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ABOUT MADRI

The Mid-Atlantic Distributed Resources Initiative (MADRI) seeks to identify and remedy
retailand wholesale markétarriers to the deployment of distributed generation, demand
response, energy efficiency, aedergy storaga the Mid-Atlantic region.

MADRI was establisheth 2004 by the public utility commissions of Delaware, District of
Columbia, Maryland, New Jersey and Pennsylvania, along with ®eéddpartment of Energy
(DOE), U.S. Environmental Protection Agency, Federal Energy Regulatory Commission (FERC)
and PJM Interconnection. The public utility commissions of lllinois and Ohio later became

active participants. MADRI meetings are organized awdifated by thdRegulatory Assistance
Project with funding romDOE.MADRI 6 s gui ding principle is a b
resources should compete with generation and transmission to ensure grid reliability and a fully
functioning wholesale edgric market MADRI provides a venue to identify and consider

different perspectives and possible solutiondistributed energy resourcéallenges in a
collaborative setting, outside of contested cases and hearing rooms. MADRI meetings are free,
open toall stakeholders and the public, and webcast live for those who cannot attend in person.
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EXECUTIVE SUMMARY

To be drafted aftestakeholder comments are received bodyof report isrevised, but before
final draft iscirculated for steering committee review and acceptance



l. INTRODUCTION: PURPOSE AND SCOPE OF THIS GUIDANCE

The modern electric power system is undergoing a sea change that is transforming the
generation, distribution, and consumption of electricity. hedbgical advances, falling prices,
changing business models, regulatory reform, the drive to develop aesient grid, and
evolving attitudes toward the natural environment are the underlying causes of this
transformationin particular,the integraibn of Distributed Energy Resources (DERB)o the
electric power system by utilities, independent power produaedsenergy consumeis
profoundly changindnow we plan, build, and operate the systéhese new resources pose a
challengeandanopportunity for distribution utilitiessystem operatorsnd regulators.

This manual is designed to assigility commissions irthe restructured jurisdictions that
participate in the MieAtlantic Distributed Resources Initiative (MADRNvith guidingand
overseeing theevelopnent ofintegrated Distribution Plans (IB)for electric utilities®

Prior to restructuringhe distribution portion of gertically-integrated electriact i | i t yds syst
typically received less regulatory scrutitihanthe gereration and transmissiqrortions. This

made sense, because transmission and generation investments often had more significant rate
impacts than distribution investments and there were few Distributed Energy Resources (DERS)
seeking to integrate with thaility system.

In restructured jurisdictionspmmissions generally have limitedithorityover generation and
transmissiorbutretain full jurisdiction over distributioservices andates.This naturally leads
those commissions to focus on the distiityu system. Furthermore,n t oday 6s wor | d,
distribution system has become the center of attention due to aging infrastructure and tbe need
interconnect eveincreasng numbers of DERSs to the griddd to this the introduction afew
technologieswhich change the nature lbbbw the distribution grid functiomand operads
Regulators, utilities, DER providers, consumersd other stakeholders arew facing a number
of new challenges relaf to the distribution gridincluding:

1 Theneed to replace aging infrastructure

1 Coping with decreasing overall loads artdity revenuesn many jurisdictions

1 A greater emphasis on reliability given tihereasedmpacts of outages on customers

and communities
1 A need for resilience at thastribution system level

1 The term DER is broadly used but may be defined differently in the statutes, regulations, or policies of each
jurisdiction. The term virtually always encompasses bettiegneter distributed generation and electricity
storage. In some jurisdictions, it gnalso include some combination of demand response, energy efficiency,
electric vehicles, and ifront-of-themeter generation or storage resources that are interconnected at distribution
voltages.

2 The participating jurisdictions are the District of Quhia (DC), Delaware (DE), lllinois (IL), Maryland (MD),
New Jersey (NJ), Ohio (OH), and Pennsylvania (PA).

8 Throughout this document and in much of the literature, the acronym IDP is used interchangeably to refer to either
the planning process or the riéant plan. The specific meaning should be clear from the context of each usage.

4The term DER is broadly used but may be defined differently in the statutes, regulations, or policies of each
jurisdiction. The term virtually always encompasses bettieemeter distributed generation and electricity
storage. In some jurisdictions, it may also include some combination of demand response, energy efficiency,
electric vehicles, and ifront-of-themeter generation or storage resources that are interconnedisttitition
voltages.



1 Incorporation of new utility scale technology suchadsancedneteringinfrastructure
(AMI), distribution automationandmoving from a radial distribution system to a mesh
distribution system

1 Increasing DERssuch as customer ownsdlarphotovoltaic(PV) generation, energy
efficiency(EE), demand respong®R) including whole house automation, and storage,
both electric and thermal

1 Embedded interclass anttraclasssubsidy anequity issues

1 Increased steholder interest iand importance aistribution planning and utility
distribution investmentsand,

1 Accommodating tweway flowsof energy(and informationjon distribution systems that
were originally designed for singtiirection flows.

This is a formidable list of challenges, especially given the need to create a distribution system
that works for all stakeholders, including the utility. Even so, most commissions have until
recently taken a hanasf approach to distribution systemannng. Utility investments are

reviewed for prudence, aftéine-fact, but in most cases the planning process has remained within
the exclusive purview of the utilities, with little or no transparency, public involvement, or
regulatory oversight.

IDP is a pocess that systematically develggans for the futuref a distribution grid using

inputs supplied by thelectricutility, the Commissionand interested stakeholdefsgood plan

will describe the existing distribution system; identify planned retmsand committed future
additions of distribution system assets; assess the potential of the existing system to host
additional deployments of DERs without negatively impacting reliability or power quality;
forecast loads and DER deployments for eacln gea longterm planning horizon; assess and
prioritize the need for system upgrades or operational changes to accommodate future loads and
DER installations; evaluate and compare options for meeting the forecasted needs to find
preferred solutions; ancethil an action plan for addressing those needs that requiréenear
attention. Ultimately,lie objective of the final plan is a distribution system that operates for the
public good meeting the objectives set out by stakeholdersciosaeffectivemamer. Over the
long-term the IDP process should reduce costs, improve effici@mpoint the way toware

more sustainabldistribution gridi one that isafe,securereliable andresilient

An IDP can also fostebeneficial change within thaistribution gridin response to new
technologies or customer expectations. The pbdeescan
1 Evaluat potentiahewi nvest ments i n di swiredi)bnminirasn i nfr e
alternatives (NWAs);
1 Encourage optimal deployment, integration, andrapon ofDERS
1 Explorethe potential fopeerto-peer transactions within the griand
1 Serve as a venue for considering new or different roles for the utility and other parties in
coordinating DER activity on the transformidgstribution grid.

Finaly, a good IDP process cafsogive the Commission early insight and more control over
decisions about conflicting policieBor example if electric vehicle (EV) ownership @usteed
geographicallyit may be sufficient and relativelyempensive to ugrade local transformermn
anasneeded basidHowever, if widespread EV adoption occurmightbe cheaper to invest in
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controlled chargingiE, andDR than to upgrade the transformers on an entire sygtartbP
process cagive the Commission visibtly into theut i | planningdecisions and allow the
Commission to exercise influence before spending decisions are made.

The Electric Power Research Institute (EPRI) has long been a leader in research on distribution
system planning techniques. EPRI offers extensive technical assistance to its funding members
on how to do modern distribution plannirand those members areladvised to make use of
EPRI 6s e x p e rsones fe . E PBsi\h@lpfukrespurces anet freely available to the
public® Public utility commissions in the MADRI jurisdictions, as well as most of the parties

that appear before them, have expedste need for guidance on distribution system planning
techniques that is free and publicly availafleis document seeks to fulfill that nedthe

manual is designed to hedpmmissions in the MADRI jurisdictionsonsiderelectric utility
distributionplanning in an organized and systematic manner that leads toeffeasive

distribution grid that meet® the greatest extent practicatiie needs of all stakeholders.

single manual for all the MADRI jurisdictions will also foster a unified appr@achss the

numerous different subsidiaries of the lagjectricutility holding companies that dominate the
MADRI footprint.

The balance of this manuadidresses:

1 Options and issues for establishengd overseeing formal IDP proces®r electric
utilities through regulatory action;
Stepsin the process of developing an IDP
Contentof an IDPfiling;
Challenges for developing and implementing an IDP and potential soludiaths
Technicalconsiderations for planners

= =4 =4 =4

5> See, most importantly: EPRI. (2018)istribution Planning Guidebook for the Modern Grithis guidebook is
free to EPRI&s funding members, but costs $15,000 to ¢
E PRI 0 sitisnasimfilg fact that some Commissions and most of the interveners that appear before them are
not funding members of EPRI and will not invest in such an expensive reference document.
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Il. ESTABLISHING A FORMAL IDP REQUIREMENT THROUGH
REGULATORY ACTION

The economic rationale for commission oversight and regulation of the distribution grid lies in

the desire to replicate competitive outcomesindust ri es t hat are fAnatur
Distribution service has historically been viewed as a monopoly service because it would be
redundant and costly for more than one entity to string wires across the same service territory.
However, as the nature thfe distribution grid is changing to allow for more open access and

two-way flows of power, new entities are beginning to offer similar services through different
mechanisms. While the utilityds essemnd al nat
provide the rationale for state commission regulation, the characteristics of that regulation may

need to change to accommodate DERs and the advantages they provide.

There are numerous procedural options and decisions in terms of how a commission can
structure its regulatory agendath respect to distribution system planning. Some of the key
procedural issues and options are discussed below.

A. CommissionAuthority

At the root of all actions taken by the Commissiothes question ofvhetherit hasthe statutory
authority to undertake a rulemaking, investigatimnproceeding which breaks new ground.

Most states providetheir commissions witlgeneral supervisory authority over billsiness

aspects ofegulatedutilitiesastheyrelate to costsral quality of serviceln this regard, a clear
argument can be made that supervision over distribution planning is a vital component of this
authority FundamentallylDP is designed to ensure that investments in the udiilyibution
system ensure ralbility, are built to be resilienaind employ leastost optionswhile also
optimizingthe use ohewresources and grigchnologies

Somecommissiongnaytake anarrowerview of theirauthority to oversee and guide distribution
planning and mawantmorespecific statutory language referencing IDiPthis casepassing
legislationwould be necessaniny necessary IDRegislationshould besimple and germane to

t he Commi s gyinordérte expediteith pagsage-However, as stated above,

while IDP is a new concept in utility regulation, it is nevertheless at the core of what

commissions were established to oversee, especially with respect to the convergence of an aging
grid infrastructurenew technologieand options such as DERandthe occurrenceof more

severe climate events.

B. Type of CommissionProceeding (nvestigation, Rulemaking, or Contested Case)
The Commissiorhasseveral optiongor consideringvhether and how tdevelop IDPsanissue
basednvestigation or workshqma rulemaking, atility-specific contested casar some
combination of theeproceedingsEach procdural optionis discussed below

Somejurisdictionsmay opt for anore informalorkshop or investigation to introduce the
subject to stakeholder§his can be a productive process by bringing in industry experts and



commission staff from jurisdictions that have already engageckatirg anIiDP. It is a way to
learn about best practicaadthe pitfalls to be avoidednd maybe less costly (in terms of the
time and human resources required) than a more formal proceBdaviding stakeholders with
the opportunity to comment can providge Commission with useful information specific to its
jurisdiction. In addition the signaling of activity by the Commission in this direction migkult

in DER providers focusing attention on thatisdictionas an area of interest for business
develpment.Thus, a workshop or investigation can be a good gateway to a thoughtful, inclusive
procesdeadingto the development of an IDRne potentiatirawback is if this process becomes
lengthy and slows progress towards the development of an actudUpléy operations will not
cease during plan developmgadthe utility maymake investments in its distributisystem

that are not least cost trat wouldnot havebeen approved in an IDP proceeding.

An IDP can be viewed as analogousatmore formalintegrated resource plgiRP),® which

includes a rigorouseviewprocess that is preceded by a utility filing containing detailed

information as required by the Commissi&wen with a more formal process there are a range

of options Develophg some form of consistent framework that must be followed in each

jurisdiction is important for several reasoB8sated requirements clearly communicate the

Commi ssionbds expectati ons rsengethoralghnegs t he | evel
expected othe utility in preparing the plan. Completed applications will teesure that the

Commission and stakeholders or intervenors receive the initial level of detail required to review

a utility plan.Uniformity in utility filings alsomakesthemeasier for ommission stafand

stakeholdes toreview.

Somejurisdictiors have promulgated regulations for I®®vhile others have opted for

guidelines’ Regulations are requirements that must be followed unless a waiver is sought and
approved byhe CommissionGuidelines are not enforceable in the same manner and indicate

the Commi ssionbds desire as Bothregulmtohsandt woul d |
guidelines aremprovedif they are subject to a public comment period that can peovid

additional information and perspectives that@onmission may not have considered in the

initial drafting. For the most controversiahddifficult issues,acommission could consider

issuing questions for comment priorredeasing araft of the promsed regulations for public

comment.

Developing some form of consistent framewtwkthe filing of an IDPthat must be followed
within each jurisdiction is important for several reasdnsnsures that the Commission and
stakeholders or intervenors reeethe initial level of detail required to review a utility plan.
also requires a careful and thorough process by the utility to develop. & pfdremore it
creates uniformity in utility filingsmaking it easier for commission staifid the public to
reviewthem

6 As with the IDP acronym, IRP is usaderchangeably to refer tatleer theresourceplanning process or the
resultant planAgain, the specific meaning should be clear from the context of each usage.

7 Citations to IRP statutes and rules for all states that had IRP requirements as of 2013 are avalilddos imR.
ard Biewald, B. (2013)Best Practices in Electric Utility Integrated Resource PlannBgnapse Energy
Economics for the Regulatory Assistance Project. RetrievedHitps://www.raponline.org/knowledge
center/bespracticesin-electricutility -integratedresourceplanning/ Refer to theappendixin that document
Some states may have updated their statutes or rules since that reponblished.
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Regulations omnIDP processcan include both the process and the substance of the Anig.
processgontinuingthe analogy of IRPs, some commission regulatammmence thproess
with the filing of thefull IRP, while others requirene or morgechnical conferensas the
utility is developing the IRRo ensure that the utility is on the right track with respect to its
methodology for developing the plan and the scenariosrdmanation it is considering The
benefit ofa technical conferends that it can serve as an early courserection before too
manyutility and stakeholdeesources are deploy@drsuing a defective direction in the
preparation of the plan.

An IDP case filingallows the Commission to review and investigate the plans of each utility
under its jurisdiction to upgrade its distribution systétaving regulations in place prior to the
filing provides a roadmap to ensweachutility initially provides all information that is necessary
for the Commission to begin its review and ultimately render a determination as to the
reasonableness of the plamor to any expenditures takiqgace.A utility filed IDP would
commonlybea litigated process in which there is intervenor participation and the Commission
sets forth findings of facnd conclusions of lathat it applies to its decisioihis type &
proceeding can be quite expensaral timeconsumingor participants and for the Commissjon
compared to less formal optiorBut & discussed below, the presentation of expert evidence can
be a great resource for temmission in its deliberation¥he outcome of an IDBroceeding
should be the development of a plan of action by the utility to guide its future actio@sntain
andupgrade its distribution systerfihose actionsould potentially includeompetitive
procurement oDERS ornewtariff-basedcompensation mechanisms

C. Key CommissionDecisionsRegardingan IDP Proceeding

At the outset of may IDP proceeding, the Commission wikted to make several key decisions
thatshape the level of effoetnd roles of all parties artbw the completed IDP will be used.
These key decisions are summarized below.

1. Scope of IDP:Utility vs. Jurisdiction-Wide Planning

When it comes to evidentiary proceedings opposed to generic industwyde procedures,

commissions typically will proceed one utility and one case at fithese cases are seldom

simplg are highly factdependentandrequire the dedication of stadhd stakeholdaesources.

Taking each case one at time may allow for a deeper dive int@ msdeonsideration of
attributesspecificto each utility such as geography of the service territory or characteristics of

the customer bas&he benefit of a single proceeding is the ability to ensure that the outcomes

are focused on the single utilitp@what is in the best interests of its ratepayeosvever, cases

involving distribution planning could take a different course of action, especially where large
mergers have created 0isi ssuehrainMatylandndt i es wi t hi
Penrsylvania.

8 For example, PacifiCorp (which owns utilities operating in six Western states) hosted seven public meetings with
stakeholders on various | RP topics before filing its |
input web page dtttp://www.pacificorp.com/es/irp/pip.htnfibr details.
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A joint proceeding involving other utilities could produce a more consistent statewidét plan.
also avoids the concethatthe first utility proceedingouldseta precedent for all utilities to
follow. Even though the participantsd the &cts ofeachcase may bdifferent, it is reasonable
to expect thatitilitieswill seek to replicate what they perceive as favorable aspects of earlier
decisions whileseeking to alter aspects they view as unfavorable.

A regional approach may be difficult even though one holding companyhaweyaffiliates

in multiple MADRI statesThis is because the lavasnd operating characteristiase different in
each stateMoreover, state commission jurisdictions are bound by their own jurisdictions and
cannot rule on matters before another jurisdiction.

2. Scope of IDP: DERs taConsider

To be used as an effectit@ol, an IDP needs to be comprehensive in terms of examining the
entire grid and all the potential options for improving the grid from a reliability, resiliance
cost effectiveness standpoiAtgood planning process will altake into accourdind seek to

fulfill other public policy goals of the jurisdiction in question (e.g., state environmental.goals)
This means having the utility provide information tltntifies areas on their gritiat
arecurrently, or soon will be, constrainedareas where the utility equipment is in disrepair,
outdated, or inefficientAn IDP proceeding wouldlso require a full review and consideration of
options to restore or gpade the grid, includg traditional solutionsrepladgng equipmentor
deployng new technologiedDERS or other NWAs DERsresidewith increased frequenan

the customer side of the meter and can be deployed to provide support to the grid wiest it is
effective to do so.

As part of an assessment of its grid, a utility should provide forecasted data showing the growth
in DERs and thie projected ability tanitigate the need for utility investmentdoreover, ariDP
should include a competitiveddling process that includ&ERs to meet the needs of the grid,

so that the best optisr{considering leastostandleastrisk objective$ areselected.

3. Planning Horizon, Timing of Filings, and Update Frequency

It is axiomatic that the longer tHierecast period, the less accurate it will hés much easier to
project the probablscenarios in a twtp threeyear rangehan projectingwenty years from

now. Given the faspaced evolution of technology and its adoption, this becomes increasingly
the case as we do not know what technologies will be available even three years from now.
Obsolescence of expensive technologies is a conderrertheless, there is value in projecting
far out into the future to create a tableau of what could possikiyntieipated Accurate

9 Note that commissions are generally not bound by previous orders and are free to make decisions based on changes
in policy and the facts ia particular proceedingenerally, the Commission's decisions are entitled to great
deference, as being the judgment of a tribunal appointed by law and informed by exp&8eenda:. example,
lowa lllinois Gas & Electric Co. v. lllinois Commerce Comn{1960), 19 Ill.2d 436, 442, 167 N.E.2d 414.
However, where the Commission's decisions drastically depart from past practices, they are entitled to less
deferenceSee, for exampldéBusiness & Professional People for the Public Interest v. Illinois Conent&smm'n
(1989), 136 Ill.2d 192, 228, 144 Ill.Dec. 334, 555 N.E.2d &88Citizens Util. Bd. v. lllinois Commerce
Commén, 166 132(.19W6). 111, 131
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projections ar@specially important wheinvestments are made that have long depreciable lives
(e.g., 20 to 40 years)

Nearly allof the manyexamples ofntegrateresourceplanningin US jurisdictions have
examined den to twenty-yearplanning horizopwith the plan updated evetwo to five yearst®
A long planning horizon allowstilities to identify needsvell before they become urgeand
with enough lead time to allow for consideration of solutionsriatrequiremultiple years of
planning, permitting, and constructiorhd frequent updates ensure thianning assumptions
are consistent with current informatiandrecentchanges tgolicies and regulations

Commissions are likely to appgymilar logic regarding the planning horizon and update
frequencyfor integratedlistributionplans The time horizon, howevetends to be shorter for
IDP than for IRAN the fewexamples of publichavailable IDPsBased on practices observed to
date an IDPshouldprobablycover afive- to teryear planning horizon, at a minimythough
there are examples that reach out as far as 30 years.

