG support needed. The
amount of the credit could be up to, but not in excess of, the value of the savings that accrue from
deferring or avoiding the distribution upgrade in a given area. Therefore, the size of the credit could vary
based on the specific facts and costs in any of the di®as.

Distributed resource investment zones would work hamgjlove with the deaveraged distributin

credit by having a standard credit for specific geographic areas. A competitive bidding process could be
employed in which qualified DG customers bid to locate in a designated geographic zone to obtain the
credit. Note that to obtain the credit, the Déstomer would need to meet a number of criteria set

forth by the utility relating to operating and performance standards; meeting milestones for installation;
minimum and maximum capacity made available; duration of the DG unit; and being subjected to
monitoring and evaluation to ensure performance, among other criteria.

d. PerformanceBased Regulation

All regulation is incentive regulatidh The formula used to allow utilities to meet their revenue

requirements plus a reasonable return for shareholders getelent on how they are compensated.

The traditional ratemaking formula rewards utilities through providing a return on investments in assets

and also through increasing sales. Performabased regulation realigns the signals sent to utilities

regarding low they can increase earnings. It rewards utilities for performance that furthers public policy
objectives. There are a number of ways to design performance metrics, but this is beyond the scope of

this paper. In broadrush terms, however, part of a uilié¢ Qa4 NB G dzN}y F2NJ aKIF NBK2f RS
its performance under metrics established by the regulatory authority in a proceeding. Examples of

metrics can include reliability measures, energy efficiency performance, policies and procedures for DG,
custamer service, eté?

60 Moskovitz, id.

61 Bradford, P. (1992). Foreword. In S. Nadel, M. Reid, & D. Wolcott (&3, dzf | (i 2 NB y OSyiAr@Sa ¥T2N)I 58y}
(ixgxi).Wasth y 3 2yX 5/Y ! YSNAOLY [/ 2dzyOAt F2NJ Iy 9yS$S .Hen9¥¥7\ OASyild 9¢
V@At otS FGY KOGLIYkkgood OSSSP2NBkaAGSax Fldzf Gk FAT S&ak LIzt A
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62\Whited, M., Woolf, T., & Napolean, A. (2018jility Performance Incentive Mechanisms: A Handbook for Regulators.

Synapse Energy Economics. Availabl@#p://www.synapse

energy.om/sites/default/files/Utility%20Performance%20Incentive%20Mechanisms%P084 0.pdf
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6. Conclusion

As energy technologies continue to advance and offer more options to customers, getting the rate
design for DG customers right will be increasingly important. In some states, such as Hawaii, there is
already a lot of PV &uity; in others, solar PV is in its nascent stages. Thus the need to address these
issues and the steps taken with some utility rate designs vary from jurisdiction to jurisdiction.
Nevertheless, the cornerstones for developing rate designs for DG cust@ineuld include the

following:

1 A customer should be able to connect to the grid for no more than the cost of connecting to the
grid,

1 Customers should pay for grid services and power supply in proportion to how much (and when)
they use these services ahdw much power they consume;

1 Customers who supply power to the grid should be fairly compensated for the full value of the
power they supply, no more and no less; and

{ Tariffs should fairly balance the interests of all stakeholders: the utility, theDf®oustomer,
and the DG customer.

Evaluated through this prism, there are several rate designs that fall short. For example, a rate design
based on high fixed customer charges may satisfy the utility desire for guaranteed revenues, but it does
not do so in ananner that is fair to all customers. It does not adhere to policy objectives of conservation
and, importantly, it is not based on cesausation. While this rate design has gained some traction as an
easy, simpleéo-administer solution, it lacks accuraagd accountability. Imposing arbitrary fees on DG
customers for using the grid is equally devoid of a rational cost basis and this rate design suffers from
some of the same infirmities that plague high customer charges. Grid fees are also likely tavdut lvye
many customers as simply a barrier imposed by utilities to prevent, or mitigate, the development of DG
resources that pose a threat to revenue recovery.

For a rate design to withstand some test of time and gain acceptance, it has to not only smlbastc

rate design principles, but it must also provide ldagm equitable solutions for the DG customer, the
non-DG customer, and the utility. Providing an advantage to one stakeholder group at the expense of
another is unlikely to succeed as a lelegm strategy.

