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Executive Summary
A Valuation Framework for Informing Grid Modernization Decisions

Advances irtechnologies to providelectric power (e.g., renewable energy and battery storage),
measurements and monitoring (e.g., synchrophasmat mete)s communication (e.g., cellular servjce
Internet utilities),computing(powerful distributed microprocessorgndinnovations irgrid topologies
and configurations (e.g., microgridsave markedly changed tbptions available to provide electricity to
endusers. The value propositions for eleatigervice have similarlipecome much more complex and
diverse.The values of a grid design optioan no longer be expresseyljustusinghistoricalcost
emissionsreliability metrics.Nor can major decisions be made through closed analysis without
consideration of the differestakeholders affected by a decisidhis valuation frameworlprovides a
structure fovaluationthatis deliberateinclusive,and transparentiocumentinghe intermediate and

final resultsto ensureelarity, accountabilityand repeatability

The expanded nature of the availatptizl options,the multiple criteria for making a decision, and the
diversity of stakeholders affected by the decis@guirea more robust, transparent and inclusive
valuation process for choosingang alternatives. Unfortunatelggross the electric power sectitrere
are few b e gdsignngnethoddlogies saéseskral comparéhevalueof diversecourses
of action Alternatives to be considered rarfgem invesing in generabn, transmissionor distribution
assetsto compensation mechanisms for distributed technolpgieptions for energy consumers to
actively vary their energy purchases from the grid in response to grid status and pricing.

Investment decisions and policy options are reviewed and interpreted by multiple stakeholders with
different motivations and interes®heresuting value assessmeniftenvary widely for the same or
similar types of projectsThese differencesan be attributed tdifferentassumptions with respect to
economic and engineering inputisne, geographic, and power system sqdhees closeesource inner
workings of modeling tooland analysis methodologies employed for the valuation; stakekspideific
choices of the key metrics or grid attributes that informviiiaation;andbr the choice ofwhich grid
investment, desigror operation alternatiwgstocompare.The objective of this project is ttevelopa
frameworkto provide guidance for designing clear, transparent, and repesatdirddionmethodologies
andto developracticeso generataesults that areasietto interpretand easieto compare.

The c¢ on alespin thisccontext goes far beyond The valuation framework provides
monetary savings and cost&alue encompasses many deliberate methodology to identify the
elements, includingeliability, resiliency, sustainability, criteria for deciding among alternative
security environmatal quality, public health and safety, and| 9rid strategies or configurations;
economic impast Metrics to characterize value may be determining what information is

required to inform that decision;
selecting the methods and tools that
can best provide that information wiin
time and budget constraints; and
interpreting the results to compare
multi-criteria valuation assessments.

guantitative or qualitative; oftedefining those metrics is not
straightforward and may in fact be controversial. It is
important to be explicit about hoa¥l metrics are defined@re
gauged, and contribute to the valuation. The proposed
valuation framewaork described in thisi@elinesDocument
delineates a process for doing so.

The framework defines 11 activities within 4 phases, as showigimeES-1:

LE.g., Trabish, Herman KiiHow two valueof-solar studies add up to no clear value of sdkrooftop solar
really worth 90% |l ess in Montana than in Maryland?06 Ut
https://www. utilitydive.com/news/howwo-value-of-solarstudiesadd-up-to-no-clearvalue-of-solar/522892/
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Specify the purpose, scope and goal of the study and identify stakeholders
Define decision criteria and information needs;

Design the analysis procedures, s@arhd model$o provide necessary information;
Perform analyses and interpresults.

oOow>

1. Define the Valuation Context and Purpose

ngfsir?eA: 2. Identify Range of Alternatives
Scope and 3. Plan and Initiate Stakeholder Engagement
Goal

Result: Valuation Analysis Plan

P B: | 4. Identify Key Impact Metrics for Valuation
Frame 5. Determine MultiCriteria Integration Approach
Valuation )

Criteria Result: Valuation Criteria Framework
~
6. Determine Approach to Address Uncertainties
Phage C: | 7. Select Assessment Methods and Tools

Design | 8. Develop Assumptions and Input Data
Analysis . : S
Result: Analysis/Assessment Design

9. Assess Impacts for Each Alternative
10. Calculatdntegrated Values for Each Alternative
11. Compare Values, Document Analysis and Report Findings

Phasé D:
Determine
and Presen

Results Result: Report and Interpret Results

Figure ES-1. Valuation framework process.

This Guidelines Document describes the valuationdrmonkandeach of its activities. It also provides
somereference materialnd suggested practicesassist the usén desigring a methodologyhat
addressea specific question or choice.

As there are manyalid ways to perform a valuatiatudy, the framework is not meant to be a
prescript i ve orfamoffigial rulebdook foravaluat@rRather, it describesmocess
consisting ofactivities that should be part of a valuation that is comprehensive, transpanensoundly
basedon techical and economic principles

It starts witha desirdor information. In mostircumstancethisinformation is needed fa decision:
choosing among alternatives for grid modernization, expansion, design, operating proeeduseson
To make such ahoice, the decision makers need to compare the values of each alternative, and value is a
multifaceted and often subjective attribute. Takiationframework provides a structureitentify what
informationdecision makers need to make a good degisiow toobtainthis information and how to
evaluatet. By being systematic ideterminingthe information needs artdeimpact analyses required to
make a sound decisipandbeingmindful of the choices made in designing the analysis mefhods
including assumptions, approximatioasd tradeoffsd thevaluationframework presents a process that
increases the likelihood that the ultimate decision (i.e., choice of alternative) is sousdesepableto
affected stakeholder$his document offes a valuationframeworkto decision makers and analyststh
guidance for applying arablaptingt to address their specific questson
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1.l ntroducti on

1.1 Background

Across the electric power industry, a diverse stakeholder community applies a variety of methodologies to
assess the value of courses of actions, ranging from investments in generation, transmission or
distribution assetdo compensation mechiams for distributed technologig® a multitude of other

policies related to projects in the electricity sector. The resulting value assessments often vary widely for
the same or similar types of projects. As an example, two studies addressing tlé nadétep solar
photovoltaic(PV) installations came tsignificantly different conclusion's the studies chose different
valuation metrics and analysis methods. Exampleis not unusual: often valuation studies are not
comparable or repeatable becaokdifferences in assumptions with respect to economic and engineering
inputs; time, geographic, and power system scales; the etosede inner workings of modeling tools

and analysis methodologies employed for the valuation; stakeksgideific choice of the key metrics or

grid attributes thaare the focus ahe valuation; and/or choisef which grid investment, design or

operation alternatives to compare. Investment decisions and policy options are reviewed and interpreted
by multiple stakeholdeysvho haveifferent motivationsinterests and obligations

The values of a grid design option can no longer be expressed by just using historiealissisins

reliability metrics. Nor can major decisions be made through closed analysis withouecatsidof the
different stakeholders affected by a decision. This valuation framework provides a structure for valuation
that is deliberate, inclusive, and transparent, documenting the intermediate and final results to ensure
clarity, accountability andapeatability.

This documentherén calledValuationFrameworkGuidelines describeshe guidelinesfor the

framework for valuing grid generation, transmissiand distribution assdisincluding distributed

generation and storageand the services they provide, as well as policy options commonly evaluated in

the context of the electric power grid. The frameworthésprimaryproduct of the US Department of

Ener @9HGr i d Moderni zati on proj ec wiestValuatiomd A Gr i d Se|
Framewor k Devel opment, 0 a GMLT 1.RA/team ofmational lalmratpry oj e c t
personnel have organized its development through a review of existing valuations and standards,

experience with valuation exercises, and uss@ons with a Stakeholder Advisory Group (SAG)

compriseddf industry, regulat®; and other organizations.

The field of accounting has a systematic set of generally accepted accounting principles (GAAP). Broad
adoption of GAAP by professionals promotessistency among analysts that facilitates apydegpples
comparisons and ensures accurate, objective, verifiable and repeatable reporting of financial status.
Similarly, the GMLC 1.2.4 project team envisions a kbegn aspirational goal of establishiaget of
generally accepteghluation principles for application to grid decisions that may in the future be adopted
by stakeholders in the electricity sector.

The Valuation Framework Guidelinggpresents a first step toward that aspirational goadekssb

address inconsistencijdack of transparencgyand intrinsic biasesften inherent in gridelated valuation

studies. There are a great diversity of technologies, options, decision makers and other stakeholders
involved in valuation studies; it i%ot realistic to expect that one standard metimadd be developed to
evaluate grid options applicable to such a wide range of issues and technologies. Instead of a prescriptive

'E.g., Trabish, He rofmsmlarstidies addiugd o wo cteav valuesod dolarels rooftop solar really
worth 90% |l ess in Montana than in Maryland?06 Utilitydi:~
https://www. utilitydive.com/news/howwo-value-of-solarstudiesadd-up-to-no-clearvalue-of-solar/522892/
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methodology, th&aluation Framework Guidelingwroposes a set of elementsygesses, and internal
consistency checks thebuldimprove the ability tosalue grid services, technologies, and policies
comprehensively, objectively and transparently

The frameworlembodiesa systematic approach to the definition and documentatitivestale, scope,

and assumptionthatinfluenceanygrid-relatedvaluationor modeling activitylt is intended tdamprove

the ability ofelectricity-sectordecision makers, analysts, astdkeholders to condueinderstand the

basis of andinterpretthe results of valuation studiesith high levels of transparency, repeatability, and
extensibility Such outcomes should also enable more effective comparisons of results among similarly
constructed studies in a way that enables improved leveraging ofyarik.

1.2 The Concept of the FrameworKk

AVal uationd i n this cont eekative wogh, dtilyeor impodaocg.s.,s of det
value) of options or alternatives to allow their comparison in ways that are clear, transparent, and

r e p eat audldoesnotréféfonly to monetary savings and costéalue may encompass multiple

elementsand associated physical measures sschliability, resiliency, flexibility, sustainability,

security environmental quality, public health and safety, and economic imp@stipport this document,

Appendix A lays out an abstracted definition of valuation, describing key concepts andgliefyniterms

that are used throughout this document.

Metrics are a means to express attributes and performance measures that constitute this broad definition
of value. Metrics may be quantitative or qualitative. Identifying quantitative metrics for dahe o

elements is straightforwarblowever,in many cases, defining metrics (especially qualitative metrics)

may be far less clear and may be controversial. Externalities (effects or consequences that are not
explicitly included in the costs attributeddayrid option under evaluation) can also be very difficult to

define and quantify but may be extremely important factors inrgtated decision makin@ecause it

can be difficult and controversial to define many quantitative or qualitative metriegmiportant to be

explicit about how all metrics are defined, are gauged, and contribute to the valuation.

The GMLC team has drawn on the use of software development frameworks to apply the concept of a
Aframewor ko for val uaSofiwaradevelopment feamewbrles edéntify whatt v s ect
formal components are necessary in developing software to ensure an efficient process so that the

resulting software meets the functional requirements. Similarly/aheation Framework Guidelines

defines esmntial elements or activities for valuing grid alternatives to support decig&img so that the

valuation results support the information upon which the decision makers actually will base their choice.

The longterm vision for this project is toonstruct a unified framework thatccompliskesthe following

three interrelated goals:

1 Goal 1: Develop aGrid Services and Technology Taxonomgnd an associated glossary that
documents and classifies services and technologies, the different types of products that these
services and technologibsing to the power system, and metrics relevant and applicable to each

1 Goal 2: DescribeValuation formally, as a explicit Processdocumenting the linkagesnong
the methods, metrics, and perspectives outlined in the tayonom

1 Goal 3: DevelopBroadly Applicable, StakeholderVetted Guidelinesfor thedesign,
implementationand documentation offarmalizedvaluation process

TheValuation Framework Guidelindgeginsto addresshese three goals, with a focus on Goal 2, to
assemble a framework for valuation of electricity sector alternafiVesdevelopment of a taxonomy is
addressed by glossaryof terms used when characterizing and quantifying grid services and
technologies. This glossary of terms can be found in Appendix B.



Attributes of the Framework

The framework presented herein is intended to promote an informeéchasdarent analysis for grid

related decision making. Just as important, the valuation process aims to assist when there is a rethinking
or revisiting of previous decisions, perhaps in the face of practical resource constraints or iterative
feedback fronstakeholders. The framework is meant to be flexible and adaptable to focus on the problem
at hand without beingurdensome

There will be considerable variation in how the valuation process is implemented. Analysts may use any
of a number of modeling appiches or analytical tools. Similarly, factors such as uncertainty, data
availability, and data quality will influence the accuracy of valuation analyses. These same factors could
impose restrictions on the level of modeling detail or analysis that amalyte organizations

sponsoring the valuation analyses deem it worthwhile to conduct.

Who is the Audience?

The primary audience for this framework is those who specify, oversee, and use valuation studies (i.e.,
decision makers), helping them to make shose who perform/implement the analyses are aligned with

the decision makersodé needs. As a consequence, t he
understand thtamework processSection3 of this guidance provides greater detail onpfeeess steps

andwould be useful for this audiencEhebroaderaudience includes a varied community of

stakeholders: utilities, power generators and developtidgesale market operatorsgulators, local

governments, and investors. Additional stakeérs have an interest in and will be affected by valuation

studies conducted in accordance with the framework: electricityiseids and facility owners/operators,

public interest groups, chambers of commerce and business associations, organizatiomsdcaitbe

public health and safety, etc.

The concerned stakeholders include groups that reflect varied roles, responsibilities, constraints, and
interests. For example, a utility or generation company considering an investment ultimately must decide
for itself to commit to an expenditure. Likewise, a public utility commission (PUC) may in fact be a
decision maker that is constrained in the type, nature, and timing of its engagement indiretified

valuation study because of regulatory proceduraliregquents. Other organizations may use the

framework to better understand the value of-geidted technologies or services and inform the public or
decision makers.

It is important to acknowledge that institutional dynamics and vested interests infloeresgire

process, especially approashtostakeholder engagemeiiite form of stakeholder engagement depends
uponmultiple factors, includinghetype of valuationandwho isconducing the valuation (e.g., a
commissiorconvened valuation, \aluation that a utility is doing on its own behalf to support a decision
or proposalor other entities interested in understanding and informing others eretstidd issues).

Some stakeholders may haaeoverriding issue or objective amaaynot be svayed by any analysis or
valuation comparisonWhile such stakeholder priorities should be considered to some extent during the
valuation process, doing so in a constructive manner can be challenging.

1.3 Docum®mtgani zati on
The organization of the remaindarthis document is as follows:

Section 2 provides an overview of thphasesnd 11 stepsf the framework

Section 3 describes in more detail epbhsegtep and the activities to be performed, wiib
decisiors or analyse$o be madgesuggested solitation of stakeholder inputs, information to be
gathered, sel€onsistency checks to be performed, and documentation needeg the course



of the valuation proceséppendicego Section 3ncludestep-specificoutlines, checklists,
detailedguidanceandso forththatmay beusefulfor particular valuation studie¥his Valuation
Framework Guidelineseference some external resources, such as a catalog of electric system
metrics(seeAndersoret al.2017), intended tgrovidepracticalassistance to applying this
valuationframework and choosing from amopgssible approaches foonductinga valuation
study.

Section 4 draws wupon ot her-specificssandardsiand gusdélined e v el o
to discuss théessons learned teansition the framework guidelines toward a possible industry
standard

Section 5 discusses conclusions and possible next steps for the GLMC 1.2.4 effort.
Section 6 presents the references used in the paper.

A series of appendices are attached that gemdlditionalbackground owaluationtheory, a
glossary of terms, a number of tables and checklists that will be helpful for various steps in the
process, anthe workbook developed to assist users during a valuation process
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Our goal of formally delineating valuation aprcesss particularly challenging for three reasons. First,
the process needs to be applicable to an enormous array of potentialatigritiicelated decisions.
Second, the process needs to be amenable to a wide assortment of users and im@einenters
organizations that initiate a valuation, their stakeholders, and analysts, all with divergent resources,
knowledge, experience, and saoim situations where resources available for the valuation study may
range from highly constrained to seemingly unlimited. Third, the process itself is complex, with many
elements that unfold and interact over time in a manner that is only loosely sequentittivities that
are often simultaneous, interactive, and/or iterative.

In a valuation assessment, outcomes of two or more alternatives are compared on the basis of differences
in their characteristics or metrics. The difference between the metrics of two or more alternatives is
considered to be dmpact and impacts are théransformed intovaluesbased on the perspectives of

decision makers. These perspectives have two primary components: (1) whether a given impact is a
positive or a negative relative change, or neither, and (2) wdaaiah-making citeria guide the ultimate

way a \alueis reported and interpreted. The impacts of each alternative are presented in a way that
informs the decision for which the valuation effort was condu&pgdendix B provides a glossary of the

terms used to describe the valuation proaeskdse guidelines.