Thetiming of initial IDP filings andthe frequency of IDRupdatesaremattes of commission
discretion Where a state has multiple utilitisabject to IDP filing requirementthe

Commission may choose stagget he t i mi n g Iaitial pamindprocessinbti t y 6 s
createastrain on commissiostaffand stakeholdeesourcesndto maintain theiability to

review and analyze the filingsiven the rapigpace of change in DERs, smart grid technolqgies
and state energy policiemcommission might want to consider requiriregatively frequent
updat es t o eigerlmapseven dnnual ypdlatdsweleR peparing reviewing and
evaluatingan IDP is a considerable undertakitigereforesomecommissions will find thatwo

or threeyears between filings appropriateMoreover,commissions should reserve the right

to order a complete or modified IDP in between the schedulddtesas may be warranted due
to catastrophic events significantlychanged circumstances.

4. StakeholderParticipation

Commissons across the natipimcluding thosevithin theMADRI footprint, rely on stakeholder

input to create aobustpublicrecord that includediverseideas and perspectives from which to

render a decisioMoreover,having stakeholdgparticipation increases transparency and creates
more confidence i n tamdkdecEionsiim righttolmeméasiispr ocesses
fundamental principlef good governancé&takeholder participation avery commissiofacet

of IDP provides balanceas opposed to only having the utility perspectivethe extent that

stakeholders can bring forth expert opinions or testinmvrgdvocate for specific policiethey

will add to the richness of the record so that the Commission can reach the best decisi

possibleIDP proceedings should be treated the same as other commission proceedings with the
opportunity for full participation by all stakeholders.

wilson, R. and Biewald, B. (20133est Practices in Electric Utility Integrate®esource PlanningSynapse
Energy Economics for the Regulatory Assistance Project. Retrievechftpsy/www.raponline.org/knowledsg
center/bespracticesin-electricutility -integratedresourceplanning/
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5. Binding or Non-Binding Effect of aCompletedIDP

Onequestionthat frequentharisesin IRP policy discussionss whether a utility filing should be
informational or subject to @@mmissionapprovalthat binds the utility to the plannedurse of
action.Some states hawhosen only to requir@formational filings in such caseshe
Commissiom a ¢ k n osavthad ah gRE wasubmitted in conformance with established legal
requirementdput does noftormally review or approgthe content of the pla®ther statebave
opted for more oversighgiving the Commission a role in reviewi and approving theontent

of the IRP. However, in these latter casesstate has adopted a policy wher€@mmmission
approvalof a utility IRP is tantamounto a decision that the investments in the plardesmed
prudent.

An informational filingapproachcouldresult in a commission reviewhich either finds that the
filing is complete or issues instructions to the utility to correct any deficiendasng a plan

that is notsubject to future action provides tBemmission with more latitude when a utility

files for approval of a distribidn capital investmentlowever, the information approach raises
two concernsFirst and fundamentally, the utility may not be required to file for approval in
advanceof their actual spendindVhile autility would be wise to file for recovery of a large
investment in advance of the expenditure if it is something like installing smart meters

in everyhome this might not necessarily be requirdd all likelihood the utility would not file

for approvalwith respect to distribution system upgrades thaieivg as routineA more

rigorous IDPreview process resulting in an approved IDP plan may result in a different course of
action,like acompetitive bid for DERsather than a system upgra&eacond, an approved IDP
placesthe Commission in the best positi to make decisions regarding the acquisition of
distribution resourcedn reviewing and approving a full plan, tGemmissionhas all the
information and options presented for consideratitmder the information approach, even when
a utility files forapproval, alecision on a project viewed in isolation will likely not yield the
same thorough analysis and reviasconsidering that same projentthe totality of the system
and theavailableoptions.

When considering the approval approammmissios often worry that if a plan is approved

to its content, thaplanwill be in effect until the nextRP is filed and approvedhe concern is
thatas thelRP agesit could lead tautility actiors that no longereflectthe besbptiors available

to the utility at the time of each implementation decisim instead ofleeming the investments
in the IRP prudentommission approvaherely indicates to the utility thétte planned course of
action is reasonable at the time the plan @ayped and based on the assumptigsed to

develop the plarThe effect is that the utility knows it iaking a riskif it invests inaresource

that was not irits approvedlan and t has more confidence when it makes an investment that
was in the pla. But either way, the investment will be subject to a pruelesngewusing

standard procedures outside of the IRP process

Similar concerns are likely to emerge in IDP discussions and procegdimygommissionwill

havesimilar options that fall short of prapproving the prudee®f investments included in an

IDP. To resolve this concerthe Commission can note in an order or in its rules that approval of

an I DP stil] requires that tratthaitime dachtacyions act i
takento ensure cost recoveryloreover the rules or guidelines can include a progedsere has
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been asignificantlapse of time between approval of an IDP and the implementation of an aspect
of the plan For examplethe Commission can require the utility to file an affidavit attesting that
there have been nmoaterialchanges in circumstances that would warrant a change in the
approved IDP with respect to the project being implemewkernatively, if there is a change

in circumstancethe utility can file an update setting forth the changes that have ocquroed

to proceedingThe commissiorould therdecide how to proceed by either approving or
denyingthe request or requiring comments or a hearing, etc.

D. Content of a Commission Order Accepting or Approving an IDP

This section will focus on IDPsonsidered undex contestedasehearing procedurghich

requires commission approvaft When considering an integrated distribution pEoommission

will need to issue aritten order to memorialize its decisiohco mmi ssi onés | DP dec
likely fall into one offour distinct categories: 1) approval, 2) approval with modification, 3)

denial with direction for further revisions, or 4) denial without further directio

Regardless of the ultimate decision, there are several common requirementscfamamgsion
order.As always a commission order will be subject to review by the courts and should follow
best practices for an administrative decisibime order shodl contain a recitation of the record
and a review of the relevant statues and regulatidmsse recitations should include a synthesis
of the relevant issues and positions of the parfieeserecitationssummarize and analyze the
administrative proceedgs and are useful to aid a reviewing court.

The relevant portions of the Commissionds dec
issue and the conclusions of law that follow from those facigeneral, an administrative

decision is grantedeference on findings of fact by a reviewing coAd.such, a&ommission

decision should be careful to fully explore any relevant factual considerations and make clear
findings where the evidence is open to differing interpretatibosexample, a factl

conclusion may be the overall hosting capacity of a specific feeder based on distribution system
attributes Alternatively,in considering a cost benefit analy$ighe Commission should clearly

guantify each cost and benefit category based on evidedcanalysis in the record. A clear

factual landscape is essential for appellate review and can also aid stakeholders in future
administration and modification of the IDP.

Factual findings must then be applied to the relevant statute so that the Compassieach

legal conclusions regarding the IDFhese legal conclusions can be jurisdictional including the

Commi ssionbés statutory authority to direct ad
recovery of plan cosis subsequent rate casesgal conclusions might also underlie the

Commi ssionds ability to weigh certain attribu

11 As noted above, this is not the only procedure to develop ansé@ifidnll.B contemplates a rulemaking process,
andsectionll.C.1. considers atility v. statewide scopehowever, IDPs developed through alternative procedures
may require a different type or form of decision fromoanmission Further, some commissions may opt for a
rulemaking followed by a utility filing that is subject to adjudication. This is the most préyaiecess used for
IRPs. In addition, the informational IDP discussed above may require nothing more than that a commission note
the filing, or it may require some portions of the order contents outlined below.

2Thismay be necessary atthe IDP stagafmpr ove a gi ven plan or may be a st af
intended standard of review in a later rate case seeking recovery of IDP capital expenditures.
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environmental benefits where authorizkedgal conclusions are often granted less deference on
appeal and should be presentedityeand follow fromaco mmi ssi ondés statutory

The result of these factual findings and legal conclusions will determine the fate of the IDP under
consideration: approval (with or without modification) or denial (with or without an opportunity

for revision).Where acommission approves an ID#e order should outline any relevant next

steps or opportunities for further reviewhis can include a timeline for implementation,

processes for further stakeholder engagement and future Commissionseeleas later cost
recovery proceeding3he key consideration should be an order sufficiently detailed to allow
implementation without additional Commission input.

A commission can also approve an IDP with modificatidmshis situation, the modificains
should be clearly delineated and include sufficient direction for stakeholder implemeration.
modification may require an opportunity for party and stakeholder response and additional
Commission reviewin this situation the Commission should cleasiitline the path forward and
include deadlines to the greatest extent possible.

Alternatively, acommission may deny an IDP, either with or without the opportunity for

revision.The findings, analysis and conclusions of a denial are equgilgrtant as those

approving an IDP for both appellate review and for the benefit of stakeholders moving forward.
Denial without the opportunity for revision rejects the proposed IDP but does not preclude future
filings. As such, the denial should identifye grounds for denial such as factual inadequacy,
statutory barriers or a pa rThisydiestiofwdlihdlpur e t o s u
stakeholders should they wish to offer another IDP in the future.

Denial with direction to modify the IDP iWprovide stakeholders or parties to the proposal with
an opportunity to revise and resubmit the current ptathis situation, it is essential for the
Commission to provide guidance on where the existing proposal fell short so that parties may
targettheir efforts towards modifications which will satisfy the Commissfswith a

modification, a denial which invites additional filings should include direction regarding process
and deadlines, if possible.

Approval of an IDP provides the distributiotilily with permission to move forward with the
specific elements of the IDRAs such, the Utility can incorporate the proposed items such as
distributed generatiofDG), storage, and microgrids into their distribution system planning

processedn additon, t hese can be factored into the Ut:i
making processes such as storm response plans and ongoing maintenance sthedffests
of the I DP are |ikely to be felt ionsmandtmany of t

Commission may wish to direct the Utility to include information related to the IDP in reliability
reports and storm reports.

The Commission can also expect to see the results of the IDP in future ratét gases.
uncommon for @ommission © preapprove cost recovery of distribution assets before they are
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used and useful in serving ratepay&rghus the implementing utility will need to seek recovery
of the infrastructure elements of the IDP in a future rate ddse will give the Commissin the
opportunity to review the implementation of the IDP for prudeard reasonablenegs base

rate case is where a cdstnefit analysis is applied to the completed elements of the IDP and a
commission order approving the IDP may want to specificgalilgrence this later review.

E. Potential Synergies withOther Planning Processesind Regulatory Proceedings

There are a variety of regulataayd planningssues thaare not essential &nIDP processut
may have a bearing on the inputoatcomes. Gmmissions may wish to addressme or all of
these issues concert with the decision to impose an IDP requirement.

1. Grid Modernization

In practice, most jurisdictions that areeeamining the tradibnal distribution utility model

begin withinitiating someform of inquiry orproceeding oifigrid modernizatiora Although the

term means different things to different stakeholders, generally spealdngapernization

refers tathe variety oftraditiond fi p o Wiee® & md (e.d., substasa@or recloses)
andfinonwireso alternativege.g.,conbinations ofDG, EE, and storagehat can be deployed to
meet identified grid needs, adopt updated technologies, and make the grid more intelligent and
resilient to disturbance&rid modernization may also help identify t@mmunication and data
needs that may be required to enable DER technoldigsd madernizationinquiry can

provide valuable information to the Commission in establishing an IDP prdemssver, it is

not a necessary component if the Commission prefers to move directhnii® proceeding

Like IDP proceedings, a grid modernizatipmoceeding can take any of several formshdf
nature of the proceeding is one in whahtility seeks assurances of cost recovery
distribution system investmertsit does notlevelopan IDP, thereis the risk of approving utility
spending on &chnology that is not leasbst leastrisk, or inthe best interests of customers
when viewingthesystem as a whald@ here is also the rigkat a gridmodernization process that
is not flexible and/or restricts future course changey impair the adation of the most
beneficial and costffective solutionsHowever, in many jurisdictiongrid modernization
investigationscan occur without aontested caser rulemaking. In these casélsegrid
modernization initiative takes the form of workshops distussions for educational purposes
and could produce a report on what Wesgned.The advantage afombining grid

modernization witkan IDP process is that it enables the Commission to review and analyze
multiple optionssimultaneouslyo determine which is the besas opposed to deciding upon just
one option which is before the Commission for potential rate recovery.

13 0Of course, if commission has statutory authority or an infrastructure surclmaegbanismthen an IDP order
may include cost recovenjnother exception to this is where state statutes allow for recovery of construction
work in progress, in which case some limited cost recovery could be permitted in a rate case prior to the
completion of the project.

17



2. Interconnection Standardsand Procedures

In all the MADRI jurisdictions, tility commissiongpromulgae and enforce tesgovernng the
interconnection of DER® thedistribution systers of regulated utilitie$* The rulesmay
establisithe standards that DERs must satisfy before being allowed to interconngpgaoiiy
application, review, and approval procedures, or ddtifities themselves generally process
interconnection applicationwvith varying levels of commission oversight frotate to state.

In somestatesnside and outside the regicapid DER growth is revealing limitations

associated with outdated state interconnection standards and utility processes. As a result, more
states and utilities are facing backlogs, disputes, and stalled projects associated with
inefficiencies and timeand resarceintensive protocols. For example, a 2015 studyhiey

National Renewable Energy LaboratoNREL) found that utilities in five states failed to meet
review time requirements for 58% of residential and small commercial solar interconnection
applicatiors.*> While a number of factors can contribute to interconnection challenges, a
prominent one is that customers wanting to adopt DERs have traditionally had limited access to
information about the conditions on the grid to help them select optimal and apggges and
design projects that are responsive to (and not in violation of) the available hosting capacity at
their chosen site. Another barrier to streamlined interconnection processes is ttantime
bandwidthlimited utility staff who are taskedith processing increasing volumes of DER
interconnection requests. Even requests that are not likely to move férivacduse they

require costly grid upgrades to accommodate them on the €ystlhrequire the time and

attention of utility staff to revievand study the interconnection applications.

Regulators concerned with ongoing and increasing interconnection challenges can request review
of and additional information around the current utility interconnection processes to identify
opportunities fogreater efficiencies and overall process improvements. Regulators will need to
consider whether this exercise makes sense to conduct alongside or in advance of an IDP
process, as there are pros and cons to approaching this concurrently versus segkentially.
example, the adoption of modified interconnection standards could encourage or discourage
faster deployment of DERs and dictate whether those DERs can be practically used to address
distribution system constraints. This argues for considering inteection practices as part of

an IDP. On the other hand, having a separate proceeding to examine interconnection practices
could lead to a deeper examination of technical requirements and faster improvements to rules
and current utility practices.

The folowing is a brief list of interconnection related considerations regulators may want to
address as part of this effort, which can be used to inform and guide next steps on IDP or broader
interconnection reform:
1 Does the state have interconnection stargitirdt apply uniformly to all utilities
withintheCo mmi ssi onds jurisdiction?

4 TheFederal Energy Regulatory Commission (FERES jurisdiction over rules for resources that interconnect to
the interstate transmission grid.

15K, Ardani, et al., A Statéevel Comparison of Processes and Timelines for DistributetbRbltaic
Interconnection in the United States, National Renewable Energy Laboratory, p. 13 (January 2015).
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1 Are the interconnection standards applicable to all projects or are there size
limitations that may prevent state jurisdictional projects from haaioar path to
interconnection?

What DERs are covered by the interconnection standards?

Is energy storage explicitly addressed, defimed given a clear path to proceed
through the interconnection review process?

What are the size limits for the different levels®fiew?

Is there an option to have expedited review for small, inveidsed systems unlikely
to trigger adverse system impac(e®., under 25ilowatty

1 Is there an option for a Fast Track review process for larger DERs (e.g., up to 5
Megawatt} thatare unlikely tarequire system upgrades and/or negativ@lyactthe
safety and reliability of thgrid?

What technical screens are applied for the Fast Track review process?

Is there a transparent Supplemental Review Process for interconnectiontigmglica
that fail the Fast Track screef$?

1 Is there a pr@application report that allows DER customers to acfess
reasonable feq) preliminary grid information report prior to submitting a full
interconnection applicatioA”?

Is the utility meeting awent timelines (if established)? If not, why?

What methods, approaches and tools are in place to improve the timeliness of the
interconnection process (e.g., electronic application submittal, tracang,
signatures)?

1 Is there an explicit process teeal projects from the interconnection queue if they do
not progress?

Are there clear timelines for construction of upgrades or meter installs?

Is there a clear, efficieréind fair dispute resolution process?

Is there a transparent reporting processparication of the interconnection queue
to allow customers to sdeow many projects are in the queue?

= =

E = =

= =4

= =4 =

16 Several states, including Ohio, Massachusetts, lllinois, lan California, have adopted this transparent
supplementateview process. Sderiority Considerations for Interconnection Standards: A Quick Reference Guide
for Utility Regulators Interstate Renewable Energy Council, p. 6 (August 2017), available at:
https://irecusa.org/prioritgonsiderationdor-interconnectiorstandards/

17 preapplication reports provide readily available information about a particular paimteofonnection on a
utilitydéds system. The information generally provided i
amount of already connected and queued generation, the distance of the proposed point of interconnection to the
substgion, and peak and minimum load data. These reports are available in a handful of states where they help guide
customers. But they have limitations: they do not contain any actual system analysis and can take over a month to
receive. See Erica McConnell @athy MalinaKnowledge is Power: Access to Grid Data Improves the
Interconnection Experience for AlBreentech Media (31 January 2017), available at:
https://www.greentechmedia.com/articles/read/knowledgmweraccesgo-grid-dataandimprovesthe
interconnectiorexp#gs.SVY9TdwZachary Petersoifhe State of Pré\pplication ReportsNational Renewable
Energy Laboratories (June 2017), availabléhetps://www.nrel.gov/dgic/interconnectioninsigit81 #07.html
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1 Does the utility publish and make publicly available distribution system (haps
heat mapshosting capacitynaps)?®

1 Has the Commission consideragerformance incentive orpenay f or t he ut i |
performance in approving interconnection applications?

To the extent regulators are overseeing and guididgsaing Capacity Analysi@éHCA) effort,

the following questions (in addition to those identified in Sedbf.) can help inform whether
theHCA has the capability and functionality necessary to meaningfully address broader
interconnection reforms:

1 Can the HCA methodologye used t@rovide reliable data about the hosting capacity
of nodes across tharcuit to streamlineand expeditéhe review of interconnection
applications?

1 When a customer seeks to interconnect at a given nadbag or shaise the HCA
to determinef the proposd DER project falls within the hosting capacity value for
that location?

1 If yes, can the projedte approved to interconnect with little to no additional review
or studywith the assurance that it will not compromise system safagfiability?