Other rate designs discussed in this paper come closer to offering a balanced solution for all
stakeholders. Many of these rate designs are premised on the DG customer paying the full retail rate for
energy consumed. That is the easier pafrthe equation. The more challenging part is determining the
appropriate level of compensation paid to the DG customer for power provided to the grid. There are a
number of ways this can be calculated. The most prevalent mechanism that has been useckliisie

net metering. This has come under scrutiny recently with its detractors claiming thatetetred

customers are being subsidized. Others disagree. However, the important point is that what is most fair
is to independently determine the value thfe power provided from DG. The relationship between the
value of the DG unit to the grid as compared to the retail rate will determine whether a DG customer is
being over or undercompensated for the power he or she is providing. If the value providdaiGys

higher than the neimetered rate, then the DG customer may be undempensated; and conversely, if

the value provided by DG is lower than the mme¢tered rate, then the DG customer may be over
compensated.

@ RAP’ a7



There are different mechanisms for detemirig the appropriate compensation to give a DG customer.

And while net metering is being questioned in some jurisdictions, it nevertheless represents a rough
justice premised on the assumption that the rate paid by the customer is equal to the value of the

power being produced from the DG system. More precise quantification can occur through a VOS
analysis. This analysis looks at all the value provided by a PV system, which may include a variety of
externalities that may not typically be considered in anided cost calculatiof A VOS analysis that
includes externalities will more likely than not result in a rate that is higher than-ene&tred rate.

Moving away from net metering and its simplicity requires an assessment of whether improved accuracy
in compensation is worth a reduction in simplicity.

Another factor to be considered on a jurisdictibgjurisdiction basis is how advanced the solar market

is in that jurisdiction. States with very little activity may want to consider more robust rate ddsigns

FITs to help spur the market. On the other hand, utilities and regulators irdeedioped solar markets
might find such tariff designs unnecessary and prefer a different approach to determine the right pricing
F2N) GKS 5D OdzaG2YSNRa L}k g SN®

A rate design worth serious consideration is the deployment efliectional distribution rates applied

to all net consumption or net generation, combined with TOU power supply charges and credits. Under
this approach, the DG is paying a more accurately determiostifor the power it is consuming and at

the same time being similarly compensated for the value to the utility of the DG power it delivers. It
results in the customer being compensated appropriately if it helps the grid during peak hours by
providing paver, but it also charges that customer an-peak rate for drawing power during peak

times. Complementing this rate design with a small demand charge that recognizes that the cost to the
system varies based on the size of the customer would also be apgt@pr assist the utility in

recovering costs from DG customers and large users.

Rate designs will need to be monitored and adjusted as customer loads continue to change and shift
both in terms of volume and time of use. Revenue requirements and grabilély will also need to be
closely monitored. Revenue needs can be addressed outside of rate design. Mechanisms that could be
explored as part of a power sector transformation initiative include decoupling, newotsstrvice

studies, distribution creits, performancebased regulation, optimization of utility efficiency, and

creating mechanisms for DG to support the utility grid infrastructtfre.

DG has an important role to play where it can be a lower cost option than what the utility would
otherwise nvest in for infrastructure and generation upgrades. It is an alternative that should be
considered in resource planning where it can produce savings for all customers. Viewed in that light, it
is incumbent upon the utilities to optimize the efficiencytioéir operations so that as they receive less
revenue, they also require less revenue. If DG is an alternative to utility investment, then rate design
must communicate to customers the value that makes this substitution efficient. Rates should not
promote uneconomic bypass in which marginal rates are too low and economic utility investments are
squeezed out. Nor should it promote uneconomic stasis in which marginal rates are too high and
uneconomic utility investments are chronically occurring.

63 An exception would be in cosffectiveness screening of energy efficiency programs where the societal test is used to
calculate such benefits as environment, healthality of life, impacts on the economy, etc.

64 For more details, refer to: Lazal. &GonzalezW. (2015, July)Smart Rate Design for a Smart Futuiiee Regulatory
Assistance Project: Montpelier, VT. Availablenép://www.raponline.org/document/download/id/7680.
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For regulatrs, the challenge lies in balancing shtmtm customer costs with lorterm system benefits
and getting the price signals correct. In establishing rate designs, regulators should consider the
following points:

1.
2.

o ok

Does the rate design fairly allocate costatcordance with who is causing the cost?

Does the rate provide the proper price signals so that appropriate attention is paid to system
costs and needs so as to avoid uneconomic investments?

Does the rate provide proper price signals so that customeyspaccordance with the costs
they are causing on the system?

Is there fair and reasonable compensation for those providing a service/benefit to the grid?
Does the rate fairly consider the energy burden fordmaome customers?

Are there policies in pce to address utility revenue shortfalls and to reward the utility for
implementing practices that increase its operating efficiency and advance public policy goals?

Rate designs that can affirmatively answer the above questions will have a higheobkealihsuccess
as DER alternatives continue to gain traction.
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