When evaluating two or more alternatives, decision makers are often presented with arguments and
information about alternatives that were derived from disparate methods and, as megsldty

comparison. Decision makers also ofteea to address conflicting priorities among multiple

stakeholders. The framework provides a guide for marshaling stakeholders, metrics, and evidence through
the decisiormaking process in a systematic and transparent manner. Walking through a systematic

process of scoping and conducting a valuation will create a consistent vision of how a valuation study
should be executed. This same valuation process can also be used to interpret and assess valuation studies
over which a reviewer has no direct control.\i8yrking through the same steps and applying the same
systematic perspective and standards, users will add to the credibility and comparability of any study.

22 Actor s

The framework process outlined in this section involves three sets of actors. The dealgoris the

instigator of the study and recipient of the results or recommendations from the study, who will make the
ultimate decision. The decision maker may be a single person (e.g., senior executive atenatiljyy

services companyr public inerest groupor a body of people (e.g., board of directors, regulatory board,
legislative body). The second set of actors is the analysis team (analysts, modelers, consultants) that will
conduct most of the detailed analysis. The team may be comprisdgdrofi staff from the decisien

makersé organization, hired consultants or subcon
organizations, or combinations of these. Third, stakeholders are those who are affected by the ultimate
decision and want to ke input in the valuation study. Each actor will have different roles and levels of
involvement for the various steps in the framework process.

23 Process Summary

Thevaluation process starts when a decision maker decides to do a valuation study usamgetverk
and ends with results and recommendations based on the information developed. In this section, we



outline the 4 phases with 11 steps in this framework, we provide more detail on each step in the following
sectiong.

To present this complex valuati process in a tractable way, we organize it into two broad tiers: phases
and steps. Phases are roughly sequential stages of the valuation thiatodsgict major aspects of the
valuation process. Steps outline the activities that are necessary tphsiedhat phase of the study in
practice. We suggest four main phases, once a decision has been made to conduct a valuation study:

A. Define the scopand goad including articulation of purpose, alternatives, and description of
stakeholder engagement;

B. Framethe valuation criterid through identification of key metriand means to address
valuation based upon multiple criteria,;

C. Design the analysisincluding methodology selection, input data, and treatment of uncertainty;
and

D. Determine and document resdltgicluding assessment, integration, and presentation in
understandable form.

The 11 steps that span the 4 phases of the valuation framework process are idehtidiae in

1. Define the Valuation Context and Purpose

Phas€é A | 5 |dentify Range of Alternatives
Lt 3. Plan and Initiate Stakeholder Engagement
Scope and
Goal Result: Valuation Analysis Plan .
=) B: | 4. Identify Key Impact Metrics for Valuation
Frame 5. Determine MultiCriteria Integration Approach
Valuation J
Criteria Result: Valuation Criteria Framework
6. Determine Approach to Address Uncertainties )
Phade C: | 7. Select Assessment Methods and Tools
Design | 8. Develop Assumptions and Input Data
Analysis J

Result: Analysis/Assessment Design

9. Assess Impacts for Each Alternative
Phase D: | 19 calculatentegrated Values for Each Alternative

Determine . s |
and Presen 11. Compare Values, Document Analysis and Report Findings

Results Result: Report and Interpret Results

Figure 1. Valuation framework process

Conceptually, in phase Ae first three steps of thaluationframeworkcan be considered the scoping
phase of the studycarefully defining the purpose, context, relevant stakeholdadsalternaves to be
considered.

2 These steps and thdlfawing discussion are based looselyBwardmaret. al.(2006)andthen refined
and adopted for the purpose of the valuation framework by the GMLC team.



In the next phasEB), defining the basis for the valuation, there are two steps to frame the information
requiredto characterize alternatives (i.e., the impacts and metiicsiep4, the userslefine the decision

criteria for the studand thenin step 5determine an approach to integrate or consolidate the metrics to
portray the value of each alternative. (Note that
reducible to a single nurab or a quantitative traeeff relationship among metrics.)

The third phas€C), designingthe analysis, consists of three steps for constructing the study, including
the tools, assumptions and input dateps 7 an®) to be used. Thiphasencludes déberately deciding
how to consider uncertainty in the analys®p 6)and consolidate predicted impacts from the different
alternatives.

The final phaséD) is to calculate, analyze, interpret and present the results. The three steps in this phase
arethe calculation of key metrics; interpretation and presentation of the resulting (sfps10 and 1))
and reportingf the comparison among alternatives to guide decision mékieg 9)

Many of the steg® such as characterizing stakeholder engag&nkave multiple aspects, and their

output will inform numerous other steps and several, possibly even all, folithraajor phases. While

the phases are generally sequential, the steps may not be. The analysis team may focus on activities in
multiple steg simultaneously (or sugroups of the analysis team may focus on different steps), and then
the results or conclusions of some steps will further define the inputs of others. The results of one step
may change the inputs or assumptions of a step lisexibpisly(i.e., an iterative proce$sThis iteration

is shown by the arrows on the left and the circular arrows within the descriptors in Eiginesteration

is especially true for the first phaandrulesmher e t he
engagement are specified. To drive ¥htuationmethodology process to a conclusion, metrics are a
common currencfor matching a question (Step 1) with approprid@ols andmethods (Step 7) and

providing theresultspresened (Stepll).

Assessments are complex and mudtiiate. Determining the proper evaluation methodology (including
thebasis for evaluation as well #g selection of types of models) is as much an art as a science. The
valuation process is far from being automated or even deterministizaltreionframework can begte
used by knowledgeable users. Thiiigs not designed teelect models (or lists ofigible models) but
ratherto suggesthetools (includingmodeld and analysis proceduresbe employed

The framework assumes that analysts are already knowledgeable regarding the grid system under study
and details of the methods, tools, and modedsiavle. The user may well apply thaluationframework
iteratively, choosing not only among modatsd toolsbut also among methodologitscalculate metrics

and impactseach of which may employ different setdadls

Documenting the decision prosessed to define the evaluation methodology and the reasons for choices
made iskeyto transparency and promotes an alignment of objectives and methoedsghesvalid and
unbiased technical analységppendix J provides a workbook for help in guidihg process through

each of the eleven steps.

24 Phase A: Define Study Scope and Goal

The first phase involves defining the overall scope of a study and developing a plan for accomplishing the
study (project work statement, resources needed, schedule, ketormeleand so fortt) After the initial

decision that a study should be conducted, the framework begins with activities that include defining the
study purpose and the external factors that are driving or influencing the rationale for the study; broadly
defining the different options or alternatives to be studied; and identifying stakeholders, contacting them
for the initial engagemenand planning for continued engagemériiese three steps are tightly



interrelated. Thus, in defining the scope, one béggins to identify the key stakeholders and possible
alternatives to be considered.

Thus, the activities operate iteratively and somewhat in parallel, rather than sequentially. For example, an
initial desire by a decision maker or decisimaking body taonduct a study may kick off the entire

process (Step 1), but relevant stakeholders may need to be consulted (Step 3) before the alternatives to be
compared can be finalized (Step*2).two illustrative studies cited below, decision makers consulted
staleholders at the beginning of the process to help define the scope and select alternatives:

1 TheTennessee Valley Authorityf'YA) first assembled a diverse stakeholder gr¢tep 3)to
hel p scope the bounds orhtesgttingforslistribatdd teehhologies and m
(Step 1) (TVA 2015a). Thiset of stakeholders included representatives from rural and urban
load-serving entities across the region, consumer groups, environmental groups, solar installers,
and technical experts.

1 In 2009, DOE sponsored-atepth transmission planning efforts for the three US electrical
interconnections. The Eastern Interconnection Planning Collaborative (EIPC), a group of the
eastern regiondés main tr ans miSwakeholer Stgelingnni ng au
Committee [Step 3] to propose the alternatives to be considered [Step 2] (EIPC 2011).

Step I Definethe Valuation Context and Purpose

Objectives
To define the purposand scope of the valuation study and to devetomiial study pan.

Approach
Conceptually, thealuationprocess is initiated in response to a problem, conditivissuethat presents

a choiceregardinghow best to proceed. Step 1 includes specifying the scope by defining the context and
objective of the study in terms of the analysis question(s) to be answerestepkisfines the purpose of

the valuation; identifies the aspects of the power systdra¢gaming; poses, in general terms, the

issues that the valuation seeks to address; and sets the physical boundaries and the temporal range for the
analysisDocumenting the issue or question and what one hopes the discussion/choice of alternative will
accomplisl i.e., what constitutes a good outcdimieelps ensure that stakeholders, decision makers, and
analysts have consistent viewpoints about issues and alternatives.

While it may seem obvious, it is essential to document the circumstances, issudgeeincs that

motivate initiating a valuation study. The discipline of succinctly setting down the issue to be addressed
andwhat the decision maker hopes to accomplish (e.g., serve a growing demand for electricity at minimal
cost while meeting reliabiljtcriteria) provides the basis for choosing which parts of the power system to
examine, alternatives to be considered, stakeholders to contact, and performance metrics on which to base
a decision. These choices will in turn inform the choice of method®alwdfor dealing with
uncertainty/unknowns, performing the analysis, and characterizing the results of the analysis.

Valuation addresses situatiomkerethere are multiple performance metrics (e.qg., electricity price, land
use, job creation, resiliencand the tradeffs among those metrics are not straightforward. Being
explicit in what one views as a good outcome differentiates a valuation study (i.e., what is the value of
choosing this alternative?) from a leasst planning study (i.e., what isetlowest lifecycle cost?)

although low cost will likely be onef themetrics used The many alternatives available for expanding or

% Ananalogy ishatwhen putting on a spare tire, you donot tighte
until all five are done. Rather, you tighten amet lightly, then follow with light tightening of nuts 2, 3, 4 and 5.

Only dter all five are in place and lightly tightenefb you fully tighten each nut in turn. Similarly, exercising the

steps in the aluationmethodology is a rourdobin process as noh as a sequential one.



upgrading the modern grid make it difficult to clearly and quantitatively define an objective that is likely
to easily acleve consensus acceptance among stakeholders and decision makers.

One way to approach this step is to begin to document the scope of the study by formulating the problem
and the system elements that it affects. This specification of study requirements\illrevolve and
become more specific or detailed in subsequent steps) may include the following types of information:

9 Primary purpose: i.e., aspect(s) of the power system one is trying to improve or optimize

91 Area of interest (geographic).

1 System(s), ectors (e.g., generation, transmission, distribution, end use), equipment or
procedure(s) of interest (e.qg., tariffs, generators: what is being modeled or evaleaed
feeder, a bulk power system, generators and loads).

1 Time frame(start and end ofrhe period of interest for implementing the alternative and
evaluating its expected performance).

1 Impacts: A preliminary list of relevant impacts and their metrics can be identified. However, key
stakeholders (stakeholder engagement, Step 3) will furtfen this list/selection ana more
definitive list of metrics is developed in Step 4

The analysis is constrained by the time and resources available to conduct the study. The study scope,
number of metrics considered, and level of detail ofthedysis must be consistent with the time and

budget available. A detailed plan for the study must be developed, including schedule, tasks and
milestones, expenditures, study participants and their roles and responsibilities, and list of stakeholders to
beinvolved.

Results/Documentation
1 A succinct statement of the purpaddahe valuationwith context, including
0 Whose perspective is primary (e.g., lead decision maker)
0 The purpose of the decision (e.g., policy development, investment)
o The time frame over ich impacts are considered in the valuation
0 The geographic area for consideration
A high-level specificatiorof the overall process to be followed
A preliminary list of stakeholders to be involved in the study
An initial draft of the study plan, includingme frame budgef milestones, andvaluation team
Identification of related studies that can inform selection of metrics and methods
Sources of data to inform the analysis

= =4 =8 -8 =9

Interaction with other steps

Steps 1, 2, an8 in the first phase are all closely interrelated. For subsequent plhasgsracterization

of the question and scope of analysis will inform the choice of metrics (Step 4), the relative weighting of
metrics to influence the ultimate valuatibased ddsion (Step 5), and the nature and rigor of the models,
tools, and analysis methods to be used (Step 7). The study plan developed during the first phase will
govern all subsequent phases and their individual steps.




Step2: Identify the Alternatives
Objectves

To select which alternatives to ayzé and compare.

Approach
In this step, the goal is to clearly identify the specific

alternative courses of action that could be implemented. Th
scope of alternatives varies significantly based on the conte
of the decision. These can range from narrpeciication of
alternative policy implementations (e.qg., require all utilities t
meet a specific planning reserve margin) or specific
investment projects (e.g., invest in new controls at an existi
power plant), to portfolios of projects (such as wtilit
integrated resource planning [IRP]), up to very broad analy
spanning all known technologies (in the case of natiscalle
techneeconomic or policy modeling). Thus, alternatives car
be policies, projects, portfolios of projects, or technologies.

Tedhnological alternatives may be relatively easy to identify
however, their valuation may be more difficult, particularly i
an alternative technology provides more or different value

streams in addition to the primary one for which it is origina|
consideed. For instance, a valuation comparison of distribu
energy resources (DER) versus central generation plants w

Defining Strategies andlternatives
The TVAntegrated Resource PlatRp
provides a good example of idenfifig a
range of alternatives (Ste), and
assessing impacts of each alternative
(Step 9)In the TVA IRP alternative
coursesof Ol A2y IsiNEI ©D$
that represent business decisions that
TVA can controlThese strategies are
then evaluated in multiple scenarios,
which represent uncertain futures that
TVA cannot control. In conkation with
stakeholders, TVA identifidive distinct
strategies that account for differences i
desired attributes of resource
portfolios. One strategy is the

d wS F S NB vdaistwhichlalyogher
strategies are comparedtachstrategy
isthen evaluated across several
different metrics, inclding cost, risk,
environmental stewardship, flexibility,
and local economicghe results for

require fundamentally different analytical valuation
approaches, as DER often provide added value to the
customer. A central generatiorapt, in comparison, may
primarily provide value to the bulk power system.

each strategy and each scenario are

then presented in a common scorecard

for easy comparison across alternative
TVA2015b

In most cases, budgand/or timeconstraints limit the number of alternatives that can be considered. The
number should be sufficiently large that alternative viewpoints and pé&x&pare taken into

consideration. It is important ersure that all reasonable alternatives are identified and vetted.
Transparency ithe valuation process will support this: while the formulation of the basic question/issue
and its scope (Steh usudly suggests alternatives, a key aspect ofwhigationframework is to
examine the issue from other stakehol dersbéo
evaluatedOne of the motivators for developing teuationframework is that new technology
developments, market models, and grid configurations offer innovative alternatives that may not be
considered if one only looks dibr exampledifferent types of central generation plants as options for

meeting load growthA diverse set of stakeholders can be the sources of several alternatives, often
injecting novel ideas into the more conventional solution set. Indeed, using stakeholder engagement (Step
3) to propose alternatives has been successful in promoting aceepfamluation studies (see the

sidebar for the TVA IRP).

perspe

All valuations should have a baseline alternative against which to compare other alternatives. Typically,
this baseline alternative ibaisiness as usuatenario in which the state of the wortdléws current

practice. The baseline alternative will include a description of the expected current path of broad societal
and financial parameters (e.g., inflation, growth rates, legal policies) that will be consistent through all

alternatives, unlessepc i f i cal ly al tered for exploration of varl

10



Feasibility considerations are importarthere is no need to evaluate an alternative if it cannot be
implemented without violating some hard constraints (e.g., a renewable energge&smacity may
havetomeed ut i |l ityds generalti on adequacy requirements

Sometimeghe attributevhose value is tbe characterized is very complex, mii#tceted, and
imprecis&d such as power systembs r esthdldvetofresliencelcouldsuch a
lead to a comparison of options for strengthening certain aspects of resilience.

Results/Documentation
9 Identification of the set of alternatives for consideration in the evaluation and boundaries.
91 Specification of &usinessasusual case with which the value of other alternatives will be
compared.

Interaction with other steps

This stepalso begins to specify the bases for comparison between alternativepetiied bases for
comparisor(e.g., cost of electricitygmissions, reliabilityvill first be translated into the key higbvel
metrics (identified in Step 4Weighting or prioritizing the metrics will be necessary to develop decision
criteriato use in subsequent valuation stépg)., Steps 5 and 1@&akeholdercharacterizatiomnd
engagemen(Step3) will be a key determinant of thigeighting The nature of the alternatives to be
considered will also inform the choice of methods and tools (Step 7), and the reasons for selecting the
alternatives must b#éocumented as part of Step 8 (assumptions and input data).

Step3: Plan and Initiate Stakeholder Engagement

Objectives

Identify the stakeholders to be involved in the valuation Structuring Stakeholder

study, define their roles, and develop a stakeholder Engagement

engagement plan. TVA assembled a diverse stakeholder
ANRdzL) G2 KSEL) ad2l

Approach _ _ _ valuation and marginahte-setting for

Stakeholder engagement is an integral part ovaheation distributed technologies. This set of

process. Stakeholder engagement must be planned and | stakeholders included representatives
initiated from the start, since it affedll the Othelsteps This from rural and urban loagerving
stepbegins by identifying relevant stakeholders in addition| entities across the region, consumer
the organization initiating thealuationstudy (likely deemed | groups, environmental groups, solar
the primary or principal stakeholder for the study)this installers, and technical experts.

step the entity conducting the study articulates the objectiy TVA2015a
authorities and responsibilities of stakeholders in the
valuation study as part of developing an engagement plan.