1 CantheHCA be usedn lieu ofinterconnection screens in the fast track or
supplemental review process?

91 Ifthe DER project falls outside the identified hosting capacity,itch@ directed to
the study processr can the utility providéhe customemith information that allows
her to redesign the projetct fit within the hosting capacity limits (and/or address
known constraints througdystem or operational redesign)?

1 Can customerase the detailed HCAata to identify potential projecttarnativesor
mitigationsthat would help them avoid hostiegpacity limits, such as use of-site
storage to shift peak demand, advanced inverbeligterconnectiomgreements that
allow curtailment during limited peak hours of the year?

A robustreview of interconnection standards and performance can be an important exercise for
regulators seeking to better understand how a utility is performing in the context of integrating
DERs on the grid. Where interconnection challenges exist, and everaimcadsf any major

challenges, there may be ripe opportunities to leverage the IDP process to evaluate and improve
state standards and utility protocols, and adopt new tools and approaches, to better accommodate,
streamline and optimize DER integration. Trekinitial steps to align the state and utility with
well-vetted and proven interconnection practices can help ensure IDP and other grid
modernization efforts are impactful and meaningful over the-teng.

8 Hernandez, MariNew Grid Transparency Tools Improve Distributddneration SitingUtility Dive, (26 June
2018), available atttps://www.utilitydive.com/news/nexgrid-transparencyoolsimprovedistributedgeneration
siting/526500/
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3. Consideration of Creating a Distribution System Operator

Some power sector stakeholders have suggested that the essential role of utilities, and the way

they earn profits, could be transform@dnstead of managing the grid as a-avesy delivery

system that moves power from wholesale suppl:i
manage the grid as a Aplatformo for direct tr
earn revene from those who use the platform. Platform revenumsld provide utilitieswith a
newbusiness model for interconnecting and coordinating DER operations on the distribution

system.

A distribution system operator (DSO) can be created and operate soraealagfously to a
RegionalTransmissiorBystem Operator (RTO) by creating a platform for the operation of the
distribution grid.The utility can take on the role of DSO for its service territory, much like in

New York, or the DSO can be an independentesystperatofISO). In April 2014, the New

York Commission launched i®eforming the Energy VisidiNY REV) processvith an order on

its first trackz This proceedingaddressed the roles of the distribution companies, third parties,
consumers and generagdrike the MADRI states, New York iestructuredThe Order
established the wutilities as fADistributed Sys
Commission viewed as representing an expansion of the existing obligatien€ommission

also recognizedhiatas a result othis expanded role and the change in the utility business model,
regulatory changes would be needadch as creating an earnings adjustment mechaham

operates like a performangeentive.The DSP is designed to provide an intat¢network

platform with both obligations and incentives to support DERs through a fair, open and

transparent transactive markitis responsible for integrated system planning, grid operation

and market operations, structures and prodi¢is.Commissin def i ned t he DSP a
intelligent network platform that will provide, safe, reliable and efficient electric services by
integrating diverse resour ce $heDSP fosterebroadc ust o me
market activity tlt monetizes systemnd social values, by enabling active customer and-third
party engagement that is aligned w#tth the who

Oneadvantage of a utility taking on the role@$Oisthatit representsn expansion of existing

utility responsibilities and so incrementally, these new responsibilities may be more easily

handled and quickly implemented by a utiliurther, putting the utility in this rolean help

solidify DERs as a core part of the systand remove some of the disincensiea the part of

utilities to embrace the adoption of DER&aving the utility operate as the DSO helps support

the goal of changing wutiliti esabdbettersuppordst i ons a
integratedoperationsFinally, the utility hasmore comprehensivenowledgethan any other

party of real time systermmonditionsacross thentiredistribution grid

9 Former Pennsylvania and FERC Commissioner Robert Powelson, for example, told a conference audience in
2 0 1 When e think about the grid of the future, we have to think of it in terms of IT platforms that turn passive
networks into intelligence and pral a vibrant marketplace where demand and stgigdb/resources are
optimized and t hey. @ oQu® dttps/dnergniews.ust2@17/1085%/midwbst/dlaifotmy
modelwill -be-key-for-illinois-future-powergrid/.

20New York Public Service Commission, Case No-M410, Proceeding on the Motion of the Commission in
Regard to Reforming the Energy Vision, Order Instituting Prdoged

211d., Order adopting Regulatory Policy Framework and Implementation Plan, February 26, 2015.
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The drawbacksf having the utility act as the DSi@clude the historical reluctance on et

of utilities to embrace DERSs, although this carabkeast partially addressdaoughproper
incentivesasdiscussed in Sectiov.B below. A significant concern that would have to be
overcome is the utilities lack of experience or skill with respe®ERs and DER markets.
Finally, the utilities as the DSO, may Ipea positionto exercise market power to advance their
own interests and suppress innovatibo.counteract this, a code of conduct would have to be
put in place and enforced by tB@mnission??

An independenDSO could operate on a statewide basis as opposed to a utility service territory
basis and coordinate activities across the stdtis. would give utilities a little more latitude to
participate in the DER markethile concerns regarding market power would not be eliminated,
theymay bemitigated by having a statewide DS&ppropriate codes of conduct would still be
neededMoreover,coordinating the actions @n RTOwith a singlestatewide DSQvould be
lesscomplexfor the RTOand might create a greater range of operational possibilities, in the
same manner thédrger balancing areas allow fiorore efficient use of generation and
transmission resourceSoordination between the RTO and DSO could optimize the utilizatio
of DERSs to perform doublduty. In a generic proceeding that leads up to the development of
IDP regulations, this would begiod question to posit and seek expert opinion to better inform
the Commission in deciding what direction to take.

4. Utility Busi ness Model andRatemaking I ssues

The IDP processand the incorporation of DERs ushefainew way to consider the utility

business model so that thet i [finahcialinteress arealigned with thepublic interest

Investor owned utilities have a fiduciary dutytb@ir shareholders and earn a return for its
investors through a return on its rate base which consists largely of its capital investimests.

the incentive for a utility is to increase its rate basevalmein given the option, a utility might
choose to invest more traditional infrastructure solutiorte enhance its grid, as opposed to a
similarly viableDER option.Therefore, in the context of considering developing an IDP process,
commissions may wartb consider alternative forms of ratemaking and utility incentive
structures, to better align financial incentives with @d&tctive deployment of DERs

Onetheory of regulation is that all regulation is incentive regulation and a utilityakiél the

course of action that provides it with the greatest reward for its shareholders and for the financial
health of its company and the integrity of its systBerformance based regulati@BR) has

been introduced ia number ofurisdictions The objective oPBR is to better align

theu t i lintetest @ith thdPublicinterests to create a wimin scenarioThere arenany

waysto design a PBR incentiv&hese include adding an incentive payment for and/or assessing
a penalty on the return @guity for positive or negative performance respectivehder

another methodology, ti@ommission can establish a lower return in a rate case and provide the
utility with the incentive to increase the return by taking certain actidmsamount of the

22 Migden-OstranderJ. (2015, Decemberpower Sector Reform: Codes of Conduct for the Fufiine Hectricity
Journal 28(10), 6979. Retrieved fromhttps://www.sciencedirect.com/science/article/pii/S1040619015002274
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potential penalty or reward needs to be clearly establist®R. is a powerful tool and needs to
be carefully thought througo avoidunintended consequences.

PBR also requires that the measures subject to performance regulation be unambiguous with

clear metrics and targeté/hich performancemetricsto useand howto measureéhem,should

be set forth in an order along with the target the utility needs to achiétrerespect to IDPthe

goal of performancéased regulatio(PBR)is to remove barrierand encourage utilities to view
distribution upgrades from a new lens whil&As can provide lower cost solutions that also

enhance clean energy objectivEgamples of possible performance metrics could include
increasedEE or DR targets, improving the process for interconnectioDGfor microgrids to

the utilityds system, successfully designing
demandand, solicitingDER solutions for system upgrades when it is more-effsictiveto do

So.

Another alternative ratemaking option to address utility lost revenues that carasectesult

of customers taking advantage of DER opportunities is decouyplimghich actual revenues are
reconciled periodically with authorized revente€nsure that the utility recoveise revenue
requirements authorized in its last rate cd$es can result in a credit or debatthe utility.
Decoupling is explained in greater detail in Section V.B.2.

Allowing utilities to offer valueadded servicewould create the possibility fahe utility to earn
revenues by providing a broad range of services enabled by the modern grid. The lines between
basic and valuadded distribution services are still being drawn and questions remain about the
role of uilities vis-&vis third-parties in the provision of these valadded services.

5. Coordination with Resource andTl ransmissionPlanning

PJM Interconnection is the RTO ttsrveshe MADRI jurisdictions?* In that role,PIM is
responsible for maintaining reliabiligf the bulk power systert the most efficient cost. It
utilizes markets to ensure generation supply meets demand levels in real time and to incent
investment in resources to retdime supply and demand baleain the future. Additionallyifs
long-term regional planning processeks t@nsure that power flows efficiently from generation
supply sources to the load across the PJM region.

At a minimum, PJM must ensutigat bulk power systemeliability is notimpacted by DER
deploymentOptimally, PIMwill seek to harness DER capabilities to enhance wholesale grid
reliability and market efficiency. To meet its responsibility of ensuring reliability at the most
efficient cost, PJMnay need t@ain greater visillity into the location and capability of DERS;
learn how to betteiorecastDER operations in real time as well as in future years; and explor
whether the retail market and wholesale market may be aligned in a manner that would allow
greater coordinationf the resources in response to +ale wholesale grid needs.

23 An example would be a utility focusing mostly on items subject to a performance metric to the detriment of
paying attention to other important areas of its operations for which no performance metric has been established.
24 The entire PIM footprint encompasses all or parts of 13 sémware, lllinois, Indiana, Kentucky, Maryland,
Michigan, New Jersey, Nor@arolina, Ohio, Pennsylvania, Tennessee, Virgama\West Virginig and the
District of Columbia.
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Accomplishing greater visibility, measuring and forecast capabilities, and operational incentive
alignment should benefit consumers through wholesale grid reliability enhancement and cost
savings.

Understanding how DERs are operatede=ial time vould enable PIM to make better wholesale
market dispatch decisions. If there are sufficient DERs operating and reducing wholesale
demand in a location, PJbbuldavoid dispatching the next more costgource to meet the
demandAnticipatingthe future deployment of DER®uldreduce the longerm load forecast

PJM relies upon in committing capacity resources and making decisions about transmission grid
enhancements to meet future expected demand.

If PIJM knows where DERS are located and underssdralv theyare operated®JM could

evaluate how DERs could potentiatigntribute tdoulk power systemeliability. This would

enableP J Mda@psrators to work with distribution companies to coordinate opesatidiich

could be especially valuabshould a circumstance arise where the DER operatight enable

PJM to avoid or more quickly and effectively respond to a wholesale grid emergency. Therefore,
knowing the location and quantity of available dispatchable andiispatchabl®ERs as well

as having the ability to communicate, either directly ooulgh the EDU (oanaggregator)

would be extremely beneficial.

When working on DERorecasting, PJM has focused its efféaslateon solar technology, as
nonwholesale solar PVhstallationsand the associated growth trend with that technology
repregnt the most significant form of DER today. To keep supply and demand in balance to
maintain reliability in real time, with the assistance of a vendor, &ilkéntlyforecasts the
hourly output of existing installed, nemholesale solar to factor and inporate those
expectations into its electricity market dispatch decisions. For example, if PJIM expects
distributedsolar generation to offset load it would otherwneed taservethrough wholesale
generationthis will reducethe amount of wholesale gengoa thatneeds tde commitedto
operate. To the extent that IDP also envisions hourly andterng solar forecasts, it may be
helpful to coordinate #seforecastsvith PIM.

To ensure that PJM doest overcommit resources to meet its resource adggegairements

in the capacity market, and to ensure it does not overbuild transmission faéilif\ésfined its
long-term load forecast that feeds those processes to factor in expected DER deployment. In
2016 PJM incorporated the impact of behitite-meter distributed solar generation into the
forecast. PJM considered historical installations that are tracked in the PIJM Generator Attributes
Tracking System and it relied on a vendor to provide projected future growth of behind the meter
solar. Thevendo6s f orecast is broken down by transmi ¢
state renewable mandates and targets, tax credits, net metering policy, solar capital costs, and
electricity prices. PIJM then performs calculations to equate the sum ofda@btostallations and
projected installations (measuredinmrmegawatthours otMWh) to an impact on the peak load
forecastmeasured in megawatts or MW)

The accuracy of both reéime and longterm load forecasting methods would be improved with

greatewvisibility into the behind the meter solar installations, including historical output,
location, and planned deployments. Additionally, any ability to receive telemetered output data
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(even aggregated data) through coordination with EDUs across the ANl oethe resource

devel opers/ aggregators would greatly enhance
reliability, market and transmission build out efficiency. Commissions should consider how
additional information and data may be provided to PJ&ttoeve the reliability and efficiency
benefits.

NOTE: Rerspective®f PJM staffon IDP and the need for coordinated planning are presented in
AppendixA to this guidance document.
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1. PROCESSFOR DEVELOPING AN IDP

The typical distribution planning process practiced by utilities for decaddsebadargely a
internalexercisewith little regulatory overgjht untilthe utility asks forcost recoveryn a rate
caseThere can be exceptions. Notably, in some jurtgzhs a limited set gbrojectsmay
require preconstruction regulatory approval

Regulatory commissions that adopt a formal IDP requirement will in most cases want to
prescribe, or at least outlinepeocesdor the development of such plans by utiktand for
more rigorous oversight by tli@ommissionBecause distribution system planning has
traditionally been entrusted to utilities, with lithepriori oversight or public engagement,
commissions may wish to review current practices of their usilliiefore designing a new
planning process.

Figurel belowillustrates how dypicaldistributionplanningprocessshown at the top of the
figure, compares to an IDP process as shown on the bottom of the figure
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Figure 1: Comparison of Typical Distribution Planning Processand IDP?®
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State commissions may want to consider additional or different steps or give utilities some
latitude in designing their owiDP process.

25Volkmann, Curt. (2018)ntegrated Distribution Planning: A Path ForwarridLab. Downloaded from
https://gridlab.org/publications/
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Some of the steps in the IDP process will require sophisticated seftaas Some of the
necessary toolsan be mapped to various utility systems, such as Advanced Distribution
Management Systems and DER Management Systems, but others are standalone modeling
applications. These technologies are at varying states of matwvitih some being fully
commerciaked and others in thesearch and developmestage. The technology requirements

to perform IDP will vary based on the planning objectives and the stage of DER penetration on
the grid. As such, the technology needs will evolve as IDP goals become ploistisated and

new stages of DER penetration are reachAed.S. Department of Energgport,Modern

Distribution Grid, Volume II: Advanced Technology Maturity Assessremtidesa helpful
frameworkfor identifying technology needs for IDP plannifg.

The remainder of this section presentwiaf explanation of the most important and universal of

IDP process stepslong with a characterization of the kinds of software technologies that may

be needed to complete each st@etails about theontentof the written and filed IDP, and some

of the challenges inherent in developing that content, are presented in later sections of this guide.

A. Forecast ofLoad and DER Deployment

The planning process begins with the creation of t@mm (or at least mediwterm)forecasts

of load and DER deployment for the utility service territory, which when combined result in a

net load forecast. By net load, we mean the gross customer deonatelctricity minus any

portion of that demand that will be served by beftimeimeter DERs. This is the load that the

di stribution system fisees0O and the utility se

Forecasting is foundational to the IDP process because it defines the ndedsystem over the
planning period. Traditional forecasting tools have focused on customer load growth rather than
DERs, and mainly re¢gd ondemographic and economic data and energy usage trends. However,
as DERs become more common, new models beconessay to forecast DER adoption
trends. These DER adoption models incorporate input about the economics of DER technology
(capital costs, O&M costs, performance data), policies supporting DER adoption, amdteven
designs. Technologies related to foréwasinclude:

1 Load Forecasting Modeland

1 DER Forecasting Models

The hallmark of an IDP process is granularitite forecagtwill need to be spatially and

temporally granular to enable a proper assessment of system needs and potential solutions.
Commissions will also need to decide whether to direct utilities to engage subject matter experts
or stakeholders in developing Hedorecass.

B. Assessment of Syster@onditions and Capabilities
The second major step in the planning process is to charadterizapabilities and limitations

of the existing distribution systenfhis requires a detailed review of the capacity of existing
infrastructure, as well as known problersitations, and areas of concer@®ne aspect of an

26 US Department of Energy2@17) Modern Distribution Grid, Volume 1l: Advanced Technology Maturity
Assessmenfvailable athttps://gridarchitecture.pnnl.gov/media/Modéddistribution-Grid_Volumell_v1_1.pdf
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IDP that sets it apart from ttaional planning processes is tlthis step ofin IDPprocessalso
includes (or should include) an assessment of
system (Hosting capacity analysis is discussed in greater det&gation 1VC.) Because

system conditions and hosting capacity can vary from one line segment to the next, the

assessment undertaken in this step of the IDP process must be very detailed and spatially
granular.This step of the IDP process, like the traditional distrdouplanning processyill

normally be completed by technical experts within the utility, possibly with consultation from

outside technical experts.

C. Identification of Projected SystemNeedsand Opportunities

In the next step, the assessment of curretésysapabilities is compared with the forecasts of

load and DER deployment (or net load) to identify locations on the distribution system where the
forecasted needs of customers will exceed existing capacity and capalilitizs same time,

this analyss can also identify locations whedeployment of additional DERs traditional

assets would have the greatest valiere again, the identification of system needs and

locational valuewill normally be completed by technical experts.

Power flow analysiss a critical element of IDP that identifies the operational characteristics of
the existing and planned distribution grilacluding how conditions change in relation to
customer load and DER adoption scenarios. Power flow analysis estimates voltagess,cu
and real and reactive power flow, whiafe used to identifgapacityconstraints on the
distribution system and identify optis to resolve system constraints. Power flow analysis
software will contain the following capabilities:

Peak Capacity Bhning Study

Voltage Drop Calculator

Ampacity Calculator

Contingency and Restoration Tpol

Reliability Study Toal

Time Series Power Flow Analysis

Balanced and Unbalanced Power Flow Anatysis

Load Profile Study Togl

Stochastic Analysis Topand

Volt-var Study Toal

= =2 -8 _8_9_9_95_4_-2_-2

Powerguality assessment studies the impact to power quality of increased penetration of
intermittent renewables and invertesised DERs on the distribution system, including voltage
sag and harmonic disturbances. Violationp@iier quality rules can reduce the efficiency of the
distribution system and damage sensitive equipment. The software packages for potyer quali
assessment typically include the following functionality:

1 Voltage Sag and Swell Study Toaind

1 Harmonics Studyool.

Fault Analysis is used to identify anomalies in the flow of current on the distribution system. In
an IDP context, fault analysis can model where faults are likely to occur on the system and
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define strategies to resolve power system failures. Baalysis software contains the following
modules:

1 Arc Flash Hazard Analysis Tqol

1 Protection Coordination Study Toa@nd

1 FaultProbability Analysis

Advanced Optimization tools are being developed to identify the optimal size, location, and
capabilitiesof DERSs that can provide grid servidesicluding NWAs and power quality and
reliability supporti subject to technical distribution constraints. Advanced optimization toolkits
model power flow for DER operations under maximum and minimum load condgtnehor
multiple planning scenarios to identify potential reliability violations. Distribution planners can
use the modeling outpuisom aDER Impact Evaluation Todb makesure that hosting capacity
limits are not exceeded, as well as to better valaB®and plan foNWAs.