At the outset, the initiator of the study may postulate additional stakebobtgectives and preferences

basedon he i nfiamialtioarbisty with each st akedranhigtaicaldbs pri o
actions/decisions of a stakeholder. However, active felipvand engagement with all relevant

stakeholders is essélf to help ensure that important analyses or metrics are not overlooked in the

valuation and that any initial postulations about stakeholder perspectives are accurate. Meaningful
engagement also may be necessary to ensure stakeholdertbulgeoptionrecommended by the

4 Some level of cooperative engagemeiith stakeholders is important to obtain bny(and subsequent acceptance
of results), buthat may notlwaysbe possible, especially in existing forums likely to engage in valuation pescess
(PUCs, RTOs, FERQhat are often contentious and adversarial.

11



valuation analysisStakeholders may be engaged through numerous methods, including direct polling or
interviewing,advisory groupsholding workshops, and other, varied formal or informal interactions.

In some existing PUC,deleal EnergyRegulatoryCommission (FERC)andregional transmission
organizationRTO) forums where many valuatiatudyopportunities mighlie, existing pescribed
processefregulatory or legislativeinay inhibitformal involvement by regulatory bodigsthe early

stages of the analysis. For example, the PUC may
thus may not be allowed to be part of the analysis team that crafted it. In such cases, absent changes to
regulatory policy or procedurethie analysis team must anticipate and allow for the objectives or

viewpoints of the regulator in implementing teduationframework.

Results/Documentation

9 List of stakeholders to be involved in the valuation effort.

9 Stakeholder engagement plan, specifying areas of expertise and roles of each stakeholder. It
should describe how stakeholder input shall be solicited or, alternativebméstakeholdesare
strictly adversarial or prohibited from direct cooperationlé@gal or regulatory procedures), how
the valuation study wilkkonsider thesstakeholdes 6bjectives.

1 Plan for interacting with stakeholders.

Interaction with other steps

Stakeholder engagement should be an integral part of Step 1 and Step 2 a&utigegaging with
stakeholders, or anticipating stakeholder objectives or concerns, is part of every step. For this reason,
anticipated stakeholder involvement is included in most valuation process steps in Section 3 of this
document.

25 PhaseFBameudatalon Criteri a

The next twasteps frame the required information (i.e., metrics) necessary to characterize and evaluate
alternatives, decision criteria for the studpd the approach to integrate or consolidate the metrics to
portray the valuation of eh@lternative(steps 4 and 5YValue is often a complex concept and may not

be reducible to a single number or a quantitative tragetdtionship between metricSpecifying the
valuationcriteria requires selecting the highgsiority metrics as welhs quantifying or otherwise

specifying tradeoffs among metrics.

Step4: Identify Key Metrics for Valuation

Objectives

To identify all the performance characteristics, impacts, and oth| Metric Selection Affects Solar

metrics that will inform valuationgndprioritize those metrics Valuation

according to their influence on the choice of alternat8pecify Two recent studies on the value o

how higherlevel or canposite metrics (e.qg., reliability, solar show how considering a

environmental quality, job creation) can be expressed. different set of impacts can
influence the total value reported.

Approach A Montanastudy gave a total

Metricsused in valuation analysaseinfluenced bythe nature of value of around 4¢/kWh but a
the question (e.g., if a PUC evaluates options by the resulting ¢{ Maryland study showed 30

of electricity, tlenimpacts on projecteélectricity price area 40¢/kWh. According to one
metric) andoy stakeholder input (e.qg., if a utility requires thatits | NS @A SgSNE aiGKS
generation plamcludealoss of load probabilityL OLP] of <0.1 valuation differences come down
day/year then bulk power system reliability is a metric). to methodology and whatis
O2dzy SR la 0O2adu
Trabish2018
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One resouwre that can be useful for identifying grielated metrics ithe Metrics Analysis reference

document catalog developed éyother GMLC projet (Andersonet al.2017).Thedocument describes
Afexisting metricso and fimetrics being developed. 0
are continually being developed, that report suggests that the valuation framework must allow

stakeholders to propose new or customizedrics to reflect stakeholdspecific objectives for grid

performance. Therefore, for the valuation methodology, metrics will be classified as follows:

1 Base or fundamental metriese the directoutputsoiod el s and effectively #ic
thegrid. Base metrics would include LOL$&Yystem average interruption duration index
electricity cost ($/megawaktour[MWh]), line loading (amperes), peak load (megawatts), sulfur
dioxide emissions, energy/load forecast (gigaswatirs/year), and others.
1 Custom or composite metricembine metrics and other quantities to provide information
addressing complex evaluation criteria or decision processes. As an exanaelieson et al.
(2017) cites an affordability metric of percentage of household incomis thaent on electricity.
This composite metric combines information on electricity expenditures by customers (e.g.,
forecasted consumption by end users multiplied by average retail electricity rates) with
information on statéevel household incomes foifférent types of residential customérs.

Strong feedback received from the SAG was that metrics should not be limited to grid metrics. The

decision regarding which alternative to choose often depends upon metrics that are not inherently related

to the pever system or grid, such as the overall economic health of the region. An example would be

whether less costly or more reliable electricity would attract additional industries to the area, and to what
extent . -eSueccht riincoon met r ibe addrassed $inaildrly to powea systesnn ¢ a n
performance metrics. Basic metrics such as electricity cost and reliability could be among the inputs to a
regional economic model that forecasts compound o
unemployment ratd-or a valuation study, the differences in basic metrics for each alternative (e.qg.,

electricity cost per kWh) could lead to different forecasts of economic indicators from a model of the
regionds economy.

The basic metrics and impacts needed for the tialuahould be directly compared with the metrics and

impacts that an analysis method or model provides as its output. Thus, it is necessary to match the
analysis questionds (Step 1) requirementsand or i nf
methods (Step 7) can supply. Keeping this match in mind, Step 4 could use the following process to

identify the basic metrics needed for the valuation:

A. Using stakeholder input/objectives (Step 3) and the scope of the question (Steps 1 and 2), identify
all possible metrics and impacts to be reported/calculated as part of the valuation process. Use the
metrics/impacts catalo@g\nderson et al2017)as a guide for energlated metrics. There may
also be other nepower system metrics, such as economiliciators, that will influence the
decision.

B. Determine (from all metrics in item A) which metrics or impacts are basic ones. Basic metrics or
impacts are usually quantities that are direct outputs of a model.

C. If a metric identified in item A is not a bagjoantity, then it is @ustom or composite metric.
Analysts should determine how that metric can be calculatedoeim metrics and from other
data. A list ofbasicmetrics that compose the composite metrics will help to identify candidate

> The GMLC 1.1 Metrics Analysis Reference Documéhnhderson et al2017)cites much ongoing research to
develop, for example, forwaildoking metrics that more effectivetharacterize resilience. The catalog of metrics
developed by PNNL is valuable, but it is an evolving document, as the industry continues to develop new custom
and composite metrics. Indeed, any new valuation exercise is likely to develop metrics customilcdss the
specific concerns and objectives of the involved stakeholders.

13



methods andobls for the analysis. (Note that the sets of basic metrics that constitute different
custom metrics will overlap.)

D. Prioritize the metrics and impacts that will be calculated. Each metric used in the valuation study
requires resourcéspersonnel, time, dagathering, modeland so onlt may not be feasible to
evaluate all the metrics. Therefore, this step must also prioritize which metrics will be evaluated,
for example
1 Key metrics essentiabf the valuation;

1 Significant metrics that should lsalculated if possible; and

T Metrics fdfof i nteresto that wi | | not signific.
The study organizers can decide which metrics to calculate, based on their own objectives and
resource constraints.

E. The methods/formulae faalculating the compound metrics from the basic meulats ard
other composite metrics become parth@Multi-Criteria Integration Approactsfep 3, the
Selection of Methods and ToolStép 7, the Impact Assessmer8tép 9, andthe Value
Calculaion (Step 10)

Results/Documentation
1 Comprehensive list of metrics that could be used to categorize the attributes to be valued in the
study,
9 Prioritization of the metrics to identify those that can be calculated within the scope, schedule and
budget otthe valuation study
9 Approach to calculate/estimate composite metrics from base metrics

Interaction with other steps

Metrics are the Amortaro that hol ds t &gmewotker t he
The nature of the evaluation ali®n and basis for making a decision (Step 1) and qualities that

differentiate alternatives (Step 2) are used to identify metrics. Prioritizing the metrics directly informs

Step 5, MultiCriteria Integration. Determining how each metric shall be calallatimated, and/or

simulated informs the identification of uncertainties (Step 6), choice of methods and tools to be used in

the study (Step 7), and requirements for data and assumptions to be made in order to perform the analysis
(Step 8).

Step 5: Devebp Multi -Criteria Integration Approach

Objectives
The objective of this step is to develop a method to assign

comparative values to alternatives characterized by disparate
metrics.Not all metrics and decision criteria can be reduced to 0
expressed in a common unit (e.g., dollar cost).

Multi -Criteria Impact
Presentation

The EIPC study of the Eastern
Interconnection involved more
than 80 various scenarios and a
large set of metrics for each.
Several methods were used to
consolidate results into meaningfu
presentations, including cluster
diagrams using double variables,
heat map tables that vary the colo
of individual cells based on their
value, and transmission flow mapg

Approach
This stepdevelops and explicitly shows the traofés among

impact netrics. In a complex valuatistudy, elements (metrics
and impacts) usually interact. For example, a technology or des
option offering enhanced grid reliability may also result in highe
operating costs and may also have advens&ronmental impast
Thevaluationframework allows foframingtradeoffs, such as
those amonglectricity costs, reliability, and environmental
impacts_so as tdelpi d e n t. LTy t hMUChFDt.ﬂe S to between the regions with width
delineation 9f trad@ffs of metrics comes fror_n the artlculatl_on Ol - Fesian o ies varying.
stakeholde® o b j ted Ji In reashematical programming/ EIPC 2011
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optimization termsguantifying such tradeffs would definghe objective function upon which the
valuation analysig based.

The output of thistepis a clear presentation of tkieluationrelated integratioprocessTradeoffs do

not always need to be describmpdantitativdy. For example, itomparingwo alternatives with different

cost and reliability impacts, one cannot objectively equate the values of the two (e.g., X change in LOLP
is worth Y increase in electricity costdNh). It is often sufficient to present clearly the results of the
alternatives in terms of impact metriesd.,cost, reliability, emissions, land use) as a basis for discussion
and debate among stakeholders.

The multicriteria integration may include constraints as well as todfdeamong impact metrics: any

option studied may first have to satisfy certain requirements beforedffsdere considered. For

example, power systems must first meet certain rétiabequirements from the North American Electric
Reliability Corporation (NERC) (e.g., critical infrastructure protection, adequate level of relihLliR]
requirements)as well as regional, state, and local reliability requirementy he al t er nati ves
resource plan options will result in various electricity costs and reliability and environmental impacts.
Before thevaluationframework is used to frame a debate about todfteamong these three metrics (to

identify thebest option), all options to be studied will probably be required to first satisfy conditions such

as:

N E R CALR requirements

N-1 or better contingency response (e.g., NHRC-001);
LOLP of <0.1 day/year

Acceptable ranges for system voltages and egeiiy loading
Environmental Protection Agen@missions requirements

=A =4 =8 =8 =9

Constraintsand requirements may also be characterizdwhesor soft For examplea normal rating
loading constraint can be s@fheaning it is undesirable but acceptalbelf, an erergency rating loading
constraint is hard.

Results/Documentation

Methods to present and/or compare the values of alternatives as expressed by multiple metrics. If every
attribute can be monetized, this task will be easier. However, because the methasisientions to

monetize a metric may be controversial, the monetization methods must be documented. (e.g., what is the
cost to the consumer of an electrical outage?)

Where multiple criteria cannot be reduced to a single common unit, theoffadan beshown (e.g., cost

of electricity versus level of S&&@missions). For some criteria, especially environmentally based or
reliability-based criteria, there may be requirements that must be met (e.g., maximum allowed emissions).
(See t he si deBHastern Interconnetiien stidy forgamples of how to document multiple
criteria to facilitate understanding.)

Interaction with other steps

The manner in which multiple criteria are viewed in the valuation process is influenced by the
stakeholders (Step 3) and the metric prioritization (Step 4). Inthergrticulation of how multiple
criteria are viewed for valuation analysesdps determia how integrategalues are calculated for each
alternative (Step 10) and how the results are presented and interpreted to support thenaidisgon
process (Step 11).
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26 Phase C: Design Anal ysi s

The three steps in thphase construct the study, includithg methods, tools, assumptipasd input
data to be use(bteps 7 and 8)hiseffortincludes determining the methods to consider uncertainty in
the analysis and consolidated impacts from the different alterné8teys 6)

Step 6 Determine Approachto Handle Uncertainty

Objectives
To identify the unknowns and uncertainties inherent in forecasting, modeling, and valuation. To

determine how to deal with and document these uncertainties (or estimates) in the analysis.

Approach
There are varied kinds of uncertainties that come intpghlaing the course of valuation analyses, and

that are associated with giidlated decision making that may be based partially or entirely on the results
of valuation analyses. Illustrative categories of uncertainties inthed®llowing

1 Datarelateduncertainties
o No data, or gaps in tirageries data
0 Incomplete or inaccurate data

9 Forecasting future year conditions

o0 Price/costrelated: Future year forecasts of equipment/technology prices, fuel costs, labor
costs, outage costs

o Capabilityrelated: Unceriaties in technology development predictions (especially
accounting for the results of current research and development) translate into uncertainty
about equipment reliability/availability, performance characteristics (e.qg., efficiencies,
losses), operatits and maintenance needs, other costs and prices

o Load or growth forecasts

T Eventr el ated uncertainties: uncertainties regard
o A forced outage of a generator, power line, transformer or other grid component
o Demand for powe(i.e., load forecast, including time and spatial components)
o Cost® e.g., price of natural gas
o Occurrence or probability (e.g., frequency, magnitude) of an extreme event, such as a terrorist
attack, solar flare/gemagnetic disturbance, hurricane, flood earthquake
0 Weathed temperature, rainfall, wind, solar incidence

1 Power systennelated uncertainties: uncertainty about the state of the power system (e.g., after an
event, what components are out of service)

1 Analysis methotirelated uncertainties: simti@n and forecast analysis methods, tools and
models can only estimate outcomes (impacts and metrics)

These kinds of uncertainties can be addressed through multiple methods (used singly or in combination):

1 Use of expected value or most likely value

1 Useof a range of values (e.g., high, medium, low forecasts)

i Stochastic techniques (probabilistic modeling), such as
0 Monte Carlo analysis
0 Probability density functions (e.g., BoeBaleriaux method for production costing)
0 Probabilistic risk assessment

1 Sensitivty studies
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1 Contingency planning studies (e.g., loss of the first, second, étadlargest generators or
linesd contingency modeling is used to meet NERC ALR requirements; force 5 hurricane; high
altitude electromagnetic pulse event of X magnitude)

9 Definition of scenarios incorporating many assumptions and input values in a consistent manner
(such as tabletop exercises)

Uncertainties can be treated as risks for the valuation evaluation processes. Risk identification and risk
management/mitigation swellresearched field. The Department of Defense (CRBK Management
Guide for DoD Acquisition, Sixth EditidipoD 2006) provides a disciplined environment for proactive
decision making to identify and mitigate risks.

The DoD approach results in aatenumeration of identified uncertainties and a uniform format to

describe how each uncertainty was assessed and addressed. This attention to uncertainty is an important
differentiator from how many valuation studies are conducted. Often, the decisiow ¢ deal with an
uncertainty is made implicitly and never documented. Thus, a model may be chosen (e.g., for dealing
with probabilistic uncertainty) or a miginge forecast may be used (for dealing with predictive

uncertainty about the future) as thesimmary way a consultant/analyst approaches that particular

modeling exerciseHowever the choicé and the reasons foitmay not be appropriate or accurate, and

such a modeling flaw may not be detected because the choice of model/method was not dacumented

This step usually requirethatknowledgeablelomainanalyss familiar with the techniques for dealing
with uncertaintiesandtheir strengths and weaknesdss engaged fahis portion of the analysighe

value of this approach is that it clearly arehsparently identifies uncertainties in the valuation process
and explains how and why they will be considered.

Results/Documentation
Comprehensive documentation of the uncertainties inherent in the valuation methodology and the ways
they are addressed

Interaction with other steps

If specific modeling methods are chosen to deal with uncertainty, these methods can be compared with
characteristics of potential tools and models to identify which models are compatible with the selected
risk/uncertainty marie ment approach (Step 7). The availabl e I
resource constraints) as set forth in the analysis plan (Step 1/Phase A) will help determitentto

whichvarious uncertainties can be addressed.

Step7: SelectAssessment Methods and Tools

Objectives
To select appropriate analysis methods, tools, and models consistent with the information needs

previously identified and feasible within the budget and schedule set for the study.

Approach
This stepincludesthe selection oimethodsmodels andtoolsto calculate the impact metrics upon which

valuationrelatedfindingswill be based. Modelwill be describedr characterizedsing (but not limited
to) the following information:

1 Type of model or tool (g., load flow [static/dynamic}ransient stability, reliability, contingency
analysis]oad profile, price elasticity, load forecast, revenue requirements, generation expansion,
production cost, unit commitment)

1 Subsystem/sector (e.generation, transmission, substation, distribution, microgrid/feeder,
customer, load], combinations)
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1 Geographic area or territory: World, North America, United States, interconnection, area served
by a regional transmission or independent system opessatelevel area, utility, local area,
substation, feeder(s), microgrid, campus, customer premises

9 Time frameandresolution (micreseconds to yearsyonsidering whether the focal grielated
valuation is for planning, for operations, or for developperating procedures (planning for

operations)

=A =4 =4 =

Is the model foralculation(e.g., load flow, reliabilitypr optimization(e.g., production cost)
Constraints in model calculation (e.g., equipment loading limits, reliability/LOLP required)

Variables usedbr optimization (e.g., minimize fuel and operating costs)

economics (capital and operating and outage), reliability (various indices and metrics),

rates/tariffsgnvironmental effects

1 Required inputs (e.g., are the data available, accessible, affordable?)

1 Methods to handle uncertainty (e.g., stochastic techniques)

1 Model ownership and licensing requirements.

Recognizing that valuation is a process, it is impoti@mixercise consistency checks as part of that
process to ensure that the analysis methods and tools do in fact accurately calculate the metrics and

impacts upon which the decision (regarding which alternative offers the best value) will beTbased.

Model outputs (to be compared with basic metrics identified in Step 4): examples are loading,

resut of this step is a comprehensive and quantitative listing of the information requirements needed to
perform the valuation analysishe scope of the study (e.qg., distribution system vs. bulk power system;

utility service area vs. a city vs. a substaamal its feeders) and the information required to choose
among alternatives (metrics) inform what analysis methods and tools may be suitable for the valuation

Results/Documentation

Documentation of detailed calculation approach and data flov
to provide the necessary metrics éotecision. The models and
met hods wi | | have been chos

capabilities, and outputs match the scope and requirements ¢
val uation question. ( Swalee t h

transmission project for an exampliegood practice.)

Interaction with other steps

Modelssuggested for the valuation procesh be those with the
capability tocalculate the basic metrics that have been
designated as keYyhe characteristics of candidate models will
be comparedvith the studyrequirements (adefinedby Stepsl,

2, 4, § 6). The methods to derive composite metrics from basi
metrics Gtep4) and to integrate multiple criteria into the

evaluation and decision process8te(5) provide the equations

Documenting Selection of
Assessment Methods

Midcontinent Independent System
Operator (MISOgvaluated the
impacts of the MultiValue
Transmission Project Portfolio, a
series of large transmission
investments whose costs are spread
across the North and Central regions
of ML { h Q& TTRI2stutlyNA y i
provides a clear example of how to
document the choice of assessment
methods and toolgStep 7) for
complex, multifaceted studies.

data flows, and other methods to derive the required information from the basic metrics (i.e., model

outputs).

Step 8:Develop Assumptions and Input Data
Objectives

To identify and document all sources of data sintplifications or assumptions made during the analysis.
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Approach
This step identifiegshesources of data and documents any assumptions, simplifications or bounds on the

models or tools usedransparency about these selections is often crucial to thptaoce of the

valuation; stakeholders will want to be able to examine the basis behind the assumptions and input data
and potentially proffer alternate valu¢idowever, care must be taken to protect certain Critical Energy
Infrastructure InformatioCEIl) or confidential data sourced:he choice of assumptioaboutthe state

of theregion and the power system and its custom@lfrave substantial impacts on the quantitative

results of the modeled alternatives. Even choosing initial values canibaldiffower system models are
complex, often requiring voluminous and detailed input data. The input data must be consistent across the
different models employed in the valuation proc&se mustlsobe taken that the outputs of a model

have the propeunits, resolutionandaggregation when they are used as inputs to another model.

Results/Documentation
A comprehensive list of data sources and assumptions made.

Interactionwith other steps

The assumptions and key input data are influenced by thel mmdi¢ool selection (Step 7) the metrics

(Step 4), the means of comparing or presenting values based on multiple criteria (Step 5), and the
handling of uncertainties (Step 6). The analyst team will decide which data source(s) to use. A literature
searcha find similar valuation studies (Step 1) may help identify data sources. In the course of executing
this task, data may be unavailable or unreliable. In that case, an alternative approach may be needed, and
the project team may have to go back to Stapsélect a different model or analysis method; the new

model must be checked against the study scope and information requirements to ensure it meets the
information needs of the study.

27 PhaseD®t er mn®e esent Resul ts

The three steps of the Igdtase are the calculation of key metrig#erpretation and presentation of the
resulting valuesand reportingf the comparison among various alternatives to guide decision making.

Step 9: Assess Impacts for Each Alternative

Objectives
To exercise the anais methodology and calculate the impacts/metrics of each alternative.

Approach
Conceptually, this step is straightforward: simply perform the analyses using the methods, tools, models

and input data previously selected. With the valuation study modeling framework and assumptions
assembled, the chain of models and analyses are edéoutmduce quantified impacts of different

metrics across the range of alternatives defined in Step 2, including the baseline or{assiseakcase.

The models, simulations, and cases must also reflect the methods chosen to deal with uncetiginties (S
6), possibly including additional scenario analyses, sensitivity analyses, and/or Monte Carlo simulations.
The impacts should be quantified over the full tihegizon for which the actions and alternatives are
expected to produce differences with tlasdline case.

Results/Documentation
The expected impacts and characterization of each alternative, as calculated using the tools, data and
methods of the previous steps.

Interaction with other steps
The metrics and impacts will be used to calculate #hgevof each alternative (Step 10) using the multi
criteria integration approach developed in Step 5.
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Step 10:Calculate Integrated Values for Each Alternative

Objectives
To present the metrics and impacts for each alternative that are used to asakss its v

Approach
This step calculates integrated values for each alternative based on quantification of alternatives using the

multi-criteria approach defined in Step 5. If tools such as surveys and interviews are used, their more
gualitative results may ed to be integrated with the quantitative modeling outputs before values for each
alternative can be determined.

Depending on the method of integration and communication, this task can be as simple as totaling
financial estimates, or as complicated ag#oig priorities, ranks, and weights from a variety of
stakeholders. Variations on the integration criteria may be applied to better understand the perspective of
various stakeholders or simply the robustness of the integrated value. Results afteg apyalgrtainty

factors can also better inform the fully integrated results for each alternative.

Results/Documentation
The combined elements of expected impacts of each alternative necessary to express its relative value.

Interaction with other steps
The valuations of each alternative will be compared in the final step.

Step 11 Compare Values, Document Analysisand Report Comparing Values
Findings The DOE WindVision study compsre
Objectives the Wind Vision Study Scenadidn

To present the relative valuations of each alternative in a | Which wind deployment reaches
format that facilitates objective comparison by decision | deployment levels of 20% of energy by
makers and other stakeholders. To prepare a final report a| 203® with abaselinescenario with
complete comprehensive documentation of the vialnat wind deployment fixed at 2013 levels.
study. The study measures the impact of the

WindVision by measuring the differenc
in several metrics between the
scenariosincluding system costs,
pollution emissions, water use, jobs,
local revenues, and land use. Results &
presented in terms of central estimates
OFNRY (GKS &/ Sy GNT f
ranges (based on sensitivitiesinding
high or low fossil fuel costs, high or low
wind costsand other3. This study also
presents an example of clearly

Approach
This step documents the findings, including the opportunity

publish a matrix of metrics, if appropriate, rather than try to
combine all metrics into a single valuation
number/index/metric. Step 1 (Stakeholder Engagement) ar
Step 5 Multi-Criteria Integration Approach) inform the
format and content of the presentation of valuation findings
Steps 8 (Assumptions and Input Data), 9 (Calculate Impac
and 10 (Calculate Integrated Values) determine the numer

values. communicating the results and
i approach for a complex analysis.
Results/Documentiain DOE 2015

The final report and documentation of all methods, data an
assumptions upon which the evaluation was based.
communication of results.)
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Interaction with other steps

Each step has documentation requiats that, taken together, should in theory fulfill the needs of this
final step. In fact, it is expected that the documentation produced previously in the process will be
reviewed for completeness and consistency.
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3. Framewor k for Val uatabnonof Gr
Al ternati ves

31 PhaseDeA:i ne amncd p&o al

The firstof the fourmajor phases the process involves defining the overall scope of the shftsr. the
initial decision that a study should be conducted, the framebagis withactivities that include
defining the studypurposeandthe external factors that are driving or influencing the rationale for the
study, creatng a study planbroady definingthe different options or alternatives to be stupat
identifying stakeholders, contacting them for the initial engagement and planning for continued
engagemeniThe activities operatigeratively andsomewhat in paralletather than sequenilia. For
example, an initial desire by a decision maker or decisiaking body to conduct a studyay kick off
the entire procedStep 1) but relevanstakeholders may need to be consul&te§3) before the
alternatives to be compared canseéected (Step 2)

Step 1: Define Valuation Context and Purpose

The purpose of the valuation guidance is to provide a framework for comparing the relative attractiveness
of alternative courses of action in a transparent and repeatable n@ritneal tothe success of later

steps of the valuation process is the clear articulation of the context and purpose for the valuation effort
expanding on thanalysisquestion that initiated the studyhisarticulationis useful both as a guiding
document as the mtion effort is being executddto ensure that the various actors within the study

have a consistent vision of its purpdsandas a record for interpreting the valuation effort once its

results are summarized and released. The decision maker (persaly)dehds this step with the

assistance of the analysis team oncdehe hadveen identified and selected. Engagement with major
stakeholders is also important in establishing the context and purpose of the valuation effort.

The structure of thislocumemation may beyuidedby chronicling/recording the answersdcseries of

guestions about the valuation effort. We give a sawipipiestiondelow, butquestions should be

adapted to most clearly articulate the relevant points of paticularvaluationeffort. Note that not all
guestions require an explicit ansviixforea valuation studys initiated it can also be helpful to

articulate questions that are unknown at the outset and must be determined over the course of the study.

1 From whose perspectivese the valuation assessments being performéa? example,
ratepayers? A utilitySociety? Is one perspective primargmhce the same alternatives can have
differential impactson various stakeholders, the perspective of the valuation can impact which
alternative is most attractive.

1 Whatspecific decisions thevaluation is intended to supparif any? If it is intended to support
a specific decisignwhat is the decision and who(&re)the decision makés)? The purpose of
valuation can run from higlevel investigation of policy options to reabrld investment
decisions potentiallaffectinggrid infrastructure. Thetatedpurpose othevaluationprocessan
carry implications for the minimunevels of beadth and depth that are necessaatoy out the
valuationanalyses credibljin some cases, a valuation study might be used to compare
alternative futures, without supporting particular decisions that would be required to achieve
those futuresClarifying this upfront enables transparent comparison between valuation studies
that might have differences in purpo$eblel compares a study designed to support a gpecif
decisionwith one that evaluates alternative futures without supporting a particular decision.
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Table 1. Comparing the purposes of two studies

DOE Wind Vision TVA 2015 IRP (TVA 2015b)
Purpose Analyze feasibility, costs, arfaenefits of ~ Guide TVA in making decisions about the
increased wind power deployment to energy resources used to meet future derm
inform policy decisions at the federal, for electricity through 2033

state, tribal, and local levels

Alternatives A Study Scenario with 10% by 2020, 20¢ Five distinct planning strategies that were
Compared by 2030, and 35% by 2050 wind energy as®ssed over the 2fear IRP planning
a share of national engse electricity horizon, including a Reference Plan.
demand is compared against a Baseline Strategies represent future business
Scenario where wind energy is frozen at decisions over which TVA has full control.
2013 levels

Specific None Recommendation of target resource mix fc
Decisions 2023 and 2033

1 Is thevaluation effort restricted to a particular technology, investment, or policy compared
against a baseline common firstorder bifurcation of valuation studies is whether they are
focused on a particular poeetermined alternative, or if they are intentiethe a general
assessment of multiple alternatives, not all of which may be identified at the outset.

1 What are the key factors and environmental forcds® typically useful to identify the external
drivers that are motivating the valuatiefiort. Thesedriverscan include the current state of
energy supphanddemand, bottlenecks, upcoming changes to lawisemmvironment,
technology changeand ohers Describing the broader external conditions can help facitiate
identification of alternatives and key metritsroughoutheevaluation process

1 What resources are needed to conduct the valuati@&pending on the purposéthe
valuation an angysis team and other resouragdl be neededo support the valuation process
This team could expand or contract as the purpose evolves through iteration. For example, if the
purpose expands in scopleen computing, legal, accounting, environmentagtber specialties
may be needed. It may be necessary to hire outside specialists to assistuictinggthe
valuationanalysesThis team will take the lead on most of the remaining steps with guidance
from (and within the financial, temporal, and othenstraints imposed byhe decision makés)
funding the valuation process.

1 How should the valuation process be documented and the results disseminatiéidthe results
be made publiz(Some analyses and results may be confidential for a variety of redaams.)
formal evaluation process, each step should be documented to capture and communicate the
rationale used. Thidocumentatiorshould be done from the stémtavoidattempting taecollect
earlier steps later in the evaluation. Predefined deliverables for each stemaglemprove the
guality of the valuation.

Note that thisraluationguidancedocumentunderscores the importance of documenting the context and
motivation for the vluation processAt a minimum, this documentation compels the party sponsoring the
valuation study to articulate explicitly its goals and scope. Additionalllgaa articulation of the context

and motivatiorfor the valuatiorcan helpensurethat the firal resultsare actually useful and Bupportof

the grid modernizatiodecisions that may have prompted Wadiation Because othe importance of
stakeholder engagement throughout the valuation process, this step is also a good time to document the
staleholder engagement plan
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Detailed Guidance for Planning the Overall Process, Timeframe, and Milestones

The overall process of a valuation study can take significant time and resources whsasekigh

degree of precision is needed, a wide range afratiwes are considered, or the scale of the analysis is
large €.9, large national or regional studies). In contrast, simpi@arrower analysis can be used in
cases where speed is essential or resources are otherwise Rigtadng the valuationstly should
therefore start with establishing the time when the decision or findings are needed and the resources
(funding and personnel) that can be dedicated to the prégetn example, ongtudy of thevalue of

solar done at the state level with athigvel of detail had a budget for consultants5J® and a

timeline of overl year.With fewer resources available, a similar question could be addressed by using a
rangeof estimates from related studies or consultation with expeitudy with abudget of $0K, for
example, could be used to identify aspects of the valuation that are most likely to impact the relative
comparison of alternatives, providing a clear scope for more detailed an@lysfre other hand, having
more resources and timencallow for activities to increase the confidence in ressiish as pilot studies

to validate aspects of the analysis.

Depending on the scale of the valuation study, it may be helpful to have multiple opportunities for the
analysis team to interact witind checkn with key stakeholders and decision makérglanning the

study, it is therefore important to establish milestones and deliverables at multiple points through the
processAn example of such a set of milestones and deliverables from a vedastion sudy is

reproduced iTable2.

Table 2. Example schedule of milestones and deliverables for a recent valuation study

Date Analysis team identified by the project manager
+15 days In-person scoping meeting with commission personnel
+40 days Study outline presented to commissioners and/or project manager

+50 days Study outline approved by commission and/or project manager

+150days In-person meeting to present draft report to commission and commission
personnel

+155 days Draft report, as edited, provided to stakeholders
+175 days @ Stakeholder comments due
+185 days Dratft of final report presented to commissioners @raject manager

+190 days Commissioners and project manager provide written comments, if any, to
incorporate into the final report

+195 days Final report published after written approval from project manager and prg
final report to commission in plib meeting

Developing a schedule of milestones and deliverables for a particular valuation study can be aided by
answering the following questions:

1 What resources (funding, personnel) are needed to answer the questioft?a highlevel,
consider the importance of liag rigorous, detailed, comprehensive analysis compaitéd
relatively coarse approximationBhe resources used to study a question should shift acceoding
the magnitude/impact of the investment or policy being consid&€redlevel of detail and the
resources needed to determine an optimal investment portfolio for a utility are likely far larger
than the resources needed to consider avis alternative at a single location on the
distribution system.

1 When does the valuation need to be completedhe timeline of a study depends on the
urgency of the decisions informed by the anal\Becisions about subsidies required to prevent
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pending retirements of power plants might be more urgent and require tighter timelines than
decisions about broagachiry grid modernization programs that might roll out over many years.
The timeline may also be based on resource availability (e.g., using existing staff versus
contracting a thirgbarty) and the availability of data.

1  What major milestones are required?Estallishing milestones helps to ensure that progress is
being made in the analysis and provides an opportunity for stakeholders and decisions makers to
provide feedback and correction during the prodésgor milestones might include meetings
with key stakehlolers and decision makers to determine the scope, meetings and documentation
establishing the valuation criteria, proposed analysis, draft reports of the analysis results,
presentations to stakeholders, and documentation of final results.