D. Evaluation of Options and Selection of Preferred Solutions

After identifying forecasted needs, thianningprocess turns to a search feastcostsolutions
to satisfythose needs. The essence of an, l@flwhat sets it apart from a traditional
distribution system planning process, is ititegratedapproach. All options to address
forecasted needs should be considered on a fair and equal footing. This includes not just
distribution infrastructure investmentout als@reater use diIWAs such as
1 EE and DR programs that encourage customers to reduce energy consumption, shift or
reduce their peak demand, or provide ancillary services;
1 Utility investment in DG or energy storagehere such investmenarenotprecluded by
state policies or regulations
1 Customer and thirgbarty investmerstin DG, energystorageand othebehindthemeter
technologiesand
1 Retail rate designthat encourage customersstuift orreduce their peak demasd

A common approach tté evaluation of options is to first characterize the capabilities and costs
of potential solutions in a generic fashion, and then identify which options are potentially
suitable for addressing specific forecasted needs. Utilities may benefit from engatsitig

experts in the characterization of some options, and comnssgionld consider whether to
require or encourage such consultations. For exampliies may benefit from consulting with
third-party energy storage solution providers to get aettiland accurate assessment of the costs
and capabilities of thesapidly evolving technolags.In pursuing this route, however, utilities
should be encouraged to consult with multiple vendors to get a pepgsgective on the range of
options andcosts.

Some states may wish to employ an iterative approach to selecting solutions, in which options
are initially evaluated using assumed costs and capabilities but those assumptions are tested
through a formal request for information (RFI) from solution pragd@élternatively, the utility

or theCommission could issue a request for proposals (RF-BYlicit competitive bids.

27 AppendixB offers exampleshatillustratesome of thavays DERs have been beneficially used by utilities and/or
grid operators to meet distribution system needs
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Assumptions about costs and capabilities can then be replaced with actual data from an RFI or
RFP.

When all the suitable options havedn asssed, a preferred solution or set of solutwars be
choserbased on consideration of costs, capabilities, timing, uncertainties, and risks. Most states
will want to ensure that some degree of stakeholder involvement precedes any final decisions
about preferred solutions.

The final written IDP will cover all the steps up to this point. It will summarize the net load
forecast, capabilities of the existing system, projected future needs, options, and preferred
solutions to identified needs. Regulateommissions will need to decide before the planning
process begins whether and how to engage stakeholders and the public in review of the plan, and
whether theCommission itself will formally approve th®P or merely acknowledge that the

plan and the lanning process meet all legal requireménisiless these decisions are already
specified instatutes mandating a prescribed IDP process

E. Implementation of Solutions

Following any required stakeholder review or regulatory approvals of the IDP, thewiili

begin to implement the netgrm projects and actions identified in the plan. More detailed
assessments of specific projects may be necessary, and some types of projects (e.g., construction
of a new substation) may require additionalpoastructon approvals from the PUC, from
environmental regulators, or from local officials.

F. Ongoing System Monitoring

After each project or action is completetsid on an ongoing bastbge utility will need to

monitorand report to the Commission regularlysystem conditions to determine if the system
need has been met and to identify reapacityconstraints to address in future updates to the

IDP. It is also important to monitor load and DER deployment on an ongoing basis to determine
if the forecasts thatra used to identify system needs require modifications.
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V. CONTENT OF AN IDP

This section describes the content that regulators might reasonably expect to see im@uded
written IDPreportthat is submitted for their acceptance or approMaé information need not
be presented in an IDP in the order that it is described in this r&eonecommissions will
choose to specify the required content of the ID&ni©rdey while others may prefer to
promulgate regulations that set forth theglrequirements for an IDP

A. Description of the Current System

The purpose of a wutilityds distributuseon grid
customers. To accomplish this, the utility designs, constructs, and maintairefdly

engineered assemblage of equipment: electrical conductors; electrical insulators; transformers
(sometimes with associated cooling devices) to establish a desired voltage level on a specific
branch circuit; control devices such as breakers aagg¢b interrupt the flow of power when

this is needed; impedances (inductances and capacitors) to maintain power quality;
instrumentation such as voltage, current, power factor, and temperature sensors; power meters;
computers, dateecording device, andatadisplay screens; supporting structures (e.g., poles and
crossarm, steel towers, concrete pads); and security infrastructure such as fences around
substations, video cameras, and intrusion alarms. Each of the grid components has a capability
limit in the form of maximum currerdarrying capability, maximum operating voltage and
temperature, and in the case of supporting structures and insulators, maximum mechanical
loading. Large, higlvoltage transformers and associated control devices and sensors are
installed at substations that are often the interface between the transmission grid and the
distribution grid. Circuits branebut from the substations. Smaller transforsneperating at

voltages from 240 volts up to about 10 kV, are installed at palatg) the circuits and where
enduse customers are located.

The IDP should descrilz@e utility service territory and summarize information about the
number ofcustomes served by the utilityThe IDP should alsprovide data about key
distribution systenparameters, including:
i Status ofAMI deploymenby customer class;
Miles of underground and overheattes, possibly categorized by voltage;
Number and capacity of distribution substations;
Number and capacity of distribution transformers;
Monitoring and measurement capabilities ondtstribution systemfor example the
percentage of substations and feedersvhich the utility hagealtime supervisory
control and data acquisitig®CADA) capability;
Historical coincident and necoincident peak loads on the distribution system
Estimatedor knowndistribution system line losses
Amount of DG installed on the system (number of systemd nameplate capacity
kilowatts orkW) by generator typesioting geographic locatisras needed fglanning
purposes
1 Amount of distributed storage installed on the system (humber of systemetiagg
measured in kilowatts and kilowdtburs orkW and kwh;
1 Number ofEVsin the service territory

T
1
il
T
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Numberand capacityf public EV charging stations

Number and capabilities afy islandable microgrigls

Recent history of investment demand side managemeBH and DR and results
(energy and demand savings);

1 Recent history odlistribution system investmen(® dollars)categorized byeason for
invedment (e.g., replace failing equipment, increase capacity, etc.)

= =4 =

This characterization of the current system can be extremely detdiledugh utilities need to
collect thedetaikd informationevaluate needs and optionsh the modelsandselect peferred
solutions regulators should give clear guidance about the level of detail they expeet to
includedin the written IDP report.

B. Planned Retirements and Committed Future Resource Additions

The IDP should similarly escribe any knownor expecteduture asset changes on the
distribution systemcategorized by reason for investméittis should includglanned
infrastructureprojects, such ahescheduledeplacement of existing asseisadditions to
existingcapacity as well as plannedeployments of metering or SCADA technologi€kis
portion of the IDP should reflect decisions already made; it is separate framatlysis of future
needs and alternatives and the selection of preferred solutions.

C. Hosting Capacity Analysis

The DP report should provide a narrative description of ld@A performed. HCAs one of the
foundational steps in an IDP process and a necessary predicate to identifying grid needs,
proactively pursuing grid solutions, including NWAs, and optimizing the rbI2EdRs on the

grid. The term fihosting capacityo refers to t
the distribution system at a given time and at a given location, under existing grid conditions and
operations, without adversely impacting grid safatyeliability and without requiring

significant infrastructure upgradé&sAn HCA is an analytical tool that can help states, utilities,
developers, and other stakeholders gain greater visibility into the current state of the distribution
grid and its phygical capacity to host DERSs. In the context of an IDP, HCA is but one of several
other tools and approaches that should be considered and deployed to optimize DERs on the grid,
including, but not limited to: revised DER and load forecasting methodol@glesational

valuation analysis, and a grid needs assessment to determine where DERs might functien as cost
effective NWAs?°

%8Stanfield, Sky, S. Safdi, & S. Baldwin AudR.pt i mi zi ng the Grid: A Regul atordés |
Analyses for Distributed Energy Resourdesgrstate Renewable Energy Council, p. 3 (December)2017
available athttps://irecusa.org/publications/optimizitiye-grid-regulatorsguideto-hostingcapacityanalysesfor-
distributedenergyresources{ @ptimizing the Grid )

29 Optimizing the Gricat 1314; and Homer, Juliet (Pacific Northwest National Laboratory), A. Cooke (Pacific
Northwest National Laboratory), L. Schwartz (Lawrence Berkeley National Laboratory), G. Leventis (Lawrence
Berkeley National Laboratory), F. Flor&spino (National Reswable Energy Laboratory), and M. Coddington
(National Renewable Energy Laboratorgjate Engagement in Electric Distribution System Planning (Executive
Summary)pp. iii-v (December 2017), available attps://emp.Ibl.gov/publications/statmgagemenelectric
( $tate Engagement in Electric Distribution Planrony
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The main factors that influence hosting capacity are: (1) the precise DER location; (2) the nature
ofthe load curve onthefeed ; (3) the feederds design and
characteristics; and (4) the characteristics of the DER techn#lddne hosting capacity of any

given feeder is a range of values, which depend on the specific location and type of resource in
gueston. The results of the HCA are typically displayed visually in the form of a map, which
color-codes feeders or line segments according to their hosting capacity range, published with
accompanying datasets containing the more granular underlying datmapseand datasets

together provide public access to hosting capacity values by location along with information on
specific operational limits of the grid and other important grid characteristics, including areas on
the grid that might be able to accommadatiditional DERs without violating hosting capacity.

Directing a utility to develop an HCA is an important first step in gaining a better understanding
of the current conditions of the distribution grid, including any operational limits impacting the
ability of DERs to interconnect to the grid. In addition to its function within IDP, HCA can also
help provide the necessary transparency to streamline the interconnection process f@eBERS
Sectionll.E.2 abov@ and help developers identify locations where there is more available
capacity to host DERs or design DERs to fit within operational constraints. If deployed with
intention, HCA can support more efficient and eeective choices about deploying DERs on

the grid and derive the most economical grid solutions.

Several states are requiriregulatedutilities to deploy HCA, including California, Hawaii,
Minnesota, New York, and Nevada, with most working actively to integrate HCA inté'iDP.
Others are in th early stages of exploring HCA, such as Colorado, Maryland, and the District of
Columbia®2 Additionally, several utilities are deploying HCA outside of the context of more
formal state requirements, includiG@p@mmonwealth Edison (ComEd) in lllincesdPeco

Holdings, Inc, which owns several utilities iotherMADRI jurisdictions 3 It is important to

note that there are multiple HCA methodologies, each with different capabilities and limitations.
HCA model providers continue to refine their tools, and ei®dnd methodologies continue to
evolve with time and experience. As such, one of the key choices state regulators will need to
make at the outset of an HCA process is deciding on which HCA methodology to adopt.
Whether just beginning to consider or atfgactively exploring HCA, regulators and utilities

30 For helpful references, refer two publicly-available EPRI publicationd) EPRI. (2018)Impact Factors,
Methodsand Considerations for Calculating and Applying Hosting Capagitiilable
at: https://www.epri.com/#/pages/product/000000003002011009/?lang¥ERRL (2016).Integration of
Hosting Capacity Analysis into Distribution Planning Todwvailable at:
https://www.epri.com/#/pages/product/3002005793/?lang+®&n

3! State Engagement in Electric Distribution Plannatgv; and Nevada Public Service Commission Docket No. 17
08022 Investigation and Rulemaking to Implement Senate Bill 146 (2017); and Newdfor Utilities, Case 16
M-0411, Supplemental Distributed System Implementation Plan, p. 49 (1 November 2016).

32 See: Colorado Public Utilities Commission Docket 2@594E Review Of ERP, RES and Integration Rules;
Maryland Public Service Commission DotlC 44 In The Matter Of Transforming Maryland's Electric
Distribution Systems To Ensure That Electric Service Is Cust@uatered, Affordable, Reliable And
Environmentally Sustainable In Maryland; and Public Service Commission of the District of CoDoubiet
FC1130 Modernizing Energy Delivery Structure.

33 Optimizing the Gridht 4242; and Pepco Hosting Capacity Map, available at:
https://www.pepco.com/MyAccount/¥Service/Pages/MD/HostingCapacityMap.aspx
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can take steps to understand and gain familiarity with the different HCA methodologies, their
functions, their capabilities, and their limitations (leveraging the learnings from other states and
utilities that are further along in their adoption and implementation of HEA).

Regulators overseeing an HCA should consider establishing a transparent public stakeholder

process at the outset to help develop the HCA use cases and garirefdsukie objective®f

the HCA. Regulators should also provide clear and explicit guidelines to the utilities for HCA

development and deployment to ensure alignment with those objectives and ensure the HCA will

meet its stated purposes. Such foundational work prior to gevelat and implementation of

the HCA will help ensure the tool is both used and useful, and that the time and resources

committed by all involved stakeholders (including regulators) are efficiently spent. To this end,

the following questions and considecais can be useful to ask and answer at the outset of an

HCA effort:

1 What process will the Commission establish to allow for stakeholder impug HCA
development process (i.e., a series of workshops, meetings, a workgroup, written
comments, etc.)?

Whowill be allowed to participate in the process?

Will there be a facilitatofor the process and how will he/she ensure effective and neutral

reporting of stakeholder input and outcomes?

What is the timeline for the process?

How often will stakeholders bexpected to meet to produce each deliverable

andin which stages of the HCA development and implementation will bleeypvolved?

1 What are the specified deliverabfesm the utilities and other stakeholdénsoughout
the process?

1 What protocol is neextl to allow fomonutility stakeholders to revieandprovideinput
onthe HCA tool development?

1 How will transparency of data, assumptions, and methodologies be assured for all
participating stakeholderdfthere are data privacy and/or confidentiatityncerns, those
should be discussed at the outset to identify workable solutions to allow stakeholder
access to key information.

= =

= =

Whether and to what extent an HCA can be used to develop an IDP, informoshongterm

grid investments, and/or supptine streamlined integration of DERS is directly connected to
several factors, including: the defined use case(s) for HCA, the underlying methodology to
support those use cases, and the assumptions used to run the HCA model. As noted, regulators
and utilites should carefully consider and articulate their goals for the HCA and define the use
cases at the outset of any formal regulatory effort. There are two principal applications, or use
cases, for an HCA: 1) assist with and support the streamlined intexct@mn of DERs on the
distribution grid; and 2) enable more robust distribution system planning efforts that ensure
DERs are incorporated and reflected in future grid plans and investments. A third,
complementary function of an HCA could be to inform jpigcmechanisms for DERs based on
separate analyses to assess the benefits of DERs based on their physical location on the grid and

34E.g., Case Studies for California, New York, Minnesota and Pepco Holdings CoQjiciging the Gricat 32
42); andState Engagement in Electric Distribution Planning.
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their performance characteristi®&Regulators overseeing and guiding IDP efforts should be
aware of and familiar with the distinctions and tradeoffs between and among HCA
methodologies and models. Different HCA methodologies can result in different hosting capacity
values due to differenéchnical assumptions built into the models, and the methodological
choices in an HCA can significantly impact whether the results are sufficiently reliable and
informative for the intended use cases, whether for an IDP, for interconnection, or to inform
other gridrelated investments. Commencing an HCA process without clear uses and goals
creates a real risk of duplicative expenditures by utilities, which are ultimately borne by
ratepayers. By clearly articulating the goals of the HCA planning use cgatgtoes can ensure
that an effective HCA tool is developed. To help inform this understanding, regulators, with
stakeholder input, should consider addressing the following questions at the beginning of an
HCA process:

1 Whatstatepolicy goals, if any, wilktheHCA support?

1 What are the use cases theHCA and how should they be defined?

1 How will it be ensured that the HCA methodology selected by a utility can support the
defined use cases?
What are the limitations of the different HCA methodologies?
If there are two (or more) defined use cases (e.g., IDP and Interconnection) can the same
HCA methodology and/or model be used to support both?
Will the HCA be developed in phases? If so, what will each phase address?
If developed in phases, how wilie HCA be scaled over time (i.e., will HCA be
performed across the entire distribution system at the outset or only on those feeders with
the greatest projected DER demand; will it be performed on spigee feeders in
addition to thregohase feederg)
1 What have other states adopted and what has been their experience.

= =
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The accuracy of the HCA data, how HCA information is displayed and shared, and the
transparency of the data and the underlying methodology will all impact its usefulness for its
defined se case(s). In the context of IDP, for example, the HCA may need to be run on the
entire distribution system under different scenarios about assumed DER gooaghrarying

time horizonsRegulators should also consider how frequently the HCA needstm ve

ensure that results are sufficiently up to date, and the level of accuracy is necessary to meet the

35 Optimizing the Grid at 5.

36 For example, in the Nevada Public Service Commission Docket Na8AZ2, Investigation and rulemaking to
implement Senate Bill 146 (2017), the Alternative Rule NAC 7884 3) woul d require a fApha
developing the hosting capacity analysis: Nevada Energy (MEM file an initial analysis using thermal and
voltage criteria for as many feeders on the system as possible by April 1, 2019, followed by asatysis for
all feeders in the system, adding protection, reliability, and safety criteria, filed by June 1, 2021. Between the
initial and second phases, NVE would engage with participants to identify pilot programs and projects to test the
initial methodlogy and share the findings from the implementation of any pilot programs and projects with
participantsAdditionally, following each filing required by Alternative Rule NAC 704.948X, the Commission
would set forth a process for stakeholder comment patgo public notice. See NevaBablic Service
Commission Docket No. 1@8022, Investigation and Rulemaking to Implement Senate Bill 146 (284dthe
New York utilities proposed a four stage HCA roadmap, with each subsequent stage increasingvieneféscti
complexity, and data requirements. See New York Joint Utilities, Cab0411, Supplemental Distributed
System Implementation Plan, p. 49 (1 November 2016).
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planning use case goals. Regulators should consider requesting the following information from
the utility to ensure the HCA can be as useful asiplessand that the tool can be validated,
adapted, and improved over time:
1 How granular is the HCA, and to what extent will the published maps and data files
reflect that granularityi.e., down to the line section and node level)?
1 How many load hours arodes are evaluated?
1 What extent of theistribution systemwvill be covered by the HCA.e., entiresystem
high priority portions, incremental expansion over time, &¢.)
Whattypes of DERs will be modeled (i.©G, energy storag&Vs, or all DERs)?
Is the HCA technology neutraf?
How will HCA data be published and displayea system maps?
o What kind of colorcoding will be required on system maps?
o What level of granlarity will the maps reflect (e.ghosting capacity data for each
line section or only at the feeder lev&l)
o Will data display boxeserequired on the mapand if sowhat information
should utilities be required to display? (eanHCA value for eals power system
limitation or the overall HCA at a poinEXisting and queued generation? The
feeder load profile?)
o What kind of DERgeneration profile will theiser be able to select?
o Will hosting capacity maps be provided for both generation and load?
1 Will the underlying data be publicly accessible?
o How will the underlying data be shar@slg.,through downloadable and sortable
data files or in a machirgueryableformat)?
o What underlying data will be provided (e.gach operational constraint anzdy
or only the limiting constraint) and at what level of granularity?
1 Are there privacy, cybenr physical security considerations to consider when sharing
HCA data? If so, what are the concerns and how can they be addressed and managed?
1 How frequentlywill the HCA results be updated and publislieel., realtime, weekly,
monthly, annually, etc??°
1 How will HCA results be validated over time?