1 How should the \aluation process be documented@lear documentation of the valuation
process increases transparency and reproducibility. Meetings are helpful for eliciting feedback
and communicating with key stakeholders, but written documents are lastjeg and prode a
clear useful guide to help others understand the valuation pr@mssnents can include interim
reports, final documentation, spreadsheets or databases of underlying data and assumptions, or
other forms of documents.

Learning from Related Studies

During this first step of the valuation processhbuldalso be useful to examine related studies and
document the findings from those studieéeevious studies of related questions, even if conducted for
other geographies or focused on comparing othematives, can provide useful information for scoping
valuation studies, identifying key impacts and valuation criteria, designing analytical approaches, and
conveying resultsThe degree to which resources are dedicated to identifying and catalogted rel
studies depends on the overall scale of the valuation process, but it is important to keep in mind that
extracting insight from related studies often requires less effort than reproducing similar Redated
studies are not the only source ofoihation for developing a valuation studyhile learning from past
studies can be insightful, it should be recognized that past studies may not have been acdwtter
forms of information and resea@hncluding engaging with stakeholders and exgeghould also be
consideredA goal of this project is to foster valuation studies that are consistent and extensible, adding to
the body of relevant literature available to future analysts.

Documenting the findings of related studies can focus on suzingmdividual studies oon comparing
how patrticular steps of the valuation procassaddresseatross studied.he findings should be
conveyed beyond the analyst team to include informing deaisaiers, stakeholders, and other subject
matter experts

Stakeholder Considerations

There are two main aspects of stakeholder engagement Qtepgthat initially may seem

contradictory. First, stakeholder engagement is crucial t8tiy&l objective of articulating the valuation
context and purpose. Second, valuation analysts, perhaps in conjunction with the grid modernization
decision maker(s), slild develop a stakeholder engagement plan for the full course of the valuation
process.

One goal of @tectly engagng some of the majastakeholderst the beginning of the study process is to
solicit their perspectives in shaping the purpose, alteegtand bounds covered in the valuation study
(see sidebar belowhnitial transparency in the scoping of the valuation study can prevent costly iterations
through the valuation process and subsequent delays in making an informed decision.
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consumer groups, environmental groups, solar installers, and technical experts.

EXAMPLE: The Tennessee Valley Authority (TVA) assembled a diverse stakeholder group to hely
stakeholders included representatives from rural and urlmatiserving entities across the region,

TVA Distributed Generatianintegrated Value (D®/) methodologyTVA 2018)

f

Whom to Engaged Key Potential Challenges

A key challeng is to engage stakeholders effectively before developing a plan for engaging stakeholders.
One approach is to start by identifying potential stakeholders for the grid modernization project at issue

according to the generic stakeholder engagement proageysly discussed. This set of stakeholders
then can help shape the valuation purpose sufficiently for analysts to be able to develop a stakeholder

engagement plan for the remainder of the valuation process. The initial set of grid modernization project
stakeholders can help set the boundaries of the valuation study and for vaieiatie stakeholder
engagement. Should a projeetated committee or similar group already exist, as in the exanitgtein

the sidebabelow, valuation analysts can tapdtachieveStep2 stakeholder objectives.

GRID MODERNIZATION DECHSISNNG EXAMPLEiate 2009DOEsponsored irdepth

federal, state and local government agencies, universities, aneeh@n@S Ny Y Sy ( | £

NELINBaSyidlriAgSa FNRBY GKS NB3IA2yQa adlisSa

transmission planning efforts for the three electrical interconnections that cover the continental
United States Asset forthin the DOE statement announcing the project, this planning was to
GRS@St2L) 'y 2LISys atNdpyocessithitBiy ibvblvelpaftitipatiefiormn indusry

2NBFYAT S AdGa LINB2SOGzZ GKS 91 adGSNy LyidsS Ny
transmission planning authorities) began by creating a Stakeholder Steering Committee with vo

Council), industry representatives, and consumed anvironmental organizations. Only after this
committee was convened were the range of alternatives and sensitivities proposed and develop
(EIPC 2011

2N

0

There is a caveat to that approach, which constituteberkaty challenge. The structure of an gig

group (.e.,who is or is not a member of it), and its history and dynamics can shape the advice provided.

It can shape the specification of alternatives, the delineation of the purpose of the valuation, and which

stakeholders and impacts are deeffiede | evant . 0 Advice from

t hi

S

ni

excellent, but it also may be constrained or embody implicit biases that could prove counterproductive in

achieving the valuation goals. One approach to dealing with this challengerisigthat early

stakeholder engagemg(&tep 3)is highly iterative duringstepsl and2.

A related challenge is to selextet of stakeholders for this early stage of engagement when there is no

preexisting stakeholder committee or similar group. The composition of the set of stakeholders consulted

matters because it affectdich viewpoints aré and are n@ tapped.

Additional Resources
AppendixC includessometemplates, checklists, guidaneed tools that may be useful for

accomplishingstepl: achecklist for scoping the purpgsen example of a resource consideration matrix

a list of questions for organizing a reviewrefated studiesand an outline for the deliverable
summarizing the purpose, process, timeframe, and milestones.

Step1 Deliverable:

1 A succinct statement of the purpagahe valuationwith context includinghe following
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Whose perspective is most intpemt,

The purpose of the decision (e.g., policy development, investment)

The timeframe over which impacts are considered in the valuation
0 The geographic area for consideration

1 Alisting of the overall process to be followed

1 A description of the overall skeholder engagement plan

1 Aninitial timeframe and budget for the process, the initial evalusizm

1

1

O oo

Learning from related studies and how that information shoulgdiin subsequent steps
Major milestones for the rest of the valuation

Step 2: Identify the Set of Alternatives

After defining thecontext for the valuation effqrthe nexistepis to clearly identify the specific

alternative courses of action treatuld be implemented he scope of alternatives varies significantly

based on the coext of the decisionThese can range from narrow specification of alterngoley
implementationge.g., require all utilities to meet a specific planning reserve margin) or specific
investmenprojecs (e.g., invest in new controls at an existing poplant), to portfolios of projects (such

as utility IRP), up to very broad analyses spanning all known technologies (in the case of retalaal
techneeconomic or policy modelingor the remainder of this documewe will refer tovarious
coursesofictiongeneri cal l ybasofiahget hati vas polaest i ce alter
(inclusive of ratesetting, market rules, and the variety of local, stte federalevel regulations and

incentives) projects portfolios of projectsor techimlogies

Technological alternatives may be relatively easy to identify; however, their valuation may be more
difficult, particularly if an alternative technology provides more or different value streams in addition to
the primary one for which it is originally considered. For instance, consider DER as an alternative to a
central generation plant technology. A shidesidevaluation comparison of these two generation
resources will require fundamentally different analytical valuation approaeesis®ER provide

value to the customer and potentigilpvidevalue and/or cost to the distribution systasmwell ad if
coordnated by aggregatdysbulk power values. A central generation pjamicomparisonmay claim
valueonly for the bulkpower system.

Policy alternatives, generally, include variations of central policy thtostxplore the sensitivity of a set
of goals orconstraintgo the overarching policy objective. Many valuation studies have been performed
to explore the costand benefits of certain levels of RPS for a particular jurisdiction.

In most cases, the number of alternatives considered for a valuatinalisasidtheyshould be chosen

wisely. The number should be sufficiently large that alternative viewpoints and perspective are taken into
consideration. Usuallya diverse set of stakeholders can be the sources of several alternatives, often
injecting noel ideas into the more conventional solutiordskidr instance, using battery technology as an
alternative for traditional transmission upgrades (Pugen&Buoergy 2017).

As mentioned in the discussion of taxonomy, all valuations should have a baselinatiaftagainst

whichto compare other alternatives. Typically, this baseline alternative is a bua#essal scenario in
which the state of the worltbntinues tdollow current practice. Note, however, that this does not mean
that abusinessasusualscenario is exactly the same as the current envirodjast that any anticipated
decisions follow current practice. An important consideration in the valuation process is understanding
that the power system must be adaptive over longgoakes (simul@&tg and approximating this

adaptation is a key concern in the selection of modeling methods, tools, and assumgtieps/iand 8)

and that alternatives proposed in the valuation process should refle@egthisand must béeasible.The

US Energy Ifiormation Administration (EIAAnnual Energy OutlookAEO) provides a sound example

of the definition of a baseline case (caltkd eferencecase). It assumes that a technology advances
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under predictable and understandable rated it considers curreand future national and state
legislative requirements. For instance, it implements future RPS requirements as they are setdig each
(EIA 2016)

Feasibility considerations are importarthere is no need to evaluate an alternative if it cannot be
implemented without violating some hard constraints. The feasibility requirement can be explicitly
imposed on an alternative; for instanaegnewable energy resource capacity must meet or contribate to
utilityds gener at iHowevea Hedaggibditg of anraleativeametmleays s .
known in advance, such as i nfollbwing pacagapleslesoribeaa ut i
series of steps an analyst should take to derive the set of (feasible) alternatives to be considered in the
valuation process.

Defining Constraints and Feasibility

Readilyidentifiable well-defined, and feasible alternatives to compagainstbusinessasusual
conditionscan be difficult and fraught in practicEhere are multiple sources of potential infbiisy,

and it is common to ovearonstrain alternatives. The following principkend considerations are intended
to help guide that process:

1 Adistinction must be madeetween hardonstraintglegally or jurisdictionally bindingules and
regulation$ and soft constraintsuch asost, risktime, or difficulty thresholdslt is easy to
confuse the twoHard constraints necessariipund the definition of feasibkternativesSoft
constraints may point to alternatives and insights that may otherwisetdeoked or assumed
away. Furthermoresoft constraints should be represerdadexplored to the extent possible in
the modeling framework (e,gas additional costs or as sensitivitigging explicit about
assumptions with respect to what issuesstiiiie hard and soft constraints is a fundamental issue
of transparency and can facilitate productive discussion with stakehdidetwe extent soft
constraints can be exceeded or traoiédetween other value categories, they may be more
appropriately included within the value equation rather than constpginse.

9 Hard constraints may eliminate certain alternat{eeg., certain projects or technologié&em
consideratiorentirelyd butthat isnot necessarilthe caselnsteadtheymay simply set the
boundaryconditionsfor the broader suite @fiternatives.

1 Alternatives compared in the valuation proca&not necessarilguaranted to bea priori
feasible.Often, feasibility considerations are explicitly engineered into the mettomis, and
assumptions used in modeling the impacts of valuafionexamplecapacity expansion models
mayexplicitly address the resource adequacy aspdmlahcing demand with supply (plus
reserve margin). But they do not guarantee that the gedqrateer of the new capacity can be
delivered through the transmission system to the load centers. Only additional power flow
analysis will reveal the feasibility of delivery

Setting reasonabjeghysicalboundaries of the analydsimportant. It places eonstrainton the assets to

be considered in the analysis. Usually, larger geographic footprints consider greater numbers of assets,
and with thata greater degree of freedom to find optimal solutions. Frequently, policy optiens

defined by states having jurisdiction over the electric generation assets. Thus, a natural boundary would
be the state borders. However, from a power flow perspective, the transmission system is governed by

I aws of physi ctus/(akdrcoatiubus hefworks suctaas interconnections may be
considered as the scope for the analysis. The final decision about the reasonable physical constraints
should be based on the data availability, computational capabilities, and characteristics of the
technology/or policy to be valued
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Systematically determining the spectrum of alternatives is likeyativate a rethinking of how the

decision under considdian is definedThereforethe decision maker and analysis team should be

prepared to revisitrad modify thepurposeposed inStep2. Although an initial list of the alternatives to
consider is necessary to proceed with subsequent steps, the list may change. For example, a stakeholder
not yet involved in the process may pronim decision maker deam to include or excludeparticular
alternative All three steps are involved in designing the scope of the valuatiordieatedin Figurel,

and will interact witheach other.

Additional Resources

AppendixD includessomechecklists that may be useful for accomplishBigp2: a checklist of potential
hard constraintanda checklist to help set boundaries

Stakeholder Considerations

Stakeholder engagementSitep2 aims to help identify the set of alternatives to be considered in the
valuation analysisigain, a diverse set of stakeholders usually yiald®re diverse set of alternatives.

Particularly for valuation efforts that arpen to considering new alternatives as they arise, the first two
activitiesmay not be considered complete until stakeholders have weighed in on the valuation purpose,
key environmental factors, or alternatives. However, in many cases, the alternabeesudied will be
determined before the valuation effort and any associated stakeholder engagement are initiated formally.

Whom to Engaged Key Potential Challenges

Stepsl and2 may occur simultaneously or nearly simultaneously. In these situations, whoeve

participated duringtepl will participate in identifying alternatives for the valuation analysis. This

situation increases the importance of, and the potential complications associated with, the choice of which
stakeholders to engage duritepl. For example, deliberations about which alternatives to include or
exclude and the specification of those alternatives requires specialized expertise. Some categories of
stakeholders may be excluded from this early engagement because their influepestisesx

insufficient to allow them to provide input that is meaningful in selecting the set of alternat{ieStap

1) articulating purpose of the valuation. A decision to exclude some stakeholders may be sensible and
pragmatic when viewed from actenical valuatioranalysis perspective, but it could prove problematic if

the exclusion of (some of) these stakeholders becomes a matter of contention.

WhenStepsl and2 occur far enough apart in time, it is possible to plan in a deliberate manner to select
stakeholders with desired technical or experiential expertise for alternative selection and specification.
The set of stakeholdeengaged in Stepray be the same #3sose inStepl, a subset of those

stakeholders, or affiliated with different portions of the same organizations representedtagier.

may require stakeholders and subject matter experts (who may not be defined as stakeholders) who did
not participae inStepl. As in Stepl, the selection of which stakeholders to include and exclude can
shape the decisions made durBtgp2 and can have ripple effects throughout the valuation process and
possiby the grid modernization decisiemaking process.

Note that analystsand possibly the grid modernization project sponsor or decision nweikdrave to

deci de what constitutes fidesired expertise, o0 thou
others (e.g., stakeholders). Regardless, this decgssiopactful for the valuation effort and associated

grid modernization decision making.

A potentially major challenge is to establish and convey the role that stakeholders will play in deciding

which alternatives to pursue during the valuation procegspbssible that the stakeholders who are
engaged may influence but not determine these chbemmise afuch factors as resource limitations
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and grid modernization decision maker obligations and constraints. Misunderstandings or inconsistent
expectans about who will decide upon alternatives and what role involved stakeholders will have in
that decision making can lead to friction and distrust during andSt#ep. Related to this challenge is
deciding how to resolve disagreements or disputes gustakeholders regarding which alternatives to
pursue.

Step2 Deliverable

1 Identification of thesetof alternativegor consideration in the evaluatiamd boundaries
1 Identification of assumptions and input data for evaluation of each alternative

1 Input toStep4d Identification and prioritization of evaluation metrics

1 Input toStep7d Identification of the assessment tools and methods

1 Input toStep8d Documentation of assumptions and input data

Step 3: Plan and Initiate Stakeholder Engagement

StakeholderEngagement as antegral Part of the Valuation Process

Stakeholders and stakeholder engagement are integrated into the valuation process, but details and
emphases vary in different stepspractice, there is a range of standard practicpkaie across the

nation, from fairly routine use of neevidentiary processes to engage people, especially appropriate for
innovationbased issues, to states wharen-evidentiary process is unusushis section of the
valuationframework provides a girlevel overview of how stakeholders and stakeholder engagement
function throughout the valuation process. It starts by introducing and defining key phrases and concepts
and then summarizes a generic stakeholder engagement process. Subsequent sedbernsales

specific details, emphases, and consideratidppendix Dprovides associated tools and checklists.

Who are thestakeholderd By some definitions, it can be hard to exclude people or organizations from
potential lists of stakeholddyse.g., a takeholdercan be defined as anyomhois interesed orinvesed

in something andr is impacted by and cares abdutin a broad senserig modernization project or

policy proposers are stakeholdeas are people or entities who make decisions alvojgqs or policies

as are governmental and nongovernmental organizations, businesses, and people who live or work in
potentially affected areas.

There are multiple junctures during the valuation process where either the grid modernization project
sponsor or the valuation analysts need to determine which stakeholder(s) to involve, in what ways, and to
achieve which ends. Judgments about which std&ehsto involve and hovare contexdependent and
therefore can differ atariousstages of the valuation process. In some cases, decisions abautovho

include and exclude in stakeholder interactions can communicate intentional or unintentionalsnessage
about issues like transparency and inclusion. These decisions can help set the tone for stakeholder
engagement, whether in positive ways or in ways that stir distrust or exacerbate controversy.

Grid modernizatiofrelated decision making and stakeholidégractions take place in an historical
context.The past influences the present (whether directly related to the issue at hand or not). Smooth
operations, respectful and productive interactions among stakeholders, and trusted players combine to
create arentirely different context for later decision making and stakeholder interactions from a history of
operational problems and antagonism or distrust among key players. In the latter case, the new decision
making and stakeholder involvement processes meg ttebe designed partially to overcome past
problems and build trust. Similarly, the valuation process anergiaded decision making occur over

time, so the nature of stakeholder engagement during earlier valuation steps can affect the issues and
natue of interactions during later steps.
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Past and current interactions also can be affecte
Stakeholder engagement for new grthted decisions may include these same individuals, and therefore

build upon past patterns of interaction, whether those patterns were positive or fraught. The introduction

of new players (e.g., individuals in leadership or other key roles) can introduce uncertainties and disrupt

past patterns of interaction. Regardless, raw stakeholder engagement for valuation processes er grid

related decision making should be attentive and responsive to key individuals and patterns of interactions
among stakeholders in the past that can affect current interactions.

Utilities and otheeentities may have their own, walktablished stakeholder engagement approaches and
practicesThese approaches may be informed by federal, state, regional, and local regulatory agencies and
designed to align with varied corporate or organizational funstmnd goals. Thus, some of these

approaches may emphasize puoliented outreach and feedback. Such approaches may serve more to
meet public relations objectives than to help guide valuation analyses and subsequent decision making.

Stakeholder roles arnot uniform;for example PUCs are unlike many other interested parties in that they

have regulatory authority and are often in fact the decision makers that choose among grid modernization
alternativesin some existing PUC, FER@nd RTO forums where any valuation opportunities might

lie, existing proscribed processes (regulatory or legislative) may inhibit involvement by regulatory bodies

in the early stages of the analysis; i.e., the PU
notbe allowed to be part of the analysis team that crafted it. In this case, absent changes to regulatory

policy or procedures, the analysis team must anticipate and allow for the objectives or viewpoints of the
regulator in implementing the valuation franwW. Fortunately, PUS obj ecti ves and prio
usually well known from past rulings

This guidance document tendspiortraystakeholder engagement as a set of formalized processes to tap
the perspectives of such gridlated stakeholders as gridrastructure asset owners, utility commissions,
public interest representatives, or technology original equipment manufacturers-pathtjrgroviders.
However established stakeholder engagement approaches and practices may not currently be
implementedor valuationrelated analyses. The generic @ridein this documentan stillcomplement
these other approachésd it may be particularly useful for entities or interested parties without such
well-developed approaches, or in cases where those apesdaaye not been implemented for valuation
analyses.

Determine andArticulate Goal(s) ofStakeholder Engagement

In planning for stakeholder engagemenis issential before beginnitige engagement to articulate one

or more specific goals for that engagent.Stakeholder engagement gosit®uld be specific and

attainable at a minimum, even though the goals may be a subset of fuiglearproject goals or
aspirations. That i s, -Ordeogba thaiis todbroad forthesestphidéerd o i s a
engagement process&ome may wish to specify SMART gaodlspecific, measurable, achievable,
resultsfocused, and timéound

Valuationinforms decision making big not the sole determinams suchstakeholder engagement

within the valuation processan besubstantially different frorthat used for the finalecision making.

There naturally will be overlap between the two purposes for stakeholder engagement and in the
individuals and groups participating as stakeholders. Thexdgfanay be especially important to

articulate the stakeholder engagement context and goal(s) at several junctures throughout the valuation
process. In other words, there may be an overarching goal for stakeholder engagement but paricular sub
goals asstiated with different steps in either the valuation or grid modernization decig&ing

process.
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Note that stakeholder engagement can take many different forms, associated with different contexts,
goals, playersand sometimes what can be labeled phpbstal approaches. The latter category can be
manifested imanyway ranging from thinking of stakeholders as groups to be informegtesps to

be consulted vs. active decision makers. Some forms of stakeholder involvement are consistent with a
participatory governance philosophy. In these cases, stakeholders (sometimes including members of the
public) actively help to define the goals.

Identify WhatCo n s t i Suuctcedsssabging Interim and Outcome Success

It is essential to know when, or the exteriMuich, specified engagement goals were achieved. Thus, it is

i mportant when specifying a goal also to define w
know it when one sees it. It also is important to identify how to gauge whether the englasfemés on

track to achieve its goals, to indicate where refinements or corrections in approach are needed.

EXAMPLE: A goalmbCUMENTING KEY BESOF CONCERNstakeholders is substantially
different from a goal ofMAKING A DECISIONATHS ACCEPTABOENOSt/all stakeholders involved
in the decisioamaking process. Success for the former could take the form of a
O2YLINBKSYaA @S fAal I2F A aAaydaSSNIRETI SR yadiS- Ny
opportunity to vet, refine, and approve. Success for the latter could include a plan/deci
GKFG FtA3Iya gAGK 62N I RRNBaasSao GKS T2
stakeholders who need to approve, pinto, or implement that plan/decision.

Identify Important Stakeholdersfor Achieving Specified Goal(s)

The ideal is to identifyall stakeholders who are relevantgarticular goals. In some case, the number of
potentially relevant stakeholders is so vast iatay be virtually impossible to inclugdld especially
when members of the public are included among the relevant stakeh®luefellowingare someassues
to considein identifying firelevanb stakeholders.

1 Draw (initial) boundaries around whoasd is nogffected by the potential decisiondto what
extent The earlier specification of stakeholder engagement goals can provide a framework for
making deternmations, though discussionsmdtential stakeholdeisn in turn,help refine the
goal articulation, tooRecognize that initial sets of stakeholders may expand or contract over time
and throughout the process. Think aboutrtiativeimportance of steeholders:
0 Within and outside of the sponsoring or decismoaking organization
o0 Atlocal, regional, or national levels

o With direct and indirect roles or-making er est s
authority, associations that may represehtoad swath of interests but not any particular
entityds positions or I|ikely actions)

EXAMPLE: The electric grid is a highly connected network that, in turn, is connecte
many other environmental (e.g., rivers and the atmosphere), manmade (@tgah

gas pipelines), and socioeconomic (e.g., industry and employment) networks and
systems. Actions or events at one location can induce impacts across multiple
geographically dispersed interconnected systems at ticedes that can be immediate
or on the order ofdecades For a quantitative evaluation of alternatives, valuation
analystsshouldarticulate which stakeholders should be considere@¢onducting
analyses to identify indirect impacts of alternative grid modernizatilated decisions.
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BEXAMPLE: While a state utility commission may consider impacts to ratepayers ang
utilities to be of highest importance, it is primarily only concerned with impacttsto
own ratepayers and utilitiesalthougha policy or rate decisiomaycreate impacts that
propagate into neighboring states or interconnected competitive markets.

1 Think broadly about wich stakeholders should be engaged and to what eXtaatisoften not
automatically or immediately obviodiom lists of interested parties, interest groupterveners
etc It can be important to try @ddress thif'om multiple perspectives. Examples of questions to
ask include (also sdbeillustrative sidebar below

0 Which stakeholder groups are ed#rno achieve the specified goal?
A Early and later phases
A Kind of roled decisioamaking, implementation, maintenance, operation, oversight, other
form of affected party
o] Which stakeholder groups can impede or block the achievement of those goals?

Which stakeholders associated with different systems can affect the achievement of specified
goals?

o Other interconnected systems such as eydretommunications systems, water management
systems, transportation systemsgd so on
o Other regulations or guédines such as building codes, union ruées] so on

1 Consider who (or what perspectives) stakeholderandiafo not represent, and who is included
vs. excluded from participation either deliberately or inadvertently. Judgments about these issues
are congxtspecific, dependent on the scope, scale, and particulars of issues at hand. But, in
general, organizations are not monolithic. It can matter whether the individual(s) who are the
involved utility or industry stakeholders come from the contractinggal ldepartment vs. an
engineering or operations department. Similarly, the public and categories lig@vermmental
organizations or the business community are far from singular.

1 Map key stakeholder roles, responsibilities, requirements, and perlaassaf@uthority as they
relate to the specified engagement goal(s) and overall project goals. There may be statutory or
similar restrictions in what different stakeholders are or are not allondmithat are relevant
throughout the valuation process dadthe gridrelated decision at issue. This stakeholder
mapping is particularly important for decist@r actionoriented stakeholder engagement goals.
Examples include regulatory oversight, implementation, operation, and maintenance.

1 Note that technia or subject matter expertise may be sought throughout the valuation process.
These technical experts may or may not be stakeholders. And, particularly in controversial or
contentious situations, decisions about whahnical expertise is sought (andnfravhere) may
serveeitherto avoid or stencontroversy or to stir or amplify it.

Determine theRole(s)l dentified StakeholdersPlay

't is i mport antso trsdfidentiiedisthkgholders & thé stakehatder engagement
step, whiéherthat activityis a single event or a series of interactions that occur over time. Specifying the
role(s) that stakeholders will play may occur at the same time as one specifiesldéaleaigagement

goals and identifies which stakeholders to engage.

Stakeholders play many roles, ranging from passively receiving information to making decisions. From
the standpoints of such matters as building or maintaining trust, clear communicadieffeative
interaction, it is important that involved partig@gve comparablexpectations for the engagement.
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1 Atrticulate role(s) for stakeholdésinformation recipients, information providers, decision
makersand so on.

o Consider the amount of time k&holders may need to invest
o Consider how stakeholders may benefit or what risks they may incur as a result of their
engagement

1 Expect variation in responses, opinioasd so onPlan for how to deal with that variation,
especially when there are sulgtally different priorities or competing or conflicting objectives

or opinions.

0 Is consensus a goal of this stakeholder engagement? Is it necessary or desirable to reconcile
di fferences? I f so, how? Opti ons negotiatbnyde maj
and others.

o If stakeholder roles are consultative, is there a process for getting stakeholder feedback on
(provisional) decisions made that are based on earlier stakeholder input?

o If stakeholder roles include decision making, do those stédketsohold formal decision
making authority and/or have other fiduciary responsibility? If not, who does? And, what are
the limits to stakeholder decision making?

9 Ifagoalisto obtain buin through the stakeholder engagement process, cotisélfailowing:

0 Whose buyin is essential? Consider stakeholders within and outside any particular
organization or entity.

0 Why is the goal important or essential from their perspective(s)?

o What are the stakehol der sd mesadds (
responsibilities)? How do those ne
or buyin?

Determine theM ode(s) ofEngagement

Valuationrelated stakeholder engagement likely will consist of multiple modes of engagement, so this

activity focuses on how to construct that portfolio. There are nearly unlimited forms of engagaeent

to-face, print, online, social mediactive or passive; broadcast or more narrowly castpfineepeated

(e.g., newsletters, tweets), or continu{egy., through panels or committeea)d so onEach option has

pluses and minuses in terms of financialcasts di vi dual s & textemsivemessamdonv eni e n
representativenesand degree to which it captures the desired degree of attentionria @nirformation

overload Makinginformationavailable either passively (e.g., on web sites) or actively (e.g., email or

other notifications)does noersure attention to or understanding of that information. Nor dessiire

stakeholder involvemenmtr responsiveness.

Valuation analysts should consider a number of items as they develop their portfolio of stakeholder
engagement modes, including the following:

1 Ensurethe modes of engagement are aligned with engagement goals.

o The forms of engagementdertaken should be pragmatic for the stakeholiderdved

o Engagement likely will take multiple forms, ideally forms that reinforce one another and their
collective ability to help achieve stakeholder engagement goals.

o While there may be no single perféorm of engagement, some forms of engagement are ill
suited for particular kinds of goals. For instance

T Creating a website may serve as a passive repository for updated information, but
websites ardl -suited for forging or nurturing relationships ardt among stakeholders
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T Online surveys technically are easy to produce and a relatively inexpensive way to reach
many people scattered over space. But they can be plagued by low response rates
(perhaps skewed by the typdsandareilsuitadddarvi dual s
teasing out how positions may change in different circumstances or as a result-of trade
off discussions

T Faceto-face workshops or discussions may be excellent for obtaining group feedback
and nurturing relationships. But they yraot represent what organizations/individuals
can or wil/l do, because of who is/isnot par
dominated by particular personalities.

1 Ensurehe modes of engagement mesh with the schedule for the overall target.activity

o Engagement takes time, especially active,fadace engagemedittime for planning,
execution, and analysis

0 To the extent that results of stakeholder engagement feed into the particular steps or decision
juncturesensurehe timing is appropriate. Aobvious example is that stakeholder input on
design criteria needs to get to the designers before designs largely are set.

This particular example is orre whichiterative and interactive stakeholder engagement may

be warranted. Designers may make inecriassumptions about what stakeholders want or

need, so early stakeholder input can help avoid problems. Similarly, there may be technical or
regulatory constraints that prevent designers from using/achieving certain design criteria that
are important tixey stakeholders. Interactions with stakeholders may help to identify other
alternatives that are technically sound, comply with rules and regulaiwhs)eet

stakeholder needs.

1 Consider providing alternative means for eliciting informatiofeedback, such as providing
opportunities for written comment§his strategy also can serve as a way to include
stakeholders who want to be involved but were not invited to participate

Conduct the Stakeholder Engagement

Stakeholder engagement may takeeplaeveral times, in many ways, over the course of the evaluation
study. It is important to check regularly tha} the original stakeholder engagement goals remain in
effect and 2) the process has ndtiftedto some other implicit goal that might regpidifferent

stakeholders or engagement methods. An example of the latter is a stakeholder engsHfyrhtkat

begins by seeking to obtain informational input from varied stakeholthersdrifts over timetcoward

seeking information about likely staka@ter decision making. Relevant stakeholders may vary between
goals (though there could be overlap), as might the forms and substance of engagement. Analyses of
stakeholder input may achiemeitherthe original stakeholder engagement goal nor the implingtated
goal.

1 Reuvisit and, as necessary, refine stakeholder engagement goal(s), atdeastdihe goals
are specific and relevant tioe valuation step othegrid modernization decisiemaking
phaseMaodify thelist of relevant stakeholders andgagement methods accordingly

1 Gauge the extent to which the engagement process is on traahieéee the specified
goal(sp interim evaluationMake refinements, as appropriate

1 Document the substance of the engagemeitésp records of what stakeholdsesy, in
their words as much as possible

1 Note where there are disagreements, alternative perspeatieso on.
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1 It may beneithernecessary nor appropriate to identify stakeholders by name or organization
name

0 Separate thpidgement of thanalysts (those conducting the stakeholder engagement) from
the stakeholder perspectives. Description of what stakeholders say is different from analysis
of or judgments about what they say

o Distinguish, as necessary, documentation thiatémnded for internaio-valuation (or to grid
decisionmaking)processes versus documentation that is intended to be a part of the public
record.

An important issue to address is who congemedirects the stakeholder engagement sessigtJC

may lackthe capacity or inclination to supervise a stakeholder process #oinclined, the agency may

be ill-equipped with the skills to lead a stakeholder procasda facilitator can be useful but expensive.
Also, a stakeholder process can birisom an objective technical advisor who can insert important ideas
and facts into the process to guide it in a productive way.

Analyze theResultsand Continue to Refine

The nature of these analyses will vary according to the stakeholder engagerteingdgses can range
from relatively informal descriptive characterizations to formalized, possibly quantitative
characterizationef what stakeholders say. As each step in the process is taken, it is important to gauge
the success of stakeholder engagetand, as appropriate, refine, articulate new goals, and re
start/continue the stakeholder engagement process.

AppendixE includessometemplatesand achecklistsandguidance that may be useful for this initial
stakeholder engagement.

Step 3 Deliverable
1 An initial stakeholder engagement plan that includes
o0 the goals and objectives of stakeholder engagement
0 adescription of the identified relevant stakeholders
o0 identified modes of engagement
1 Records of the stakeholder engagemiactuding what stakehdkers say, in their words as much
as possible.

Documentation of the Define Scope and Goal Phase

At this point, the process shoutthke sur@locumentatiorns completed foPhase ADefine Scope and

Goal of the valuation process. Each of the stepsdisiverables that include documentation of their
respective steps. The appendices associated with the steps provide checklists or templates to assist in the
development of the documentation.

32 PhaseFrBaméhe¢al uati on Criteri a

The nexttwo stepsframetherequired informatiorfi.e., metricsnhecessary to characterize and evaluate
alternatives, decision criteria for the studgd the approach to integrate or consolidate the metrics to
portray the valuation of each alternative. (Note that value is aftermplex concept and may not be
reducible to a single number or a quantitative tradesétionship between metrics.)

Step 4: Identify Relevant Impacts and Metrics

Thediscussion of thereviousphasewasprimarily based on documenting the context and identifying the
alternatives to be examined in the valuation st&p4 further defines the study by identifying what
impacts will be used to value each of the alternatives definStepR, and the assated metrics that
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will be used to quantify those impacts. These potentially disparate metrics will subsequently be
aggregated or synthesized into a meaningful whole.

When beginning the process of identifying what impacts will be characterized in a gluation study,
it is often useful to do a literature review of similar studigonsult with expert4o identify what
impacts have been used before. Once a set of commonly used impacts lesdedtedimpacts can
be added or removed from the saséd on the unique circumstances of the current valuation Stuely.
following arequestions to help a practitioner think about whetbadd or remove impacts:

1 Do you lack either the data or modeling capabilities necessary to quantify a given impact? If
you may have to exclude However, f the metric is importangou may still need taddresst,
perhaps as an uncertainty in Steénversely, do you have data about your system that may not
have been available to previous analysts that would emaiéglected impact to be studied?