= =4 =

37 fithe California utilities, for instance, mapped all thpk@se lines in the test areasd are exploring expanding
the HCA to singlephase lines and reserving for future analysis interactions with the transmission system (such
iteration of the tool is a good example of how HCA efforts can be phased over time to become more sophisticated
androbust). Xcel Energy in Minnesota has proposed excluding feeders serving low voltage networks in downtown

Mi nneapolis and St. Paul areas, @pimidngthdGricate2l.n ot been prr
38 For example, at the direction ofthe Califai a Publ i c Utilities Commission, the
transl atord available to users to determine the hostir

& Electric Co., R. 14080 1 3 , Paci fic Gas & EIemonstratiotProeospéaBind s (U 39

Reports, Appendix A (Demonstration Projed AEnhanced Integration Capacity Analysis, p. 16 (Dec. 27, 2016);

New York and Minnesota are just focusing on solar of a certain scale in their initial analysis. See: New York

Pubic Service Commission, Case-M-0411, Order on Distributed System Implementation Plan Filings, pp. 10

15 (Mar. 9, 2017) and Xcel Distribution System Study at pp. 8 (focusing HCA analysis on smaltaleDG

technologies); Xcel Energy, Dkt. EO02/M5-962, Supplemental Comments: Biennial Distribution Grid

Moderni zati on Report, pp. 9, 11 (Mar. 20, 2017) (expl e

excluded from [ Xcel 6 s DBR&AAdeEtaencahl nycsli asgdi easn df me®DERMIcde Indgs d e
39 For planning purposes, less frequent updating may be required if scenarios are only needed on a periodic basis

(such as annually or as approprjatkeeOptimizing the Gricat 20.
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Lastly, to the extent regulators are overseeing HCA development across multiple utilities, efforts
to ensureconsistency in approaches and methodologies amlbregulatedutilities within the
regulatory jurisdictions likely to help simplify and streamline the implementation and oversight
process, while also ensuring a more consistent and efficient utifizatite tool.If utilities are

at different stages in their ability to adopt and deploy HCA, regulators can help establish clear
guidelines and direction to ensure consistency in approaches and models over time.

D. Load and DER Forecast

The IDP report should includel@ad forecast that covers every year of the planning harizon
Similarly, the IDP should includi®recasts of expected annual additions of each type of DER on
the distribution systenThe report should also describe the md#halata sources, and models
used to develop these forecastsad forecasts can then be combined with DER forecasts to
develop net load forecasts

Utilities and regulators are increasingly aware and conceinedt he growing complexity of
netload foreasting.New technologies, such &/s and electric air source heat pumps, could
significantly add to energy and peak demand requirements, mbile efficient appliances or
appliances wittautomatedR capabilitiescould significantly reduce those requinents.

Flexible technologies like energy storage might have bitleoimpact onenergy but
significantly change load shap8$e confounding factdior plannerss that eistomers, not the
utilities themselves, ultimately control the rate at which DER® energy end usease deployed
and thewaythey are usedr his makes forecasting more challengihgn ever before
Methodologies for forecasting DER adoptiamd its impact on loadontinue to evolve, such that
the best available techniques at the tihved an IDP is developed may be superseded by the time
the IDP is updatetf

Because forecasting is increasingly comger uncertainutilities and regulatoraow
commonlyuse a range oforecastscenariogo inform planning processdsor examplemultiple
load forecasts could be developed using different assumptions aboututarel PV
deployments in the service territogommissions should strongly consider givgudance to
utility planners orspecificload and DER deployment scenarioassesi the IDP. The IDP
report shouldlescribe the assumptions underlying each sceaasdtyzed

E. NeedsAssessmenRisk Analysis
The IDP report will need teummarize both the methods and the results afidleels assessment

step. This is the step where the current and planned capabilities of the distribution system are
assessed to see if they can adequately serve the forecasted naftitloiacthe needs assessment

OYFor t oda yvwesffersbne patertially helpfulesouceson forecast methodologies) Mills, A. (2017).
Forecasting load on the distribution system with distributed energy resoluaesence Berkeley National
Laboratory. Downloaded from
https://emp.lbl.gov/sites/default/files/11b. _gmlc_mills_forecasting_dg_necpuc_training) pidvotny, G.
(2018).A better way to forecast DER adoptidZiean Power Research. Downloaded from
https://www.cleanpower.com/2018/forecals-adoption/ 3) Interstate Renewable Energy Council. (2018).
Cornerstone for Next Generation Grid Activities: Forecasting DER Groltiwnloaded from
https://irecusa.org/2018/02/cornerstdnenextgeneratiorgrid-activitiesforecastingdergrowth-2/.
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portion of the reporthe utility shouldfirst explainthe criteriaused to assess reliability and risk
andthe modeling tools and methods useddentify future system needd he IDP report should
thensummarize theesults of theassessment, beginning with the identified needs. Finally, the
IDP report should dribethe criteria used to prioritize grid investments and the results of that
prioritization exerciseThesethreeelements of the needs assessment are described below.

1. Reliability/ Risk Criteria and Modeling Tools/Methods

Reliability at the distributia system level isommonlymeasured based on the average duration
(System Averagénterruption Duration Index or SAIDI) and frequency (System Average
InterruptionFrequency Index or SAIFI) of interruptiofdany utilities have established goals

for these metricer been givenargets (sometimeassociateavith performance incentives) by
regulatorsin those cases, tlgoals or targets should be explained in the IDP report with a clear
explanatiorof how the netric isdefined and applied to the planning process.

Resouce adequacknetrics that are commonly assessed for the bulk power system, dosh as
of load expectatiorare not typically appliedt thedistribution system levelnstead, it is
common to ompare theapacity of variouslistribution system componeritstheir historical
utilization and expected maximum future loadingsdentify overload conditiond he system
will of course be assessed under normal, intact conditionpldruters may alsassess how the
system hol dkceontipgenciesiich as the Nnscheduled loss sfraglefeeder.In

any event,lie IDPreportshould explain the criteria that are usgdplannergo determine if the
system has adequate capacity and capabildisdiably meet projected customer neelds.
should also explain the components of the syggem,circuits or substationgp which each
criterion is applied.

In addition to minimum design criteria, there ni@eymore ambitious related goals. For example,
planners might adoptfam limit for deviations from nominal voltaget t he c ustb omer 6 s
plus or minudive percent, while adoptinggoal of limiting imbalances on feeder circuits to

plus or minughree percentAnother criterion that might be usedto limit the loadingon feeder

circuits to some percentage (e.g., 75 percent) of rated capacity under normal conditions to allow

for switching of loadrom other feeders the case of ML contingencies.

Although reliability metrics like SAIDI and SAIRAill not directlyfactor into tle assessmeraf
system capacityutilities that are falling short of their reliability goals majopta more
aggressive approach to planning for reliabiiyprovementghan utilities that have already
reached their goals.

The IDP report shouldlsoclearly explain the modeling tools (i.e., software) and modeling
methodgincluding a description of contingencies and scenarios evaluatgdyere used to
assess systeadequacy and performanegth respect to the established criteria and goals

2. ldentification of Constraints on the Distribution Grid

There is a complex interplay among variables that establishes a maximuoatoadg capacity
for overhead power line&dentifying constraints on the existing distribution system is an

39



important part of the IDP needs assessmiebnstraint, in this caext, is any condition or
consideration that may limit the capability of a distribution system component to serve load.
Constraints can be related to equipment thermal ratings, power quality criteria that must be
satisfied, reliability criteria, worker setfy requirements, or the need for system protecon.
example, foreliability and safety reasons, there is a minimum distanceligtaibutionlines
mustbe away from the ground, structures, and vehidles.temperature of a conductor is
determined #p a combination of ambient air temperature and conductor material and size, and
current flow. The length of a suspended conductor increastesstesperature increases, which
meanghat the lowpoint of the line falls closer to trees, structures, letoaost of the U.S., the
amount of line sag is greatest wry hot summer late afternoons and early evenings when lines
are fully loadedThis phenomenon poses a constraint on pegarying capacity of overhead
circuits, where each crossing of a roadway tnesevaluated.

There are basicallijve reasonsvhy grid components needplacement over time:

i. Breakage or damageA common reason for early replacement of polires poles is
breakage caused by vehicle impact, or excessive mechanical loading lopicssed
build-up on conductors, extreme wind velocity, and/or wprdpelled tree limbs and
debrisimpacting poles or conductoBeyond these causes, any component may be
subject to premature failure simply because expected life is a statistical valie, an
few units in the population will have a significantly longeshorter timeto failure.

ii. Age-related degradation As the various components of the grid age with time they
are subjected to varying temperasjtdtravioletradiation, wind loadingssibration,
and operating cycles, all of which cawseinevitable degradation of some of the
physical attribute®f thecomponentsThe effects of this ageelated degradation are
one reason that components that require properly functioning electricaltiosyl
such as transformers and insulated conductersd to be periodically replaced.

iii.  Increase in the served electrical lcad he powerdelivery capability of each circuit
is designed with a maximum load delivery value under expected ambient
conditiors (i.e., outdoor temperature, which has a significant influence on load), as
determined by the circulty-circuit load forecast analystiat utilities typically
perform each yeaHowever, severatears after some circuits are built and placed in
operatia, it is not unusudr theload forecast to show that the growth rate is
expected to have a large increase 8 years in the future because a new housing
development and/or new large buildings are now going to be built; plans that were not
known at theime(s) when the earlier forecasts wpreparedThe new forecast
shows that the new peak load will reach or exceed the power delivery capacity of one
or more circuits, which means that the utility should plan to replace some of the grid
components witharger powerdelivery ratingsin some cases, when the new
forecasts for several circuits in a region of the grid show greater loads in the future,
the utility may decide it is time to build a new substation to serve the region.

iv.  Exogenous Factors, suchtesndsin climate changer new security threats
Theincrease in the frequenof severe stormandhurricanes, rising sea levels, and
new security threatsaveresulted n t he need t o fAhardenodo or
assetgo establish a more acdaple level of resiliencyin the case afubstations,
solutions includenstalling additional intrusion detectors atohstructing concrete
and steel barriers to protect vulneraptel assetérom bullets and winédorne debris,
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and surrounding them withermsto prevent flooding, backed by pumps to remove
any surface water higher than a predeterminéel Iszel. To maintain uninterrupted
power delivery, Airel ocationodo of power | in
by first constructinghewlines aml installing new transformers and associatedstam
higher elevations, and then removing the existing, more vulnerable circuit
components.
v.  Significant technical enhancements available in new equipm@ucasionally
studies will demonstrate that premia replacement of existing grid components with
new versions with added features and technological advances will result in cost
savings. A prime example is the replacement of power meters that record cumulative
kWh and peak kW over a period of time wAlMI systems, which store
kWh readings over successive brief intervals of time, and then automatically transmit
the stored data to a central Adigital war
computation of monthly bills to be sent to eumsk custorers.

As noted above, the most common constraintslarine inherent pealkoad delivery limit, as
determined by the capacity of a specific transformer or power line, and 2) the likelihood of
damage to a power line or supporting structure (e.g., pole broken by vehicle anpact
extreme weather event).

3. Prioritization of Needs

The need for an upgrade to the péadd delivery capability of a circuitrdarger portion of the
grid is a routine occurrence that cannot be ignored. Howsweste upgradesan be deferred in a
way that produces lonagrm cost sangs.On the other hand, damage to the grid caused by
severe weather eventgaytriggerthe need formmediate remedial actioithe point is that even
necessary upgrades will vary in terms of their urgency and priority for action.

The IDP report shouldearly describe the criteria used by planners to identify or rank the
highest priority and then document the results of this prioritization exercise. The result will be a
transparent explanati@nd categorizatioof thedistribution systermeeds that raqre

immediate actiomearterm action or longer-term action

F. Evaluation of Options for M eeting ForecastedNeeds

The most essentidctorthat separates an IDP from a traditional distribution planning process is
the integrated consideration of all possible solutions to identified needs. In the traditional
processyirtually every need would be satisfied by finding the least costilty-owned
transmission or distributiomfrastructure investment that solvedchproblem:e.g.,a new

primary or secondary lin@r a new transformenr a new substation, etm an IDP process,

those traditionaloptions aresupplemented wh equalconsideation ofNWAs, includingtargeted
applications of energy storade, DR, andEE. Changes in rate design whiaffect peak

demand may also be consider&tle goaremainsto find the least costlpption for ratepayers,

but in IDP the preferred option may may notincludetransmission or distribution infrastructure
and may or may not hgility-owned.

41



The IDP report shouldescribehe assumed capabilitiasdcosts of eacloption category
consideredThe evaluation of options generally assumes that utilities can purchase as many
traditional assets as are needed to saldestribution system problem; howeveechuse the
adoption of customeowned or thirdparty owned DERs is not unlimiteglanneramay need to
assess the amount of DERs that might reasonably be deployed in time tdengBéd need

EE potential studies, for example, could be used to estimate how much EE cputitbedin

a targeted areaver a given timeframd&.he planners mayeed to solicit data dyids from

vendors to accurately characterize the availability, costs, and capabilities of DERS.

Ultimately, the IDP report should identify the preferred solution and compare the expected cost
of that solution to the expected cositifier options thawvere deemed technically capable of
meeting the need. In some cases, the preferred solutioberegombination of resourciesor
example a combination tdrgetedEE, targetedR, and traditional distribution infrastructure
(butwith the infrastructure asseszed smaller and costing less thathére were no EE or DR)

If the IDP processisal a range of assumed values or asskssétiple scenarios, the report

should also explain how the preferred solutions were selected@s whre the least costly

option varied depending on assumptions or vaaEoss scenarios.

G. Action Plan

An IDP should include an Action Plawhich is the culmination of the process in which
numerous scenarios are consideieedevelop the begiptions for meeting forecasted neetise
purpose of an Action Plan is to set forth the implementation actions that need to be peirformed
the near ten, e.g.during the first four or five years of the planning peridte Action Plan is
thenthe guiding document for tf@ommission, the utilityand the stakeholders to rely upon

when making planningnd investmentecisions for the distribution system.

The Action Plan shoulthcludethe plans for soliciting the deployment of DERs as well as plans

for permitting, constructing, preparing required repatsl other significant activities where
replacement, upgrades expansion of utilitynfrastructurehas been identifieds the best

option Plans for the retirement or retrofit of existing major equipment should also be identified.

The Action Plan should include a timeline that establishes the sequence of events for each action
to be takenFurther, theAction Plan should includevhere appropriate, plans to solicit

competitive bids throughRequest for Proposptocessin this manner, th€ommission can
conveniently track the utilityds progress 1in

The Commission should rule on the Action Plan, with the options to approve, disapprove or
modify the Plan, which then becomes the guiding roadmap until the next thRction Plan
areapprovedCommissions may also want to consider allowing some flexil§titychanged
circumstances depending on the length of time between approved IDP Actionhelaaeser,

the Commissioshould retain the authority to review and approve any major changes.

H. Summary of Stakeholder Engagement

The IDP report should exaih the ples that stakeholdemayed in developing the plan. This
should includeat a minimumdentifying the involved persorandtheir organizational
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affiliations, summarizing any stakeholder meetings that were convaneaoting any

opportunities for commenhat were afforded outside of stakeholder meetifge.term

stakeholder should be broadly construed here to include experts from outside the utility who may
have been engaged as exeltisors or who may have provided data or data analysis.
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V. CHALLENGES FOR DEVELOPING AND IMPLEMENTING AN IDP

The process of developing an IDP raises new challenges for everyone involved. In this section,
we will examine some of the key challenges for utility commissions, utilities, customers, and
DER providers.

A. Commissions

The utility industry is facing a learning curve as new technology and changing societal priorities
redefine the electrical grid. The issues are pervasive and complex. They include, for example,
historical regulations and commission practice, utility ptiesiand legacy systems, customer
knowledge and benefits, and optimizing and valuing the DERs themselves. This next section will
highlight some of the issues thatlity commissions need to address in developing and
implementing an effective IDP.

Commissons may need to consider different approaches than their traditional regulations and
practices. Most have not had experience with granular and detailed planning processes for grid
investments at the distribution level. Historical tariffs, rules, and ipescvill have to change in

order to align costs withprices The need for an efficient and e
DER deployment in an empirical and letegm sustainable manner grows as technology

advances, societal goals sh#hdhard and sofDER costs decrease, resudf in resources

beconing less centralizedt is imperative that a commission understands the goals it is trying to
achieve and how it wants to try to achieve them, and works to reduce the challenges and barriers
that might harnits progress towards those goals.

Commissions should make sure they have the right staff capacity and expertise to oversee and
implement an IDP. As covered abotee new elements that make up developing and

implementing IDP are varied hese elementsaaire new expertise and add on new

considerations for traditional areas. For example, IDPs and grid modernization add new elements

in engineering, operations, information technology, communications; simorfongterm

investments, customer education, aatg design, among other areas. The work is more varied

and complex than simply expanding any current workab@mission does to ensure a reliable
distribution grid to calculatethgrid 6 s r evenue requirement of embe
marginal) costsar to design retaitates.

Commissions will need to open what has traditionally been a rather opaque pooces=sag

the transparency arefficiency of the distribution grid. Investments and methodologies that led
to the current grid will be examined a much closer level than befo@ammissios should

make sure this transition is orderly, leads to benefits for the grid, and is not retroactively
punitive.

There are two important aspects to DER implementation and compensation. First, IDP planning
should incorporate least cost options and if a DER alternative will save ratepayer money over a
traditional utility wires approach, then the DER alternative ought to be adopted. The second issue
is that DER ought to be compensated based on value to thenalgoal is a fair and equitable
resolution such that there are no rate subsidies either for the DER provider or the utility
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ratepayers. While some DER adoption might come through a utility planning process, much of

the DERdeploymenivill fall outsidethe ut i |l it ydés control as custon
energy use and installing DERSs. In either case, the gaaitinig rates and compensation ought

to be to ensure that the benefits of DER are passed on to consumers in their bills and that the

DER providers are fairly compensated for the benefits being providesl is where establishing

good rate designs becomes important.

1. Rate Design

Customersd decisions about whether to install
energy consumpn patterns, their retail rate design and prices, and the potential costs or cost
savings of installing the DERGetting retail rate design right is critical to ensuring that

customers with DERs can enjoy bill savings without creating any subsidies fnem ot

customers. It is equally important in the design of rates to ensure that the right price signals are
sent and that rates align with costs. This will matter for all customers, whether they have DERs

or not, and it will help to optimize the efficient aodsteffect use of the grid.

It is well understood that the costs of power supply in the PJM wholesale electricity market vary
from hour to hour, day to day, and year to year. They also vary by location. The variation in
wholesale energy costs is exprdsn shorterm locational marginal prices (LMPSs) that reflect

the availability of generators with different operating costs and the availability of transmission
capacity to deliver generated el ectritthety t o
longerterm cost of securing adequate generation resources to meet projected peak demand, also
vary by location, season, and year (not hourly). Customer demand for energy in every hour of
every day is the key driver of shaerm wholesale energy dss Customer demand during

critical peak hours for the bulk power system is the key driver of leteger transmission and
wholesale capacity costs.

Distribution systems are sized primarily to meet peak demand at the local level. There are few
variable @erating costs in the distribution system. Almost all delivery costs are fixed in the short
term. Thus, the costs of delivery by electric distribution utilities tend not to vary by hour or
season in the short teri@ustomer demand during critical pelaburs for the distribution system

is the key driver of longeterm distribution capacity costs.