1 Are the perspectives of the previous studies and your proposed study the same? For example, is
your study from the societal perspectigadprevious studies from the ratepayer perspective? If
S0, you may need to subttar add impacts depending on where the boundaries are being drawn.

1 Are there irrelevant impacts in previous studies? For example, a study done in New York State
may have an impact on costs of emission allowances that is a product of locahpdiicyuld
not be relevant to a study in a different state.

In determiningwhat impacts should be characterized in a particular valuation study, it may be helpful to
think of the system being studied. The alternatives being studied will presumably impaetyaofari

system propertiés they will change the state of the system. Generation types and locations may be
different, transmission or other asset topologies may change, demands may be higher orfddiener or
different patterns. Identifying all the systemoperties that may change as the result of an alternative may
help identify what impact categories should be included in the valuation study.

A GMLC Foundational Metrics project has developed a catalog of theanangy and power systein
relatedproperties and metrics that may be useful in this exercise. Each of the cataloged metrics relates to
an impact that could be considered in a valuation study. Only a subset of those impacts will be applicable
to a specific valuation effort, but the catalog may dpfokin identifying which ones to consider. For

some valuation efforts, industry guides may existraagtprovide useful referensde.g.,the Electric

Power Research Institdtes | nt e g Thare may alsé bd oth¢r npower system metrics, such as
economic indicators, that will influence the decision. These could require economic models to complete
the valuation analysis.

Ideally, all of the relevant system properties that could be affected by the alternatives being considered
should be identifiedrad, for each system property, one or more impacts that communicate the state of that
property should be selected. In practice, there is a long tail of increasingly negligible system properties
that will be affected, and it would be impractical to try tentify them all, let alone characterize them.

There is no generalizable rule about how small an impact can justifiably be considered negligible.

Certain exercises, such as soliciting stakeholder opinions, can help to identify which impacts should
ultimately be studiedFigure2 shows the results of such an exercise from the @é&ibuted

generatiod integratedralue(DG-1V) study, in whichstakeholders were asked watiate which types of

values were appropriate to include in the quantitative methodology. A survey was taken of each
stakeholder on the review team for their estimétd® applicability and quantifiability of various

potential values to be examindéhmmal strategies for eliciingt ak eh ol der sé opi ni ons
metrics should be quantifigdclude stakeholder surveys, polls, Delphi, review boards, or other

techniques.
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this analytic framework

Figure 2. Example of stakeholder perspectives orcomponents of TVAGs DGV calculation

methodology (TVA 201%)

Finally, as part of identifying which impacts will be studied, the units of measurement for describing the
impacts should also be specified. For example, one of the impactecikid to invest in new

distribution would be a change in reliability compavéth the statusquo without the investment. One

way to measure the change in reliability is a metric likeSysem Average Interruption Duration Index
(SAIDI), which indicats the average duration of outage experienced per customer served by the utility.
The change in SAIDI with and without the distribution investment would measure the whplaet

decision orreliability. Each impact will need a corresponding metric (or ipl@itmetrics).

Stakeholder Considerations

In Step4, stakeholders primarily help td)(articulate the impacts associated with the grid modernization
issue in question that are most relevant to them Znektablish priorities among the multiple impacts
identified that will become the focus of the valuation analySekeholders primarily help to identify
which subset of impacts, of all the potential impacts identified, on which the valwetidacus. This

subset of impacts will be quantified througje tvaluation process.

Key Potential Challenges

As in Stepsl and2, two major challenges associated witiep4 are toensurethat there ee clear

expectatios among all involvedegardingwhat role stakeholders will play in maki&gep4 decisions

and how disagreements will be resolved. It would not be surprising for stakeholders to suggest more
impacts andwhich impactawill count in the valuation analysesd to disagree about whichpacts

matter most. There are multiple ways to make these decisions. Each approach has advantages and
disadvantages. As one example, it may be helpful to establish a priori or in consultation with involved
stakeholderghe decisioamaking criteria, perhapseparated into categories such as required and desired.
But these decisions can suffer from the same potential problems as discussed for Steps 1 and 2. Another
option is for the valuation analysts to select a workabteof impacts on which to foc(fsom the

standpoint of the valuation analysiBpcumenting the reasons for choosing to focus on a subset of

metrics is essential; f the anal ystso6é rati
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if stakeholders expected to have mofa gay in determining which impacts on which to focus, this
approach can become a point of contention that undermines trust between valuation analysts and
stakeholders.

Another example of an approach to use is to survey stakeholders about their peispsdtustratedin

Figure22 Thi s approach has the advantage of tapping pal
comparable way. Howevesurveys may not identify all of the impacts or metrics that stakeholders would
suggest on their own and may not di sthigheggui sh amon
priority may be nearly as important as the highest priority or not at atirtanit). And survey data do not
automatically determine how subsequent choices should be mgdenpst responses, average

responses).

The generic stakeholder engagement guide suggests the importance of identifying metrics when
articulating goals. Frorthis standpoint, valuation analysis impacts should be identified initially during
Stepl and refined durin®tep4. Regardless, the impacts and metrics identified di8teg4 may call

into question the choices made in association with epsl3 and prompt their refinement.

There aremultiple possible ways in which to elicit input from stakeholders about which impacts to

guantify through the valuation procésstakeholder sweys, polls, Delphi, review boards, or other

techniques. These illustrative techniques are differently suited for resolving disagreements among
stakeholders. For example, traditional Delphi methods often seek consensus among the participating
expertsandreview boards can be charged with producing a consensus. In contrast, surveys and polls are

not oriented toward achieving consensus. Analysts select options for how to represent and use findings,
such as averaging responsesiomesufveyns A3whdreeée nf3d
response or from roughly equal fl6 and A50 answer
the votes are split across those options, the option getting the most votes still may be unacceptable to most

of the respondents.

Al t hough, as stated earlier, fAgreater emphasis sh
of highest priority to the decision maker, 0 doing
not a singular decisionaker. Some grid modernization decision making requires gggraecisions by

multiple parties, perhaps with the additional need for approval by a public service commission. These

multiple decision makers may identify a number of different higpgstity impacts that, collectively,

the valuation analyses may not be able to accommbeéataise obudgetary constraints or other reasons.

Thus, additional potential challenges are to identify the set ofgrighity impacts for key decision

makes and choose tich of those impacts to includather tharexclude in the valuation analysis.

Additional Resources

AppendixF includes checklistsef potential metrics by categotigat may be useful for accomplishing
Step4. It is drawn from work performed bkie¢ Foundonal GMLC project on MetricAndersonet al.
2017), whichhas developed tables of potential properties and metrics for each of the major properties of
valuation.Many of these may be inapplicable to the purpose of the ;ghelgvaluation team may sele
a subset of relevant metrics.
Step4 Deliverable
1 The key set of impacts and metrics with the units of measurement to be used
1 Alist of nonquantifiable impacts that may be considered by the decision maker

1 Alist and justification for thosampacts that have been identified but will not be considered
during the valuation
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Step 5: Determine Multi-Criteria Integration Approach

At this point the process will have generated a list of alternatives to study and a list of metrics to quantify
the state of key system properties under those alternatives. Each of the system properties will be
characterized by metrics that may differ frome amther.For a valuation effort to be useful, it must
ultimately present these potentially disparate metrics in a way that can be undd&estoodpared

against the results of other studies, and facilitate subsequent deciiong.

It is useful to decide hovheé results will béntegrated andommunicated at this point, as that choice may
influence subsequent decisions. Additionally, a decision about how to communicate the results may
prompt rethinkingvhich metricsare a priority oshould be quantified. Foxample, it may be practical to
downplaya system property that is nouantifiableif the valuation effort is to inform an action that can
only handlequantifiable (e.g., monetizablegsults.Two possible approaches are described below:

Integration Approach 1: List of Impacts for Each Alternative in a Table or Graphic

In manysituations, it may bsufficientfor a valuation effort to simply state testimatedmpactsof all

key impactmetrics for each alternative, without seeking to aggregate them sinigla valueThis
approactmay be appropriatié, for example the valuation is meant to support a decisigmecision
makerswho are not formally part of the valuation process. For example, a legislature may request a
valuation study of a particular policy intervention that would have monetary, health, and equity impacts.
Althoughit is technically possible to monetize the intenventimpacts or use decisi@eience to produce

a singlemetric result, itmight be preferable to simply present the legislative body with the impact in each
area and let determire how to interpreand weighthe disparate metricasingits own methodolgies.

Metrics for different impacts will likely have different units (edpllars,jobs, land use)n which case,
metricscould be listed with their associated unsme metrics magoncern whethea certainconstraint

is met, in which casthe valuef or t hat met r Inotheicasesfityeeactual quantity may de .
di fficult to express, s o f qor fAcnheddriicutrnyd A tThhep rvea lau ee
ways to characterize and describe impacts without strict quantificitieimpacts can be communicated

in a table or graphic.

Table3 gives avery simple example of different impacts that may be generated for thneathites. The
table simply lists the impacts and their metrlosrigure3, a spider diagram presents the quantitative
impacts. While it shows the relative standing of the different alternatives for each impact, the impacts
shouldnot be crosscomparedRatherthe dagramservesonly to assist stakeholders in visually

identifying the relative impacts of each alternative in a compact form.

Table 3. Example of impacts from different alternatives

Alt. A Alt. B Alt. C
Cost (M$) 20 15 10
Profits (%) 12 11 10
Emissions ton) 20 15 10
Land (cres) 200 100 300
elosses (%) 3 2 3
Jobs (x) 200 500 400
Vistaimpact low high med
Technology new exist mature
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Impacts

e Al A At. B At. C
Cog (M9)

Jobs (X) i Profits (%9
K Losses Emissions
(CZ) (MTon)
Land
(Acres)

Figure 3. Graphing of quantitative factors from example

Thepresentation format dfigure3 could also be used to present multiple metrics that have the same
measurement units. For example, air pollutant emis$ionsdifferent alternatives may include CO, $O
NOx, hydrocarbons, particulates, and heavy metdlese may be expressediicrogramsper cubic
meter(pg/me), parts per millionor parts per billionThe spider diagram ¢igure 2 could show thessix
guantities and indicate the maximum allowable levels of each (as set by federal or state government
regulations)Figure4 givesan example of adifferent way to visualize multiple valuds 2011 theEIPC
modeledB different alternatives (futures) under a variety of sensitivibeaingmore thar87 scenarios
(EIPC 2011) Many impacts wre quantified in the analysasnd tables were generateggenting tbse
values. However, the quantity of datauld notbe easilyexamined in a single table. One method of
communicating results was to pair different impacts iXXax graph for all 87 scenarios. This brought
outaclustering of results that creal insights into the overall result. It assistethimselection of three
alternatives to be further analyzed in later stages of the transmission study.
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Figure 4. Cross comparison of two impact metrics from the EIPGransmissionstudy. (EIPC 2011)

In cases where there are a large number of metrics and/or cases, tables can be enhanced by the use of heat
maps,in whichcellsinat abl e are col ored based on kteHPCal terna
transmissiorstudy, there werenore thar81 key metrics, with some furthdisaggregatedy regions or

technologiesln Table4, 4 of the key metrics from 28 of the scenarios aredy@representing all of the

cases fron? of the8 futures) are showrtach metric is coloregothat the lowest value of all cases is

dark redthehighest valués dark blue andthe averagés yellow. Thisapproactallows a reader to

rapidly identify the trends and outliers. Relationships between different metribe ceadily discerned.

In cases where the valuation is meant to support a decision that is primarily motivated by the desire for
economic efficiency, and alnpacts can be valued monetarily, standard-besefit analysis (CBA) can

be used to summari ze each alternativeds i mpacts i
benefits. Monetization of all impacts provides a single unit that earsed to combine all impadts

typically dollars discounted back to a reference year. Monetization indicates which of the alternatives will
result in the greatest overall welfare. It does not, however, capture distribution of benefits among the
affected stkeholders. Traditional CBA approaches incldid@ncial CBA, in which only impacts with

direct market values are considered, andal CBA, wherein economic valuation techniques can be used

to monetize nonmarket impacts. Examples of the latter includsttigl cost of carbon (which places a

dollar value on presettlay greenhouse gas emissions) and value of statistical life techniques used to
monetize the impacts of power system externalities on human health.
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Table 4. Heat map talde of some of the metrics from thé&EIPC transmissionstudy. (EIPC 2011)

Policy drivers/goals 2030max 2030max 2030 El El 2015
inter-region all-hour total 2030 CQ
flow during inter-region transferred emissions

peak flow energy
(GW) (GW) (TWh) (MMT)

Final BAU

BAU with Hardened Limits

BAU, High Load Growth

BAU, Low Load Growth

BAU, High Gas Prices

BAU, Extra High Gas Prices

BAU, Extra Low Renewable Resources Cost
BAU, Increased EE/DR and RPS Requirements
BAU, Higher PHEV

BAU, Decreased Renewable Resources Cost
BAU Delayed EPA Regulations (+20 years)
BAU, Reduced EE/DR and RPS Requirements
BAU, Lessgyressive EPA Regulations (+5 year
BAU, PTC/ITC Expire and RPS Removed
BAUPTC/ITC Expire, RPS Removed, High Log

26,031
26,012

23,193

25,488
25,235
26,151
25,901

National Carbon Constraint 542
National Carbon, Soft Constraint, 75% Overloa 886
National Carbon, Soft Tran25% Overload

National Carbon with Reduced Friction Charge 141 180 905
National Carbon with High Load Growth 129 179 793
National Carbon with Low Load Growth 118 165 770
National Carbon with Extra High Gas Prices 127 171 932
National Carbon with Low Gas Prices 117 168 760
National Carbon with Flat Carbon Price post 20 138 180 863
National Carbon with Lower Carbon Costs 133 182 798
National Carbon with Extra Low Renewable Co| 127 177 913
National Carbon Base with Hardened Tx Limits 139 175 853
National Carbon with Increased Variable Limits 136 179 872

BAU = business as usual

Integration Approach 2: Monetization in a CostBenefit AnalysisFramework

The preceding paragraph describes a situatiovhiche ach al t ernati vesd costs an
and monetized as part of a valuation, with the objective of providing a net benefit or taiteifs. In

some situations, it may be more appropriate to pe
perspectivein whichcertain impacts are excluded because they would not be borne by that stakeholder.

For example, a valuef-solar study mageek to quantifpnly the net benefit that distributed solar

provides to the grid, without including the cost of installing a system. This makes sense if the valuation is
meant to inform a decision about how to compensate distributed solar, where tlod g@dtg the

investment are borne by solar adopters and may not be material to the decision Andidred.example

is an independent power producer who may be most concerned with the financial profitability of a

project, while the grid owner as a sthk&ler would be more concerned with the impact of the project on

the grid.
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If the valuation is meant to support decisions where the distribution of benefits is also of concern, then the
single monetized values of each alternative may be supplementeabiditional information that shows

the benefits obtained by syopulations. This may be most useful if there are opportunities to control
contributions to costs (or other transfers of wealth) by thos@apblations when an alternative is
implemented. Foe x ampl e, a wutilityds valwuation of a microg
ratepayers, which may guide decisions about how varioup@nations would contribute to the
projectdos costs

Whenonly somémpacts can be monetized, an altéin@is to use techniquesich asnulti-attribute

decision making that helps develop weighting for the different impacts. There are multiple approaches to
generang these weighting factors, from soliciting input from stakeholders to more quantitativedseth

that transform impacts recorded in disparate units into a single measure of stakeholder utility.

While such methods may lead to different residiglifferent stakeholders, the reasons for the differences
can be made more transparent and subjeadotiation. Different technologies will have strengths or
weaknesses in different metrics, and different stakeholders will place different weights on the different
metrics.Note that, even in cases where disparate impacts are aggregated into a singlé reatbiest
practice to document the individual impacts and make information availadahgdoeinterpreting the

results of the valuation study

The integration of the different metrics should not inadvertently overweight or doalnte certain

impacts oveothers For example, if cost impacts are included through multiple metrics (price, total cost,
cost per kWh) that are tied to one or two key inputs (fuel pcigital cogtbut other impacts

(environment, security, resilience) are only meastheasligh a few metrics @reneglected, then cost

may inadvertently become the main driver of a decision. Similarly, overweighting environmental or
reliability impacts may bias the overall value to their metrics. Deablsting can sometimes occur by
apgying a savings as both an increase in benefitsaanduction in costs. The relative weighting of

impacts is often where key disagreements in value occur, so due deliberation is needed on how results
will be integrated andeported

Stakeholder Considerations

Because stakeholders often have competing dbgscte.g., lowest energy cost versus lowest

environmental impacts), the tradéf's among metrics may be the most contentious issues in policy

debates. Whiletakeholders may play limited or miirectroles in shapingtep5, analystanust

incorporate (oanticipate) stakeholder inpimt determiring which integration approach to ugehus,

while stakeholders wilfeceiveinformation from analysts desciilg which approaclis being takemnd

the reasons for that choideis prudent fowvaluation analystt® engagehose stakeholders who also are

key decision maken® ensurdhat the integration approach selected actually meets these decision
makersd needs. Additional |l y,ersarettatlagpsodackesthatweigitd e n g a

6 Allocation of costs and benefits is a policy decision often made in conjunction with the selection of alternatives.

For example, energy efficiency measures may reduce theforeselv generation; generators are included in a
utilityds rate base, but energy efficiency investments
has been selected, PUCs usually determine how to allocate the costs and benefitedssititithe increased value

through tariff design and conditions on rate base inclusion.