Retail rate designs can send price signals to customers that reflect thesershartd longer

term cost drivers and thus encourage consumption that isreaily efficient (i.e., customers

use energy when its value exceeds its cost). Over the long term, all costs are.varigble M6 s
wholesale capacity market secures generation capacity three years in advance. Investments in
transmission and distribution cagity eventually wear out and must be replaced. The size and

cost of those replacements will depend on pea
i ndividual peak demand, or the customerds con
or the bulk power level, can increase or decrease-teng capacity market costs and

transmission and distribution costs. This reality can be reflected in retail rates even though some

of these costs are not variable in the short term.
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Time varying rates casend a price signal that better reflects the cost of electricity supply and
delivery and gives customers one avenue for reducing their bills and recovering the cost of their
investments. These kinds of rates help ensure the benefits of DER are passeodnsniners in

their bills and that the DER providers are fairly compensated for the benefits being provided.
Customers can use behavior or technology (e.g. DERS) to save money by redasungption

or shifting usage away from peak perio@se type ofime varying rate and one of the most
popular is Time of Use rates (TOU) which divide the week into blocks of time during which
electricity has different prices. For example, the volumetric rate for electricity supply might be
five times higher during theftarnoon and early evening of weekdays when compared to
overnight hours. The length of the blocks of time, the number of blocks, the ratio of on-and off
peak prices, and other variables can all be adjusted by the Commission to best sulit its

j ur i s dneedd. A aiticd geak pricing component can be added to a TOU rate that reflects
the unusually high cost of procuring power during a system peak when customers are being
encouraged to moderate usage. It is used infrequently throughout the year anly fygpiaal

limited number of hours.

Another type of time varying rate is real time prices. These rates follow the wholesale markets

and generally expose the customer to the volatility and price risk that load serving entities deal

with every day. Since thaustomer is taking on thask, they generally save money by avoiding
paying a risk premium, even i f they dondét <cha
behavior and technology to strategically use more or less electricity at different tithesdaly

and further reduce bills. While the rate the customer will be paying is known either through the
day-ahead or reaime wholesale markets, the customer does not have certainty more than a day

out on what they will be paying for electricity suppBecause of the complexity, volatility, and

need to monitor market prices, typically only large industrial customers subscribe to this rate.
Residential customers of the lllinois utility ComEd have proven to be the only exception to this
generalruleinta PJM f ootprint: more than 10,000 of C¢
opted for real time pricasthough it should be noted that this represents only a small fraction of

the residential customers of this very large utility.

TOU rates can be offered am optin or optout basis. Most consumer advocates prefer an opt

in basis in which customers can make an informed decision to alter their rate schedule. If

customers are put on eptit TOU rates and do not understand how the rates work, they could be
theunwitting recipients of large billsand the utility and the Commission could be the recipient

of a large volume of angry calls. Education is key. One helpful educational tool is to provide
customers with a Ashadow bi ltibnal, nenfi@Ucrdte, vhato ws t h
that customer would have paid under a TOU rate. This gives the customer a point of comparison

and an opportunity to experiment by altering usage patterns and seeing what the potential bill
savings could be.

Utility commissionsin the MADRI jurisdictions have authority to set retail rates for delivery and
for default power supply. They cannot control the prices or the rate designs offered by
competitive retail energy suppliers. Thus, compared to commissions regulating vertically
integrated utilities, MADRI commissions have less ability to reflect4@mm cost drivers in

retail rates, though they still have some limited ability to do so. Tiaptevides an illustrative
example of a TOU rate design that might be suitable fovelsli(distribution) and default power
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supply. It sends price signals to the customer that reflect bothtehoraind longierm cost

drivers. Delivery charges are somewhat lower forpafik consumption, and much higher for
critical peak consumption, torse a price signal about losigrm distribution capacity cost

drivers. Default power supply charges are more variable than delivery charges, because they
reflect both the variability in longerm generation capacity costs and the stesrh variability in
energy Ccosts.

Table 1: lllustrative TOU Rate Design for Restructured Jurisdictions

Distribution Charges Unit Residential
Customer Charge $/Month $4.00
Off-Peak $/kWh $0.040
Mid-Peak $/kWh $0.050
On-Peak $/kWh $0.060
Critical Peak $/kWh $0.240

Default Power

Supply Charges

Off-Peak $/kWh $0.03
Mid-Peak $/kWh $0.04
On-Peak $/kWh $0.08
Critical Peak $/kWh $0.50

Policy decisions around rate desaye likely toinfluence DER adoption ratel particular,
attemptst¢ hange how much of the util idharggsandkc ost s
how much through demand charges wihkke some DERs more valuable, and others le$3os0.
example, shifting more of the cost recoverglémand chargesill decrease the value of EE and
DG, butincrease the value of DR and energy storage resources.

2. DER Compensation

Retail rate designs create inherent incentives for customers to install some types of DERSs.
Customers can avoid charges on their utilifisbiy installing DERs. If the avoided charges are
greater than the cost of installing the DER, the customer saves nBaridgcusing exclusively

on retail rates and customer bill savings overlooks the fact that some DERs can provide value to
the distribdion (or bulk power) systermnot just to the customer with the DERhe challenge

for utility commissions is to create appropriate compensation mechanisms for DERs that provide
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system value, so customers with DERs can receive that value and customeaus BERS can
benefit from it without subsidizing it.

Utility commissions across the country have most commonly addressed DER compensation

through net energy meterinbliEM) tariffs for DG, rebates and incentive payments for EE

measures, and incentive paymeeor rate designs for DR programs. In addition to these common
approachesnany commissions across the country are now conducting analyses to calculate
compensation for DER using Value of Resource or Value of Service methodologesponse

to a growng interest in DER compensation issues,Na&onal Association of Regulatory Utility
Commissioners (NARUC) published a comprehensive reference on DER rate design and
compensation approaches in 2#16 (hereafter, t

In Value of Resourcapproaches, compensation is calculated based on the specific resource or
category of resources that provide benefits to the Grid. The most common example is a Value of
Solar tariff. For valuing the costs and benefits of DER to the grid, the NARUC Marteal no

AMost met hodologies currently being used c
of the following: 1. Avoided energy/fuel; 2. Energy losses/line losses; 3. Avoided

capacity; 4. Ancillary services (may include voltage or reactive power sjipport

Transmission and distribution capacity (and lifespan changes); 6. Avoided criteria

pollutants; 7. Avoided [carbon dioxide] emission cost; 8. Fuel hedging; 9. Utility

integration and interconnection costs; 10. Utiiyministrations11. Other

envibmmme nt al factors; and 1%. Reliability fac

In Value of Service approaches, the compensation is based on the value of the service provided,
based on the type, location, and time of service, and is agnostic on the suitable technology used.
The first step in this process usually is exploring the different services that dBRrovide to

the grid. Providing energy is only one of the many services and commissions must ensure that
DERs are fully compensated fall grid benefitsin the 4th Reprt from Lawrence Berkeley

Nat i onal sFEFw@uecEkdrt dtiityRegulatio(FEUR)seriesDistribution System

Pricing with Distributed Energy Resourc&she authors used as a starting point 24 smart

inverter functionslescribed iran EPRI technil report**

“ NARUC Staff Subcommittee on RateeBign (2016).Distributed Energy Resources Rate Design and
CompensationWashington, DCThe National Association of Regulatory Utility Commissiondygailable at:
https://www.naruc.org/ratdesign/

“2NARUC Manual at page 133heManual cautions, in a footnote, d@Alt is i
this strategy are similar to those afforded to traditional generation resources. If a jurisdiction identifies additional
benefits, such a job eation, it should be considered outside the development of the rate itself and can be treated
as an adder or compensated for in some other manner . 0

43 Hledik, R. and Lazar, J. (201®)istribution System Pricing with Distributed Energy ResourtBL-1005180.

Retrieved fromhttps://emp.Ibl.gov/publications/distributiesystempricing

44 EPRI has since updated its report on smart inverter functions: EPRI. (2@béon Functions fd8mart

Inverters: 4th EditionRetrieved fronhttps://www.epri.com/#/pages/product/3002008217/?land+®n
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Another compensation methodology is Transactive Energy (TE), which is a newer concept that
compensates DER through local markets that operate automatically onte-peer level
overseen by the utility or another regulatory body. The NARUMAI describes it as follows:

TE is a concept developed by the GridWise Architecture Council (GWAC) and Pacific
Northwest National Labs (PNNL). TE is both a technical architecture and an economic
dispatch system highly reliant on price signals, robestetbpment of technology on both

the grid side and the customer side, and rules allowing for markets to develop that enable

a wide variety of participants to-t@grovide
peer o component di fdftheotherbptiang dissussddthertinc o m ma n

Pricing these various grid functions is a complicated task for any commission. Ultimately, the

goal of many jurisdictions will be to let local TE markets price the services. Value of Resource

and Value ofService methodologies could be used as an interim step toward TE or as a final step

for commissions that decline to implement. T low levels of deployment and at the very

beginning of deployment, NEM rates that credit DER customers at their fullnettaitan

continue tdoe used. Setting values of different benefits to the grid involves controversial issues,

such as whether to use shtmtm or longterm costs and benefit&dditionally, the values will

change over time and by location. The categafadifferent costs and benefits to be included in
calculating a customerds compensation are als

Any Commission attempting to transition to one of the lased methodologies should leave
adequate time for a robust empirical studyhe value DER can provide to the grid in their
jurisdiction.Once the values are known they can be implemented in different pricing models, as
illustrated by the four indicative examples in the FEUR Report N®6TAe Buy/Sell

Arrangement, also known as Buy All/Sell All, would include the Value of Resource or Service
methodologies, in which a customer pays the normal rates for retail delivery services and then
receives compensation for the specific services providéhe grid. The Procurement Model

more closely resembles TE but in this case the utgityiests proposalsr needed services and
aggregators bitb provide those serviceShe compensation earned by customers is solely

governed by a separatelateral agreement between the aggregator and customer. The last
indicative example of pricing models is a DiPecific rate, which would be much like a partial
requirements rate but for a separate subclass of residential and small commercial customers. The
repat also includes an indicative Granular Rate which unbundles the different delivery services
(and includes locational adders). Under this model the DER customer avoids costs threugh self
supply but 1 sndét necessar il yvalyeprovideddoghd grid.i r e c t

Commissions also need to look at the environment that DER will be deployed in and make sure
that current rules do not unduly hamper DER growth. For instance, the existing statutory
authority, or existing commission rules, ntapresent an outright prohibition to some business
and ownership models that would lead to beneficial DER deploymbimt party ownershipf

4 NARUC Staff Subcommittee on Rate Desi¢016).Distributed Energy Resources Rate Design and
CompensationWashington, DCThe National Association of Regulatory Utility Commissiondygailable at:
https://www.naruc.org/ratdesign/

46 Hledik, R. and lazar, J. (2016 Distribution System Pricing with Distributed Energy ResourtBNL-1005180
Retrieved fromhttps://emp.lbl.gov/publications/distributiesystempricing
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rooftop PV is one example of many of the innovative ways to deploy DER for customers who
may not be able to finae or purchase a PV system outright. Some jurisdictions may not allow
these arrangements or may even require utility ownership and control of PV. Another indicative
example would be legacy stéds that treat residential customers with rooftopt/sames a

large and sophisticated corporate generator.

3. StateRules thatProhibit/ I nhibit DER Deployment

Existing administrative rules should also be examined to see if any of them are unduly working
against healthy DER deploymehtterconnection rules area@xample of an area in which

customers may face long delays, confusing requirements, or high costs altkpeggence in

other jurisdictions, such as California and Hawaii, have shown that at low deployment levels
small systems proposed for distributi@eder lines with ample capacity should have easy and
quick screens that allow them to forego more extensive and expensive interconnection studies. It
is also beneficial to make sure customers have generahatmnabout project feasibility

before invdving the utility or third parties, for example through online capacity maps that allow
them to see where DERire needed and where additional capacity invessmeight be

required.

Commissions should ensure their regulations address modern technblitgglso staying
flexible enough for future changes and thirarty business models. Technolegpecific rules,
such as requirements for smart inverters or intenayility standards can help steer resources in
directions that can provide more benefitsl @ptions for the customers and grid.

Lastly, regulations regarding customer electrical data oftentimes have not caught up with the
advancements in technology and need updating. Insufficientrdétg and protocolsas well as

insufficient utility opeational capabilities can be a large and complex barrier to DER

deployment. As technology and communications advidheedata produced concerning a
customer s energy usage wil/l i ncrease in gran
now interactiig with interval data broken out into smaller and smaller durations. Partially

because of this vast expansion of the volume of data, many utilities have looked to outside

vendors, usually soalled cloud providers, to help store and analyze all this neav dat

In some jurisdictions, the Commission reserves the right to include additional questions on
related issues that may not be expressly addressed in an IRP. In a similar vein, to the extent that
an IDP does not cover with sufficient detail the topicsr@siekd in this section, the Commission
could reserve the right in its rules to require that this information be provided through a series of
Commissionissued questions.

4. Data TransparencylOwnership
It is crucial that the privacy of customsgpecific datdbe protected with modern cyber security
best practices. Commissions should ensure utilities know what is expected of them, are following

the latest best practices artba& for adequateaecovery of any associated cosk$is should be
done using industrgtandards The commi ssionds need to know w
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in place for which cost recovery is requested should be balanced with any concernbeabout
Commission knowing too much of the specifics.

Many advocates believe that customeraushod fAowno t he data that the
third parties produce. This is a complicated topic but a customer owning their data seems like an
effective protectionHowever, what is probably most important, regardless of whether customer

data owneship makes sense for one jurisdiction or another, is that customers have the same
protections, access, and ability to share their data as if they awned

This includes a safe way to share their customer identifying data with third plastiessh to
market and price potential services to those customers. This should be achiepsatesdhat
is as seamless and easy as possible, while still protecting custbfasysjurisdictions use
Green Button Connect My DatdSome are also looking to includéher standards, such as
OpeniD used by banks. Data privacy and security best practices do not require a utility to
prohibit or needlessly complicate a customer sharing their data, regardless of ownership.

There also seems to be value in making aggrdgatd anonymous data availalgerhapsvith

a small processing fee, to researchers and other interested parties. This allows independent
analysis of the impacts of various products on bills or for the identification of savings
opportunities for certain load types. The data is usually anongimigstripping out any

customer identifying information and aggregat
usage cannot be disaggregatadany event, no customspecific information should be shared
without the customerés explicit written conse

Commissions have difficult changes ahead but forethought, empirical analysis, and enough time
for an orderly transition will greatly help with these challenges.

B. Utilities

DERs interact with thgrid in ways that were not imagined when the system was originally built,
and utilities consequently face a variety of new challenges that affect their ability to plan for a
reliable and cosgffective distribution systenT.his section discusses some pttrchallenges
facing utilitiesandbriefly reviewsa few possible approaches to addressing tMADRI states

will undoubtedly need to assess the relative importance of these challenges to their
circumstances and how to approach any potential solutions.

1. Visibility and Data Quality

Onemajorchallengefor utilities is thatoperation of the electrical distribution grid increases in
complexity as DERs are deployed. For instance, the utilities have not historically had to
incorporateDGO s -waw power flavs coming from behind their residential meters.
Maintaining safe and reliable operations now requires more data than ever before

As regulators and utilities endeavor to develop an b€ may need to address whether
thereare limitations in the datavailable to plannerand/orin theability to process existing

47 For mae information on the Green Button Program, gbttp://www.greenbuttondata.org/
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datato develop the necessary grid information tools to inform the A3Rhe IDP process

outlined above indicates, planners need accurate information about current DER deplayments
1 Properlyassess current system conditions, hosting capacity, and locational values;
1 Forecast future supply, demand, and system constraints; and
1 Assess potential solutions to forecasted system needs.

The term of art used by boit $i pillainhegré KHadi sg s
means having sufficiently accurate data about the locations, capabilities, and status of DERs to
enable sound planning and system operatidrack of visibility can lead to bad infrastructure

investment decisions, inefficiesystem operations, amdliability problems.

Although there are not likely to be actual physical constraints on the grid that would prevent a
utility from deploying an IDP, the existing grid infrastructure ntieyit the level of granularity
and sophistication of the analys&se following are a fewonsiderationso keep in mind:
T ASmart Met e Deploymentof AMVLD all customeiis useful for gathering
more granular customer data, more precise load forecasts, and other data that can help
inform future grid planningThis does not mean thatVl deployment is a prerequisite
for IDP. Using existing metering data as a starting point can help compare information
gaps and opportunities earn from other utilities that have deployed AMI. Though an
important consideration, metering infrastructunewd not be an impediment to getting
started on an IDProcess®
1 Interconnection dataand DER databasesFrequentracking of interconnection
applications andatabases of existing DER on the gr&h provide an important starting
point for developing @learem nder st andi ng of the gridds <cu
anticipated future conditiores theyrelate to DER deployment. Not all utilities track,
report, and/or maintain updated interconnection data, though arguably this is part of the
existing interconaction review process amlduswould not be too difficult to develop in
a sharable publicly transparent format. DER databases can also be scrubbed of
proprietary customer data and used to provide information about existing grid conditions
and DER adoptiotrends.Processing this dafar the purposes of an IDP will
requireconsistencyver timein how the data is collected, trackeshdreported.
1 Advancedinverters: Theadoption of thdEEE 15472018 standardwill result in a
number of changes to DER iaftructureincluding the inverter functionalitiesy allow
for near reatime responsiveness to grid conditions. IEEE 13018 will alsoeventually
resultin adoption of newcommunications and contradgpabilitiesto enablehe tweway
flow of informaton between utilities and DER customers. Thougdtespread
implementation of this standard is still a few years off, these forthcoming cheinydd
be considered in the development of any IDP, and revisited once IEE2Q%87s fully
rolled out with canpliant technologies available in the marketpléte.

48 One of the earliest accomplishments of MADRI was the creation in 2005 of an AMI toolbox, which was
significantly updatedn 2008.The AMI Toolbox compiédreports and studies as well as other svabed
resources thavereaccumulated by MADRI support staff as they evaluated AMI strategy opfibesoolbox is
archived on the MADRI website dittp://www.madrionline.org/resources/atnilbox/.

49 Lydic, Brian, Smart Inverter Update: New IEEE 1547 Stadsland State Implementation Efforts, Interstate
Renewable Energy CoundR3 July 2018)available athttps://irecusa.org/2018/07/smamverterupdatenew-ieee
154 7standardsand-stateimplementatiorefforts/
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1 Customer preferencesUtility customer surveys regarding DER adoptan be useful
to inform IDP,while keeping in mind thatustometrpreferences are likely to shift over
time as market conditions anther economic factorschange and cust omer s6 a
not always mirror their stated preferenc@ensistent and regular surveys teuseful in
informing an IDP effort (and, alternativelfjgregoing such investigations may limit the
accuracy of an IDP)

1 DER and Load Forecasting MethodologiesT he future growth of DERs on the
electricitygrid doesnot have historical precedent, amilities andregulators will need to
account for this fact as they adjust how they plan for and invest in their
electricity systems over the lorgrm. Ideally, accurate DER forecasts will help utilities
and stakeholders answer related questions: When will DER growth occur over time?
Where on the grid will that growth occur? How will these new DERs operate? What
impact will this growth have on future load forecast$fese and other considerations are
relevant tahe effectiveness and accuracy of DER kadl forecasté the context of
IDP and grid investmentand they can bkmiting factors if not addressed proactivéfy.

1 Understanding the different impacts of DERtechnologies orcustomerload: The
distinct performance characteristics and related consumer behaviors associated with
DERs are extremely relevant to DER and load forecasting, and thu3 élBtain these
data,utilities will need AMI (for customers with DERS, if not necessarily all customers)
or they will needo collaborag¢ with DER customers and thirgarty providers tanonitor
andgain insight into the variances in load behavior over time due to the adoption of
DERs.Absence ofhis informationmay hinderefforts to develop more robust IDR$i0t
addressed.

2. LostRevenue (the Throughput Incentive)

Under traditional cosbf-service regulatiofCOSR), the retail rates charged byiavestor

owned utility are approved by a utility commission in a rate case. The approved rates are
designed to recover the wutilityds fixed and v
of return for itsshareholders, based on detailed assumptions about consumer demand for

electricity and the costs of serving that demand.

Retail rates for large commercial and industrial customers have traditionally consisted of three
parts: a fixed meont iy dolsdbddhemaodaohahyeo (
per kW of maximumdemandjand an fenergy chargeo (in cents
utility recovers most of its fixed costs of serving those customers through demand charges and

most of its variald costs through energy charges. Rates for residential and small commercial
customers, in contrast, have traditionally consisted of just two parts: a customer charge and an
energy charge. For those customers, a utility using the traditional rate desigrsatofixed

50 McConnell, E and Johnsor. (2018).Cornerstone for Next Generation Grid Activities Forecasting DER
Growth Interstate Renewable Energy Counéilailable athttps://irecusa.org/2018/02/cornerstdoenext
generatiorgrid-activitiesforecastingdergrowth/

51 The billing determinant for demand charges varies from one utility to the next. The charge is most commonly
based on the cuagtdemad ddes avery shortdimd inteaval 1g., 15 minutes) at any time
during the monthly billing cycle.
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and variable costs of service almost entirely through energy chaipesn e k Wh at a t i m
Thus, a tiny portion of the wutilityds fixed c
Il n between rate cases, I fer kWh @ reduteithieir peak desnand u st o

in KW below what was assumed when rates were approved, the utility may fail to recover its full

cost of service. Variable costs will go down with reduced sales, but fixed costs will not, and the

retail rates were designéadlrecover fixed costs through variable demand and energy charges.
Conversely, if the utility sells more kWh or customers raise their peak demand higher than

assumed, the utility may collect revenues greater than its cost of service and exceed its
authorzed rate ofreturnl hi s i s t he essence of the fAthrough
utilities under traditional COSR have an inherent incentive to maximize throughput, i.e., kW and

kWh sales.

The throughput incentive can be particularly poweldulrestructured utilities, such as those in

the MADRI footprint, that are responsible for energy delivery but not energy supply. Most of the
costs ofdeliveringenergyi i.e., the costs of maintaining an adequate distribution syistme

fixed in the slort term (between rate cases).

The throughput incentive can be a challenge for utilities implementing IDP because deployment
of DERs can reduce energy deliveries or peak customer demand, resulting in lost revenues and
decreased profit§ his has been wetlocumented, especially with respect to the impacts of EE
measure$? Fortunately, practical@utions for addressing the throughput incentive exist.

One option is to use smart rate designs to properly compensate owners of DERs and minimize
lost revenugroblems. With that goal in mind, in February 2016, the Regulatory Assistance
Project (RAP) prepared a report at the request of the MADRI Steering Committee on designing
tariffs for customers with D@ NARUC later published its comprehensive referencehin t

topic, previously noted (which cites the MADRI paper on designing tariffs as well as many other
resources)? RAP has also independently published two guides on smart rate designs that align
energy charges and demand charges with-tangcosts of serge, one for residential customers

and one for nomesidential customers.

Another common approach to addressing the throughput incentive involves revenue regulation,
al so known as r &nderreveruedécdupliog thepClommmisgion@stabésthe

52 See for exampleNational Action Plan for Energy Efficiency. (200A)igning Utility Incentives with Investment
in Energy EfficiencyPrepared byal R. Jensen, ICF International. Available at:
https://www.epa.gov/sites/production/files/2608/documents/incentives.pdf

53 Migden-Ostrander, J., anBhenot, J(2016).Designing Tariffs for Distributed Generation Customdvi®ntpelier,
VT: Regulatory Assistance Project. Availableldtps://www.rapnline.org/knowledgeenter/designindariffs-
for-distributedgeneratiorcustomers/

54 NARUC Staff Subcommittee on Rate Desi@2016).Distributed Energy Resources Rate Design and
CompensationWashington, DCThe National Association d?egulatory Utility Commissionerd\vailable at:
https://www.naruc.org/ratdesign/

55 See: 1) Lazar and Gonzalez. (2013nart Rate Design for a Smart FutuRegulatory Assistance Project.
https://www.raponline.org/knowledeggenter/smartatedesignfor-a-smartfuture/ 2) Linvill et al. (2017)Smart
NonResidential Rate DesigRegulatory Assistance Projebttps://www.raponline.org/knowledegenter/smart
non-residentialratedesign/
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ut i lrevenyedesuirements in a rate casthe standard manndRetailratesare then

periodically adjustedusuallyannually,through a rider) to reconcile the difference between

actual and authorized revenubghe utility underrecovers, tare will be a surcharge on
customer so bil |l s tConvarsalk iactugbrevenoes exdeed alitkorizedch c e .
revenues, there will Thegoaistoensudeithatthe utilitycrecasiveso me r s
its revenue requiremeritsnothingmore and nothing legsand is not penalized for taking

actions that are in the public interest but reduce $alasMiay 2006, a MADRI working group
developed and published a Revenue Stability Model Rate Rider at the request of the MADRI
Steering Committe®’ This detailed proposal was one of the earliest attempts to mitigate the
throughput incentive through a decoupling mechanfimce then, many states have adopted
decoupling mechanisms for regulated electric utilities, as indicatéigume?2.

56 RAP produced two useful references on this topic, the first being a guidsoty #ind the second being a manual
for designing decoupling mechanismsREgulatory Assistance Project. (201Bgvenue Regulation and
Decoupling: A Guide to Theory and Applicatidhontpelier, VT: Regulatory Assistance Project. Available at:
https://www.raponline.org/knowledegeenter/revenueegulationanddecouplinga-guide to-theoryand
applicationincl-casestudies/ 2) Migden-Ostrander, J., and Sedano, R. (20D&coupling Design: Customizing
Revenue Regul ati on MaontpeYen, WT. Re§ulatoty AsSistande Prioject. Availabke st
http://www.raponline.org/knowledgeenter/decouplingdesigrustomizingrevenueregulationstatepriorities.

5" The moderaterider is archived on the MADRI website attp://www.madrionline.org/wp
content/uploads/2017/02/madrimodelrateri®0605-16-1.pdf
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Figure 2: Status of Decoupling Policies in the U8
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3. Utility Capital Bias

As discussed above, tHeP process willhelpregulatorsdentify system needs anldetypes of
resources that could potentially meet those nek@slitionally, the utility woudl own and
control the assets meetitigpseneedsBut nowsome of thedentified systemmeeds can best be
met througDERSs In addition to posing problems with cost recovery, these types of
resourcegan also erode utility shareholder profits unithertraditional COSR model

Under traditionalCOSR utilities create shareholder value by adding capital assets to their rate
base and earning a rate of return on the residual value of these assets as they depreciate. The
carrying cost on capital asse&presents the time value of money and risk born by utility
investors. To continue generating shareholder return, utilities must continually replenish and
expand the ratbase. In contrast, operating expenses are usually treated astlarpagh

expense lad do not contribute utility earning$his creates a utility investment preference for

58 Natural Resurces Defense Council. (2018). Downloaded January 21, 2019 from
https://www.nrdc.org/resources/gasdelectricdecoupling
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capital expenditures (CapEx) rather than operating expenditures (OpEx) when seeking solutions
toaddressgridneedsa fcap®* al bi as.

A secondbut relateccause of capital bias occurs when the regulated rate of return is set above
the utilitiesd true cost of capital. This cre
for expanding capital base.

The legacy regulatory model worksivwhen the utility is the monopoly provider of grid

services and when grid services are universally provided through capital investments (e.g., poles,
wires, substations, etc.). However, this paradigm is being challenged by the emergence of
customessited DERs that are capable of providing equivalent grid services, often at lower costs.
Under the status quo, any distributed assetsday or eliminate utility distribution system
investmenwillr e d u c e s hopportuhites ta eanawthorized prafs. But ideally the

decision to meet system needs through asssd solutions or servikmsed solutions will be

decided based on which solution set provides the best value to customers, rather than which
solution set has more favorable regulatory treatt for shareholders.

Regulators are investigating opportunities to level the playing field between CapEx and OpEXx
for the provision of grid services. One option is to allow utilities to earn a rate of rettotabn
expenditures (TotEx}imilar to howthey earn a rate of return on CapBExapEx and OpEx

could potentially earn different rates of return based on different costs of investmentSér risk.
The lllinois Commerce Commission has initiated a rulemaking to allow utilities to ratebase
investments irtloud-computing softwargif it reduces total costgas an option to address the
capital bias in one area of utility investmé#t.

Performance Based Regulation (PBers another optiorfor addressing capital bias and
aligning utility shareholder intests with leastost IDP solution§3 PBR consists of suite of
tools that regulators can mix and match to besttkaineeds and norms thieir jurisdiction.

591n academic circles, the capital bias is often refetr t o a s -Jtohhen sfioAv eEfcfhect 0 based on
journal publicationAverch, H andJohnson, L. (1962Behavior of the Firm Under Regulatory Constraint
American Economic Review. 52 (5): 1032069. JSTOR 1812181

80 This second cause of capitahbiis explained in detail itkihm, S et al.(2015. You Get What You Pay For:
Moving Toward Value in Utility Compensatiohme r i c a 6 s . ARailableat Pl an
https://americaspowerplan.comMgpntent/uploads/2016/07/CostValBarttRevenue.pdf

61 This option is discussed ildvanced Energy Economy, June 200®timizing Capital and Services
Expenditures: Providing Utilities with Financial Incentives fo€hanging Grid Availableat
https://info.aee.net/hubfs/PDF/Op&apex.pdf

52 llinois Commerce Commission on its Own Motion Initiating Proposed Rulemaking Relating to the Regulatory
Accounting Treatment of ClouBased Solutions. Case No.-0855. Available:
https://www.icc.illinois.gov/docket/CaseDetails.aspx?nc8835

63 Two recent publications on performanzased regulation may be helpful.Lhwry, M. andWoolf, T. (2016).
PerformanceBased Regulation in a High Distributed Energy Resources FufigteSchwartz, L. Vol. FEUR
Report No. 3. LBNE1004130Available at:http://etapublications.Ibl.gov/sites/default/files/IbaD04130.pdf2)
Littell, D. et al. (2017)Next-Generation PerformaneBased Regulation: Emphasizing Utility Performance to
Unleash Power Sector InnovatioBolden, CO: National Renewable Energy Laboratory. Regulatory Assistance
Project. Technical Report NREL/T6A50-68512. Available athttps://www.nrel.gov/docs/fy170sti/68512.pdf
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The most common approach to PBR worldwide is the nyelir rate plan, whicls a variation
ontraditional COSR that enables utilities to operate for several years (typically four or five)
without a general rate casken attrition relief mechanisppotentially paired with revenue
decouplingautomatically adjusts rates or the reveremguirementn between rate cases using
forecastr indexed trend$o predict futureutility costs.This is considered a form of PBR
because a utility that does a good job of controlling its future costs will collect revenue beyond
the revenue requirement and incresisareholder profits, while one that fails to control costs

will reduce profits.

More expansive forms of PBR can partially or fully replace rate base as the driver of utility
shareholder profits. Instead of allowing an authorized rate of return on Capts fioted

above, TotEXx), regulators could instead establish performance incentive mechanisms (PIMs) as
one of the drivers (or the only driver) of shareholder profits. RIMsist of performance

metrics, targets and financial incentives. PIMs have kegrloyed for many years to address
performance in areas such as reliability, safetgEE. In recent years, PIMs have received
increased attention as a way to provide utilities with regulatory guidance and financial incentives
regardinghow well they enble the coseffective deployment dDERs and the implementation

of new technologies and practices.

A commission can use these and other similar tools to address the capital bias and greatly
improve the IDPs produced by utilities and the value they geota the public interest. By

better aligning utility shareholder interests with those of custoroensmnissionsare then free to
optimize DER deployment and compensation through rate design or other DER compensation
methodologies

4. Potential for Stranded Assets

Under traditional COSRgnlyu 't i | i t y i nv eusetl aneé uséfod itnh aptr cawied ifin g ¢
to customers ar e al | &mderdertaincircunts@ncgmstiniesthentd s r at
by utilities that were included in rate base maydeemed to be no longer used and useful in

serving customer$:or example, investments in new air pollution control equipment at old coal

fired power plants may not be fully depreciated for decades, and some of those power plants may
retire before the phltion controls are fully depreciatel.hes e assets become fist
and the utility and regulator will need to determine what elements of the originabedst
recovered from ratepayers and whateha@dere ment s s

The risk of stranding existing utility asseisuld be a challenge in developing and implementing

a comprehensive IDP. This is because an IDP could reveal opportunities for distributed solutions
that are coseffective for customers but thaduce the usefulness of,demand placed

on, existing assets. In other wordghendeveloping an IDP, utilities might m®ncerned with
whethertheir existing assets will be replaced before they are fully depreciated.

The challenge of assets becomitrgusded as a result of increased reliance on DERs through
detailed integrated distribution planning is likely to be most relevanitiidy -scalegeneration

and pollution controhdssetsThis is generally not a big concern in MADRI states because most

of those states have fully restructured their power sector and now preclude utilities from owning

58



generation asset$ However, there is also a possibility that investments in the distributio
system itself (e.golder, lessadvanced metering technologiesuld become stranded as new
technologies emerge and as load profiles on distribution circuits chBmgdeads to a concern
of ensuring that investments in new technology wilubefulthroughout their depreciable lives
and will not become obsolete.

5. Ownership and Control I ssues

There is a debat&crosshe country aroundhich entities should be allowed to own, operate and
control DERs and the services they can provide. Whereas traditional distribution facilities and
services (e.g. poles and wires) seem to retain their natural monopoly status and features, there is
debate abouwhether monopolwtility companies should be allowed to provide distributed

energy services thabmpetitiveenergyservicecompanies can provid®lany utilities believe

they are best suited to providesteffective DER solutions and see this as a nagxpansion of

their traditional role. Notutility DER providers argue that these products and services belong in

a competitive market.

The decision about what types of DERSs, if any, utilities can own and control has implications for
the development arichplementation of a comprehensive utility IDP. If the least solutions

involve some combination of nartility-owned assets, such as customer or {pady-owned

solar and storage, utilities will need some assurance that they will have visibdithént

operation of those assets and that they will be operated in ways that meet identified distribution
system needdVithout this, utilities will be likely to prefea potentially more expensive, utility
owned solutionOne option is to add language tetandard interconnection contract that sets

forth the obligations of the DER to provide the visibility needed. The standard contract should be
subject to regulatory approval to ensure that the requirements are not burdensome and a barrier
to entry.

Disagreements about whether utilities should be allowed to own DERs could comahd&ie
proceedinglf utilities identify aDG solution as best for a particular area but they are not
allowed to own the asset, it may be that they have to conduct somé&iathef procurementf
they canét control the asset and the owner
distribution system costs, they may not be able to implement that solutibay lare allowed to
own thegeneration asset, utilitiesill have a bias toward their own solutions and may not be as
forthright with data for third parties who wish to bid for any open opportunifiasutility is
permitted to own assets that compete with tpiadty suppliers, the operation of the business
should, at a minimum, be functionally separated and subject to a code of &&nduct.

641n some jurisdictionsholding companiesan own distribution utilitiesnd merchant generation companies, but
the finances of the regulated utilities and the merchant generators are isolated from each other. Stakeholders have
sometimes disagreed over whether customers of the regulated utilities are completely protectedifrancidle
risks of the merchant generators, but resolving that debate is beyond the scope of this guide. Ohio allows
distribution utilities to apply for approval to own generation and recover costs in rates, but only if the utility can
demonstrate a need tlo so. Since Ohio restructured its utilities in 1999, no such approvals have been granted but
at least one such application was pending before the Commission in March 2019.

8 Migden-OstranderJ. (2015, Decemberpower Sector Reform: Codes of Conducttfee FutureThe Hectricity
Journal 28(10), 6979. Retrieved fromhttps://www.sciencedirect.com/science/article/pii/S1040619015002274
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For storage assets, there are ongoing conversations in MADRI states about if and under what
circumstances utilities should be allowed to own storage assets behind eéhéemgeton

customer premises) or in front of the meter (FTM).(out on the distribution or transmission
system). For example, stakeholders in Maryland deeelagproposal to the Public Service
Commission that would test different business modelddptoyment of storage, including one

model that would allow utility ownership of FTM storage and another that would require utilities
to contract with a storage provider for their needed distribution system séfVBmsause

storage has unique attributiat allow it to provide multiple benefit streams (e.g., it can reduce
distribution system costs, be bid into a wholesale market as a capacity resource, and provide
onsite baclkup energy for a site host) the decision alwhich entiiescan own and contidhe

use of a storage asset has implications for what benefit streams will be prioritized and how those
benefits will eventually accrue to ratepayers. For example, concerns have been raised that if
utilities are allowed to own and rabase the costs of®age investments, any revenue the utility
might receive by bidding the resource into PJM needs to be netted out from the costs that
ratepayers encumber to ensure that utilities do not earn a profit in the wholesale market-on a rate
based assethis is aalogoustoanof yst em sal e of generation whe
revenues goes to the consumers with a small percentage kept by the utility as an incentive to
engage in the best transaction possiBlenversely, storage that is owned bihiad party might

be optimized to reduce customer bills rather than meet distribution system needs, making it
difficult for utilities to rely on that resource in an IDP.

C. Customers

Customers who are interested in owning or hosting DERs face their owihcéetlenges,

relating to education, equity, access to financial products, physical limitations, and other issues.
These challenges can make it difficult for an IDP to identify and execute the bestoia3ER
portfolio. A fundamental challenge for stomer adoption of DERs is that it is frequently

difficult to determine if compensation for custonstted DERS is adequate and fair. Customers

will install DERSs if they provide value through bill savings or other revenue streams that exceed
installation ad operational costs but currently it is a challenge for customers (and DER
providers) to determine the total value proposition that DERs will pré&Vide.

1. Customer Education, Engagement, and Acceptance

Customer education and engagement is critical ta bmdmentum for DERS, especially in the
residential sector. While larggmmercial and industriglustomers often employ dedicated

energy managers, the residential customer must consider energy choices with limited knowledge
and a multitude of competing prities. The benefits and costs of DER ownership are poorly
understood by customers, and in many cases the policies delineating the benefits and costs are
still being developed.

S6https://webapp.psc.state.md.us/newlntranet/Casenum/Newlindex3_VOpenFilitegmi?t CYAdminDocketPubl
icConference®C44172\PC44L etter2(AttachmenttBtorageWorkingGroupprogramproposal.pdf

7 This issue of customer compensatiomigre thoroughlyliscussedn section V.D.1. since it iss much of
challenge for DER provide s it is for customers
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Studies showhat a large majority of customers care about clean eneths aizeable minority

would be willing to pay a premium for clean energy resources. But still, a lack of information

and engagement prevents many customers from acting on these stated preferences and adopting
DERs. There is a clear need for customer edoc@nd engagement, and responsibility for

educating customers will be shared by many parties, including DER providers, distribution
utilities, governments (state and local), and-gomernment organizations. The extent that

regulated distribution utilitie play in this arena will be determined by rules governing the DER
markets in each state.

Inertia may be the most powerful barrier to customer adoption of DERs. These technologies are
still new and unfamiliar to many customers. DER marketers are competirogly for
customerso6 dollars, but also customersdo ti me
competing priorities, the decision to do nothing may be most attractive. The complex and lengthy
process to purchase and interconnect a DER project isswyadle all but the most motivated
customers. However, as customer familiarity with DERs incszase the financing, permitting,

and interconnection processes become more streamlined, the business case for DERs should
begin to overcome customer inerti@rthermore, certified thirgharty entities who can aggregate
resources could provide an easier mechanism for customers to participate in some aspects of
DER.

2. Low Income Access to DERs

Despite the higher energy burdens experienced by low income custtmeescustomers often

face significant barriers to accessing DERs. These barriers may prevent low income customers
from realizing the potential benefits of DERS, including energy cost reduction, supply choice,
and enhanced reliability. The barriers to Imeome customer adoption of DERs can generally

be segmented into four categories: financial barriers, physical barriers, housing barriers, and
market barriers. These barriers are briefly discussed below.

i. Financial Barriers

The high capital costs ®ERs present a direct challenge for low income customers that may
lack savings or access to financing. Low income customers often have lower credit scores that
may disqualify them from financing or lock them into high interest rates that make the benefits
of DERs less attractivéany of the tax credits for DER ownership, such as the federal Solar
ITC and theEV Tax Credit, are noenefundable, which means that individuals cannot directly
benefit from these incentives unless they have a tax lialidgne inancial organizations that

have provided funding for loincome customers do so in order to obtain offsets to their own tax
liability, but this practice has not been widespread enough to have a significant impact in low
income communities.

. Physical Barriers
Low-income households are less likely to own their own hoegsecially in urban areashich

makes it more difficult to install DERs with high capital costs. While renters may be able to
access DRenabled thermostats and lmestEE measures, DER®quiring significant capital
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improvements, like rooftop solar and energy storage, are likely unavailable to renters. Low
income customers may also experience periods of housing insecurity, which presents a barrier to
long-term planning for DER ownershipow-income households are also more likely to live in
multi-family buildings without access to their own roof. Virtual or public ownership structures

for DERSs, such as community solar and puBN¢charging networks, may help overcome

physical barriers tDER access.

Iil. Housing Barriers

Low income customers often live in housing that is older and that may be of poor structural
integrity. A roof that needs repair is unlikely to be suitable for solar PV. Marynoame

homes suffer from health, structural,sarfety issues, such as mold, leaky roofs, or faulty wiring.
These conditions may prevent installers from installing DERs, suEE.&&tudies showhat

fifteen percent of lowincome homes have health and safety issues that prevent providers from
delivering weatherization services.

iv. Market Forces

For many of the reasons described above, thehoame market is unattractive for many DER
service providers and leimcome customers may have difficulty accessing their services.
Additionally, low income custimers are often the target for scams, which erodes trust in the sales
pitch of DER providers. Finally, language and cultural barriers make it difficult for low income
families to access the information they need to make informed choices about DERs.

D. DER Providers

The companies that offer DER products and services to utility custonustsnavigate between
the realms of utility regulations, tariffs, and procedures on the one hand and wholesale electricity
market rules on the other. This leads to a uniquefsehallenges for DER providers.

1. CustomerCompensation for DERSs

The biggest challenge for DER providers is ensuring that compensation for customers is
adequate and faiCustomers will install DERs if they provide value through bill savings or other
revenue streams that exceed installation and operational costs.

Some of the important reasons for implementing an IDP is to increase grid efficiency and
optimize the resources distributed on the grid. Recognizing the full value tmaestheces

provide to the grid and thus encouraging more investment by customers and third parties is a
vital part of any effort.

There are at least four common mechanisms for compensating customers who install and operate
DERs: 1) tariffs or bill credits?) market revenues; 3) power purchase agreements (PPAS) or
contracts; and 4) orgme payments or credit¥he challenge for customers and DER providers

is in assessing the potential revenue streams and determining the total value proposition that
DERs wil provide.
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i. Tariffs or Bill Credits

Customers with DERs can be directly or indirectly compensated by their utility via their utility

bill. To begin with, the rate design and the prices in a traditional utility tariff create an inherent

value and compensan to the customer for any action that reduces billing determinants. When a
customer reduces their energy consumption, the utility avoids energy costs and potentially some
other costs, and the customer pays less on their bill. When a customer on a daengettlices

their onpeak demand, the utility potentially avoids capacity costs and the customer is
compensated through a reduction in their util
will partially compensate DER owners for the valussytprovide to the utility system. The

amount of compensation, however, may bear little resemblance to the value provided.

Many utilities also offer tariffs, bill credits, or rebates that more accurately compensate
customers for the value of DERsnd epecially DR actions. These include r¢mhe pricing,

critical peak pricing, variable pegikicing, other TOU rates, and peak time rebates (PTR). Each
of these tariffs recognizes that utility system costs vary with time and sends a price signal that
consunption during peak hours is much costlier than at other times (or conversely, actions that
reduce demand during peak hours are much more valuable than similar actions taken off peak).
In other words, these timearying rate designs better align customer pensation with utility

system avoided costs (value) than a traditional rate design.

Almost all utilities offer special tariffs to customers with PV or other forms of DG. The most
common of these are NEM and net energy billing tariffs. A relatively sraadber of utilities

instead (or additionally) offer Value of Solar tariffs (an example of a Value of Resource tariff),
feedin tariffs (FITs), or community solar programs that provide bill credits to participating
customers. In each such case, the utilititoorelevant regulatory authority decided when it

created the tariff or community solar program how much credit customers should receive on their
bill for each kWh of generation from the DG system. In many cases, these decisions have been
informed by arinvestigation into the streams of value that a DG system typically provides to the
utility. A Value of Service tariff is explicitly designed to offer compensation that reflects system
value, whereas a FIT (which is only rarely available in the US) is lysiedigned to incentivize

DG installations by offering compensation tha
system value. NEM and net energy billing tariffs are generally designed to be simple; they offer
credit at t h energyuvate fooavesyrkWistherciestoraer genemates and consumes.
However, NEM and net energy billing tariffs will also specify how much credit the customer
receives for net excess generation (i.e., generation during a billing period that exceeds
consumption dring the billing period), and that credit is often set at a level intended to
compensate the customer for specific value streams. Each type of DG tariff will also specify
whether the customer or the utility takes ownership ofrangwable energgertificates

(RECS?®); if it is the utility, the compensation afforded to the customer may reflect this additional
value.

68 Renewable energy certificatésr credits) are used to demonstrate compliance with a state renewable portfolio
standard or to substantiate claims regarding the voluntary purchase of renewable electricity. A REC represents the
renelabl e and environment al fi at t-mourbfielechisitpgersemteddbganat ed wi t h
eligible resource. Eligibility of resources varies from state to state.
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These traditional compensation mechanisms are changing as the adoption of DERSs, and in
particular the adoption of distributed solaGreases. For example, in March 2017, the New

York Public Service Commission (NY PSC) issued an order that broke new ground for
compensating DERs for the values they provide to the utility system. In that order, the NY PSC
reached a critically importanbaclusion that is undoubtedly applicable in many jurisdictions:

AThe Commission also recognizes -that exi st
established and based largely on net energy metering (NEM). These business models

reflect the capabilities and neeafsthe electric system at the time they were designed and

they appropriately served to open up markets and drive initial development. But such
business models and NEM in particular are inaccurate mechanisms of the past that

operate as blunt instrumentsdioscure value and are incapable of taking into account
locational, environmental, and temporal values of projects. By failing to accurately reflect

the values provided by and to the DER they compensate, these mechanisms will neither
encourage the high lelof DER development necessary for developing a clean,

distributed grid nor incentivize the location, design, and operation of DER in a way that
maxi mizes overall valwue to all wutility cus

il Market Revenues

The seva ISOs existing in the US today operate wholesale markets for electricity services in
which various market participants compete to provide energy, capacity, and ancillary services to
load-serving entities (utilities and competitive retail energy suppliértley can meet eligibility
requirements set by the ISOs, and successfully compete with other market participants, the
owners of DERs can receive monetary payments for the values they provide to the bulk power
system. The seven markets vary not onltheir eligibility rules, but also in how they

compensate capacity and specific ancillary services.

PJM has long allowed DERSs to participate in its energy, capacity, and ancillary services.markets
Resources musheet certain minimum size thresholds totiggpate, and those thresholds

generally exclude participation liydividual DERswhich tend to be very smalHowever,

aggregations asmallEE and DR resourcdgvehistoricallyp | ayed a signi ficant
markets For exampleover 10000 MW of EE and DRwere procured by PJhh recentforward

capacity auctiongther types of DERs havet participated as actively.

In February 201&ERC issue®rder 841Electric Storage Participation in Markets Operated

by Regional Transmission Organizaticarsd Independent System Operatevhich directed

ISOs and RTOs to develogwrules for energy storagmrticipaion in the wholesale energy,
capacity and ancillary services mark&sVhen implemented)rder 841will favorably impact

the cost effectiveness of energy storage as an NWA. The Order specifically extends to allowing
distributionconnected energy storagesourceso participaé in RTO/ISO marketg?

69 Refer to:https://www.ferc.gov/iwhatsew/commmeet/2018/02151 8. pdf
O FERC Order 841, paragraph 29.
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Additionally, in a 2017 Policy StatemefitFERC clarifed that energy storage resources can

look to recover their costs through both ebatedates(i.e. ratebase) and markeased rates

concurrently. This means that energy storage assets used asddWalso participate in

markets during the hours oftdeay or mont hs of the year that tl
load reduction for the distribution system.

In just the past few years, several state public utility commissions have begun to discuss whether
to create markets for electricisgrvices at the distribution system level. These markets could
potentially be operated by the local utility or by a distribution system operator (DSO). Although
this kind of market does not exist anywhere today, it is actively under consideration in Klew Yo
and California and could someday provide another avenue for DER owners to capture value
through market revenues.

PV and other DG resources may also be able to capture monetary value by participating in REC
trading markets.

iil. Power Purchase AgreementsCGontracts

Utilities often enter into PPAs with independent power producers orphirtty energy service

companies to provide energy, capacity, or ancillary services. A PPA is a negotiated contract;

thus, the terms and conditions vary from one PPAdmtxt. Utilities can compensate DER

owners for different value streams (e.g., energy value and REC value) separately but more
commonly offer compensation via bundled, fixed price per kWh rates. It is also possible for

owners of PV and other renewable D&s our ces t o sell Aundifferent
a PPA and sell their RECs to another party via a separate contract. PPAs and contracts are more
common in areas without an ISO.

V. OneTime Payments or Credits

The federal government and many statd local jurisdictions offer or require utilities to offer

onetime tax credits, rebates, 4ipnt incentives, and other forms of compensation to DER

owners that often are not tied to utility or wholesale market revenues. There are many varieties

and exarples of these orBme payments, including the federal investment tax credit for PV,

state and federal tax credits for new EV purchases, customer rebates for energy efficient
appliances,andupr ont bill credits for «diedloacher s who
control DR program. All these options provide compensation to DER owners that is intended to

reflect in some way the value those DERSs bring to the utility system or to society.

2. Aggregation of Small DERs
While individual DERs may be quiterall (e.g. only a few kW), aggregated DER resources can

add up to hundreds of MWs and can become significant players in distribution and wholesale
markets DER penetration is rising and becoming more diverse across the grid which creates an

"L FERC, Utilization of Electric Storage Resources for Multiple Services When Receiving&sed Rate
Recovery. January 19,
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opportunity toaggregate different DERs to provide a wider range of energy and grid services
Distributed solarstorageEVs, and targete@E andDR can have a significamnpact on the

grid and have the potential of providing valuable services that obviate the neltribution,
transmission and generation investment. Tpadty driven investment in DER solutions is
outpacing the ability of thexistingmarkes to establisithe required structus¢o enableDER
participation and fairly compensate DERSs for the services they pravigeopriately,

discussions at the federal level ax@v underway around the potential effects of DER integration
into the bulk power system and the participation of DER resourcks infiolesale markets.

Each I1SO includes, among its eligibility rules, minimum size requirements for market

participants. DERSs, especially those owned by residential customers, are often too small to
participate in wholesale markets on their own. Howe¥enultiple DERs under the control of

an Aaggregator of retail customersodo can meet
to participate. FERC, which has jurisdiction over ISO marlestigblished rulem Order 719

(2008) requiring each IS@tamend its tariffs as needed to allow for participatioaggregators

of DR in organized wholesale electricity markets, unless such participation is limited by state

and local regulatory authorities. As of June 2018, FERC had an open proceeding regarding
whether to similarly allow aggregation of other DERs.

Multiple jurisdictions have takestepsto evolve their existing market structure to incorporate

DERs, particularly aggregated DER from the distribution system. The Califordependent

System Opettar (CAISO) made a Distributed Energy Resources Provider initiative (DERP)

filing at the Federal Energy Regulatory Commission to facilitate participation of aggregations of
smal | DERs in CAI SO6s whol esal e FER@apmpyed and an
DERP will provide new revenue streams for small DERs that can now sell directly into the

wholesale market.

The New York Independent System Operator, Inc. (NYISO) through its DER Market Design
Concept Proposal (MDCPis evaluating its market desigmocess that includes a strong

foundation for DER integration. NYISO is working closely with the utilities of New York to
developaprocess for DER participation that incledatuational awareness of DER outpuiits

obligation to utility programs or tlireown load serving objectiveEigure3 below provides an
overview of NYI SO6s vision for DER participat
implement dispatch signals that are driven by reliability or economics.
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Figure 3: NYISO Vision for DER Participation 72
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The contribution of DERs to markets is becoming significanblutiersremain for widespread
participation of DER in wholesale market These include:

1 Settlement RequirementSOs/RTOs want DER aggregators to provide services as
reliably and transparently as conventional generators and do not want them to take
advantage oprice fluctuations by stepping out of the marketplace during tisates
wholesale energy prices are negativhis requirementan potentiallydiscourage DER
participationin markets especially behind the meter DERBIe to this 24/7 settlement
requiremat, if DERsgenerate odischarge to meet local demand when the wholesale
price is negative, the DER operatoustmake a payment in the wholesale market even if
no power was exported to the bulk power systém.

1 Interconnection Requirement he interconne@n process imposed by the ISOs on all
DER patrticipation in wholesale marke$ cumbersome, imposes higher costs due to fees
and hardware requirements, and adds time to DER implementation in the field. These
wholesale interconnection requirements exadéedequirememtof typical NEM
interconnection® n t he di st r i b.DERsathat have gaihed apgrdval sy st e |
through theu t i |INEEM prdcess have to underggeparate wholesale interconnection
approval process. This procedwuldbe streamling as the market evolves.

1 Metering Requiremerit ISOs are applyinghesame metering and telemetry
requirements for DERas for traditional generatorshe requirement of installing

72

http://www.nyiso.com/public/webdocs/markets operations/market_data/demand_response/DER_Roadmap/DER_
Roadmap/DistributedEnergyResource017-MarketDesignConceptProposal.pdf

3 FERC Order 84 httempted to address this for energy storage resources by requiring wholesale prices to be
applied to electricity consumed by distribution level storage resources that will later sell that electricity back to the
wholesale market.
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revenue recording meters for energy production and consumption alongevith t
requirement to transmit data at short time intervals (such as 1 minute) is cost prohibitive
for smaller DERs.

1 Wholesale/Retail Market BoundaiyThe definition of jurisdictional and technical
boundaries for monitoring, control, visibility, and oversightween the various
stakeholders needs to be cleared up for better engagement of DERs at all levels.

1 Low Net Revenuet Wholesale market participation for DERéerconnecteat the
distribution level is deemed unprofitable at this time. Revenue gererstikely to be
low dueto smaller DER sizes thereby requiring aggregation. However, aggregation
requires significant upfront investment creating a scenario for potential short to medium
term losses, thereby inhibiting DER deployments.

1 Alternative Revene Stream$ Many DERs participate iretail NEM or DR programs
Participation in these programsaylimit DER participation in new and upcoming DER
wholesalemarket participation programs. This is done to prevent double payment under
theretailprograms ad the wholesale programs. However, DER aggregators often choose
theretail programs as participation in the wholesale programs provide lower returns.
Alternative revenue streams need to be developed to egra&alieparticipation of DER
in the wholesalenarket.

1 Technical Challengeis Some technical challenges such as metering or the requirement to
balance load versus supply (as set for traditional generators) remain today for the newer
DERs. These challenges do not present a significant barrier but ditonee addressed
by operators while designing a DER system that participates in the wholesale market.

3. Coordination betweenUtilit iesand DER Providers

The proliferation of DERS in the electric value chain has increased the interaction that utilities
have with third party entities, particularly those that use BERprovide services in addition to
traditionalDR services. Typically, utility systems only have nameplate rating information about
third party DER providers, as interaction with the utility systéass beefimited. However,

smart invertersvith inherent smarter functions are being deployed at a fpater. These smarter
functions have capabilities that can benefit not only the DER customer being serviced, but also
the utility grid in the respective ardaut taking advantage of these new capabilities presents new
challenges for DER providers and uidg.

The California Public Utility Commission established a Smart Inverter Working G&iMpG)

that defined a roadmap for advanced smart inverter integration with utility distribution systems.

The recommendations coming out of the SIWG have been usedmyjurisdictions as a basis

for reforming the interaction betweenRURBER pro
21, which sets out interconnection requirements for generators wishing to connect to a utility
distribution systeni? Some of theecommendations have also been utilized by IEEE in their

IEEE 1547standards update which will eventually matlsavay to multiple jurisdictions in the

next few years.

4 http://www.cpuc.ca.gov/Rule21/
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At the core of the coordination between ugtand DER providers is the communioat
architecture that will enable greater interaction and increase the efficiency of systams4

below presents an overview of the communicalietween utilities and DER systems identified
as individual DER systems, Facility DER Management Systems (FDEMS) and Retail Energy

Providers (REPS).

Figure 4: DER Communication Landscapé®
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Figure5 presents an overview of the status and expected cover@ge ini f Ruler2i fard s
communication aspects of smart inverter systems.
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Figure 5: Status and expected coverage in Rule 21 fabmmunication aspect&

4. Timeline for IEEE Rollout of Smart I nverter Functions

IEEE has undertaken an effort to revise the IEEE 1547 standard that addresses the
interconnection of distributed resources with power systems. An update to the stHfigard
15472018 was releasin April 2018thatincludes multiple recommendations from the smart
inverter working group around functions and communications for interconnection of DER. One
of the major updates inclusehanges tohe voltage and frequency ridierough functionsThese
changes will help ensure that DER capacity is not automatically tripped off every time there is a
transient disturbance in power quality, which enables owners and aggregators to get more value
from DERSs.

The implementation of thlEEEE 15472018 standard update is an ongoing process and is not
expected to be done until 20Fgure6 presents an overview of the IEEE 152018 update
process that includes updateshetest procedures standard (IEEE 1547.1) fodwy

equipment certification by Underwriter Laboratory (UL 1741) in 2019. The updated stamdard
expected to badopedby equipment manufacturers by 20dhe successful relbut of the new
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