"Even when all metrics are monetized, tohimtegraton s often a
Approach 1. For example, stakeholders may disagreewricheet the social cost of carbon. While the overall value

can be monetized, presenting the individual metrics enables examination of how overall value is sensitive to
assumptions about quantifying the social cost of carbon or other externalities.
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attributesac or di ng to stakehol der per spec(@ndpotergiallex cur at el
i nt er werspectives@bout what the weights should be.

Step5 Deliverable

An analysis requirements document identifying and prioritizing the metrics ®elefar decision
making and stating the multriteria integration approachrhis must includexplicit documentation of
howimpacts will beintegratednto valuesand presentetb inform decisiormakersandto objectively
inform policy debates witmtervening or competing stakeholddfsmeasurement units will be
transformed into other units to support decisimaking(e.g, monetization approaches, utility functions)
the transformation methodsiould also be noted ftine valuation process to bansparen

Documentation of the Valuation Criteria Phase

At this point, the process shoutthke surelocumentatiotis completedor the valuationcriteria phase of
the valuation process. Each of the steps distiverables that include documentatiorttedir respective
steps. The appendices associated with the steps provide checklists or templates to assist in the
development of the documentatidhwould be worthwhile for the decision maker and analysis team to
reviewwhetherthe information fronSteps 4 and Secessitate an iteratiéa update or modifyhe stated
purposealternativesconsideredor list of stakeholdesom thepreviousphase

33 PhaseDeG:i gn the Anal ysi s

Thethreesteps in thiphaseconstruct the study, including thheethodstools, assumptiongand input
data to be used. This includes determining the methoctsnsideing uncertainty in the analysis and
consolidated impacts from the different alternatives.

Step 6: Determine Approach to Address Uncertainty

Context

Valuation can be more art than sciergigen the various techniques available to calculate the value of

new technology. Recall from previous sections that a valuation is essentially the process of estimating a
fi pr i ¢he marketmplace. Valuation estimates are affected by a range of uncertainties. Uncertainty
exists with regard to the current state of the world, resource availability and prices, the imperfect ability to
measure impacts of alternatives, imperfect tdatsk of information or data, and selection of inputs.
Uncertainty is a real and universal occurrence in valuation. It is not an insurmountable dmeterces

of uncertainty are rational and can be identified. Identification and description of umyesiapart of a
valuation process strengtteghe transparency and credibility of the valuation outcome.

Documentation of Uncertainty

Documenting uncertainties can aid in priofitzuncertainties, identing strategies to manage

uncertainty, and incre@ng the transparency of valuatidrhe DoD Risk Management Guide for DoD

Acquisition sixth edition, provides a disciplined environment for proactive decision making to identify

and mitigate risks. Taking the appropriate parts of the DoD approach (andsui ut i ng fAuncert a
A r i s k dhe folpwing eesults:

1. Identify uncertainties (what is uncertain and what is uncertain about it)
2. Assess uncertainties

A. Magnitude of uncertainty
B. Impact of uncertainty on evaluation metrics and conclusion
C. Impact ofuncertainty on valuation conclusion
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3. Select uncertainty mitigation methods

This analysiscan be summarized imancertaintyrisk managementable(Table5).

Table 5. Uncertainty risk managementtable.

Uncertainty

Type of
uncertainty

Magnitude of
uncertainty

Impact of
uncertainty

Method(s) to
address
uncertainty

Comments/
reasoning

(low/ med/ high)

Each uncertaintidentified in the valuation proceésachrow in the summary table) would be explained
in detail in text, including the choices maegarding how tanodel or otherwise addref®e uncertainty

This approach results in a clear enumeration of identiffexértainties and a uniform format to deserib
how the uncertainty was assessed and addréBdeee t abl e, particul arly
uncertaintyd al so provides a clear way to map key
the results of the analysis.

t he «co«
metri

Prioritization of Resources to Reduce or Manage Uncertainty

The uncertainty table summarizes the various sources of uncertainty, the magnitude of the uncertainty,
and the impact of the uncertaintyncertainties that are large and impactful deserve prioritization in the
analysisResources available to conduct the analysis catidmaged to reduethe magnitude of the
uncertainty (i.e., getting better data) or to identify tools to incorporate the uncertainty into the analysis.
Strategies for managing uncertainty will Bddressed in the following section. Here discuss strategies

for reducing the magnitude of the uncertainty.

In some casesincertainty in parameters can be reduced throluglise ofmproved dataThe cost of
improving data should be companeith the costs of managing the uncertainty in the anal@xis
example of uncertain data that can be addressed thamagiringimproved data is when analysts have
data from studies conducted in another region, but conditions are not exactly the same iarttué reg
interest.n this caseanalysts could recreate the study for the local redidat studies, for example, can
be executed to develop better estimates for the local region.

Another strategy for improving data is expert elicitatiBrpertelicitations yield a collection of informed
projections of parameters whose mean value can be more accurate than a single pBrqrester.
elicitations also yield information about the degree of agreement or disagreement betweenahiplrts
can also bdelpful in chaacterizing the remaining uncertainty that needs to be managed through the
analysis.

Strategies for Managing Uncertainty in Analysis

Planners in the electricity sector regularly need to manage uncertagayparing optionsCommon
techngues for managing uncertainty include sensitivity analysis, scenario analysis, and probabilistic
analysig(Hirst and Schweitzer 198Wilkersonet al.2014 Kahrl et al.2016).Descriptions of those
techniques in the context BRP are provided irfTable6.
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Table 6. Techniques to manage uncertainty in valuation (adapted from Wilkerson et a014).

Technique Description

Sensitivity analysis Key factors of candidate resource plans and portfolios are varied to see how they
respond to these variations

Scenarioanalysis Alternative visions of the future are developed, appropriate combinations of resot
are identified that best fit each future, and the best options are combined into a u
plan

Probabilistic analysis  Probabilities are assigned to different valaékey uncertain variables (possibly
identified through sensitivity analysis). Outcomes are identified that are associate
with different values of the key factors in combinatiBesults often include the
expected outcome and probability distributiontfuwse key factors (e.g., natural gas
price)

There are two dimensions of uncertainty to consider in valuaiath. are challenges in valuation, but the
strategies for managing the uncertainty can be different between the two. The first is that astiecates

in modeling may be systematically different from the true value (i.e., biased) This bias can occur for a
variety of reasonsncluding modeling errors, data or assumptions that might have been accurate at one
time but are now outdated, or aspects thlhbutside of the scope of the analydibe second is that data
may be imprecise or random: parameters may change signifidaatijng to different values being
observed depending on whameasurement occutSor example, a 100 MW generator withoacked

outage rate of 5% will have an availability of 0 MW or 100 MW dependimghen its availability is
measured, eventhetrue expected value of its availability is 95 MW.

Managing systematic bias

Inputs to valuation studies can have bias simplabse the cost of improving estimates is too high to
justify theresources needed to maximize accurétyhis case, the primary strategy to mantnge

uncertainty is determining if the decisions are robust to a plausible range of uncertain parahisters.
robustness analysis can be done through sensitivity anatysibichthe effect of varying one uncertain
parameter at a time is analyzed, or scenario anaiysi)ichthe effect of multiple parameters moving in
conjunction with one another is analgz&achis described in greater detail the following paragraphs
Demonstrating that the relative attractiveness of alternatives is robust to reasonable ranges of uncertain
parameters acknowledges the uncertainty, while at the same time providing ¢batftivé results of the
analysis are not dependent on the particular assumptions or data used in the @&helgsisverse can

also be true, howeveif the robustness analysis finds that the relative attractiveness of alternatives
changes when parameteare varied within a plausible rangigen more resources may be required to
reduce uncertainty before making a decision. In practice, the extent to which uncertainties can be
explored in a robustness analysis is dependent upon available resources. Decision makers and analysts
should prioritze those uncertainti¢gatare likely to materially influencthose impacts and metriasf

great concern tthem orto stakeholders.

The following are d@irther deta# regardingsensitivity analysis and scenario planning technigques

1 Sensitivity analysigs the practice of adjusting a single input to a model to characterize how
sensitive the various results are to that particular input. Typically, an analyst would explore both
positive and negative adjustments for all the inpitese valuaincertainty issxpectedto have a
norttrivial impact on the valuation results. Sensitivity analysis is used to evaluate the robustness
of the quantified valués and ultimately the relative comparison between alternatiaeminsia
range of values for one or more key partarg An example might include exploring the
sensitivity of capacity expansion simulations to a range of input costs for a technology (e.qg.
varying the cost of solar or wind resource), or fossil fuel prithis is useful because the
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distribution represdaing the uncertainty of many of these parameteuwsksiown ands arguably
unknowabldan many cases.

9 Scenario planningnvolves constructing multiple combinations of input parameters and
assumptions (fAscenari oso0) bdifferent gdtes of the woltde s en s i
The line between sensitivity analysis and scenario planning is not necessarily bright. Instead,
where sensitivity analyses generally explore the influence of a range of parameter values,
scenario planning contains an elemeistorytelling, focusing on constructing a variety of
plausible future outcomes. Scenario planning is useful to bookend modeled outcomes by
exploring a range of futures. Stakeholder engagement in the scenario definition process is
important to explora full range of scenarios and ensure that practical concerns can be expressed
(as possible) in modeled outcomes.

Managing inherently random data

Even if the parameters are not biased, there is still the issue that soraeethapaecise or random.

Naturd gas prices, for example, cheboth biasedyseramight under or overforecast the mean value
over the next few years) and imprecise (natural gas prices vary considerably around their mean value
because ofarious constraints in the supply chain or dadhshocks). Imprecise or random data can be
managed through probabilistic analysis.

A common strategy for managing the uncertainty related to imprecision is to conduct analysis based on
expected valuesor example, even if we know that the natural gas price is likelgirgparound its

seasonal average value 13/MMBtu, expected value analysis would conduct the analysis with the
single expected value of the natural gas price for the nextEeaected value analysis ia aspecially
poweril tool when systems are linear.

When systems are nonlinear, however, there is no guarantee that the output of an analysis based only on
the expected value of inputsll be equivalent to the expected value accounting for the full distribution of
the imprecise input#\s an examplekigure5 illustrates a hypothetical distribution of natural gas prices
around an expected valuetb& natural gas pricealong with a total system cost that is eitherdineith

natural gas price (blue line) or nonlinear with natural gas price (redllinge case where the cost is

linear with the natural gas price, the expected value of the cost is equivalent whether the full distribution
of natural gas prices is dithcaccounted for in the calculation (blue squaoe)he cost is found by

simply evaluating the system cost at the expected value of the natural gas price (i.e., the intersection of
the gray dashed line and the blue line). In the case where the systamramlinear with natural gas

price, however, the expected value of the cossideringhe distribution of possible natural gas prices

(red dot) is not equivalent to the system cost based on the expected value of the natural gas price (point
where thegray dashed line intersects the red line).

In this particular example, the nonlinearity arises from the dispatch of natural gas plants changing in
response to changes in the price of naturallgttse price of natural gas is low, then more natural gas
plants will be dispatched for longer periods. When the natural gas price is high, on the other hand, the
natural gas plants will be dispatched as little as posdilile natural gas price varies randomly
throughout the analysis period, then estimativegdystem cost using only the expected value of the
natural gas price will not lead to the true expected value of the system cost.
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Figure 5. lllustration showing casewhere using expectedvalue ofinputs doesnot lead totrue
expectedvalue of outputs for nonlinear systems.

Whereas linear systems can manage imprecise data through expected value analysis, managing
uncertainty in cases with nonlinear systems and imprecise data requires evaluating the full distribution of
therandom datals many aspects of the power system exhibit randomness, many modeling tools have
the ability to estimate the true expected value of nonlinear systems through evaluation of the distribution
of the random dat&.echniques include running simutats over a full year or longer of hourly data

directly convolving the distributions of random parametersmore commonlyisingMonte Carlo

simulation.

In Monte Carlosimulation, random samples of input parameters are selected to generate hundreds to
thousands of different combinations. A large number of samples may be necessary to fully explore
uncertainty in a statistical wagostochastic methods may exceed the computational resources practically
available to an analysis team. These methods theessésomay introduce additional layers of

uncertainty in the methods used to model and sample input parameters. This is becdbs@patrand

hence the model output distributions may be inherently uncertain, and care must be taken that this method
does not provide the false illusion of having modeled uncertainty accurately.

Using Market Simulations for Economic Assessment of Transmission Upgrades: Application of the Californ
Approach

One of the five principles inthé@ NI Yy A YA aaAz2y LI FyyAy3 | LILINRI OK RS@S
uncertainty analysis ! YOSNI I Ayde O2YLX AOFIGSa S@Fftdz GA2y 27
including uncertainty around load growth, fuel costs, future gatien capacity, exercise of market power, and
availability of hydropower. Some of these risks and uncertainties are readily quantified, but others are not.

The transmission planning methodology calls for managing this uncertainty through scenariosamralysi
probabilistic analysidt recommend reporting analysis results based on expected conditions as well as on un
but plausible situations. The various measures are then reported individually to provide a fuller picture of the
advantages and disadutages of a proposal. (Awad et. al. 2010)
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Impact of Uncertainty on Selection of Methods and Tools

The selection of tools and methods for valuation analysis can depend on how uncertainty will be
addressed in the analysis. Most tools and methods lents#ives to easily conducting sensitivity
analysisGiven a plausible range of uncertain parameters, any model camuretoeevaluate the

sensitivity of the results to changes in one parameter at altheeonly barrier to conducting a sensitivity
anaypsis is the cost and resourcesjuiredto rerun the analysis with a different parametemany

parameters are uncertain, increasing the importance of conducting a sensitivity analysis, then the choice
of model should not be so complex or computatigrialirdensome that it preventsmerunning the

analysis multiple times during the sensitivity analySisnducing a scenario analysis, where multiple
parameters are changed at the same time, may require even more oé the analysis.

A situation withmany impactful parameters that are very uncertain also suggests a very complex and
dataintensive modeling approach or tools may not be justifiéith constraints on available resources,
time and money might be better spent on reducing the uncertaiky parameters rather than on
employing advanced modeling techniques.

For situationsn whichkey parameters are inherently random (but not necessarily biased), and the
relationship between the output of the model and the key paransatersinear, thertools should be
able to accommodate tinseries analysis or probabilistic methods, such as Monte Samldation.

Questions

9 Are there potential biases in the expected value of inputs?

If so, use sensitivity or scenario analysis to tiestobustness of outcomegainst glausible range of
estimates.

1 Are parameters in the analysis based on processes that are inherently random?

o If so, and the system is linear, used expectdde.

o If so, and the system is nonlinear (or the relationship between the inputs and outputs is not
directly known, e.g, a black box model), then use techniques like tbe@es analysis or
Monte Carlo analysis to calculate expected value.

Risk Preferences and Attractiveness of Alternatives

In many cases the uncertainty may ditienongalternatives, both in the potential for bias in estimates

and in variance in impacts due to inherently random proceBsesariability of impacts associated with
randaom processes is often referred taidsk.0 An alternative with more gd#red generation, for

example, might be exposed to more variability in costs due to the variance in natural gas prices. For many
decision makers, an alternative with the same expeeiee as other options but larger risk will be less
attractive than alternatives with lower rigkrisk-averse decision maker might even be more interested in

an alternative with a worse expected value, but lower Iniskases with significant uncert&yror risk, the

risk preferences of the decision makers should be included in thecniigitia decisiormaking process

in Step5, and the tools used in the analysis should be capable of quantifying the risk associated with each
alternative.

AppendixG includessometemplates, checklists, guidance and tools that may lfel iseaccomplishing
Step6, including an approadior documentindiow uncertainies are addressed

Stakeholder Considerations

The effect of uncertainty on valuation assessments tertas unrecognized or underappreciated. Often
the decisiommegardinghowto considemuncertainties is made implicitly, when analysts adopt traditional
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analysis approaches with their associated engineering and economics models. The resulting valuation may
have hidden biases or even inaccuracies when the effects of uncertainty on the specific metrics of interest
(Step 4) are not explicitly consideraifhen uncertainty is regarded as a minor technical detail,

stakeholders may play limited or mhirectrolesin shapingStep6, leaving it to theanalystdo determine

how to identify and treat the uncertainties associated with their analysesgaluationframework

requires the analysts to be delibeiataentifying uncertainties and evaluating methods tacedhe risk

of an inaccurate valuation due to unknowns in data, system structures, externabedesson

Involving stakeholders, or at least considering stakeholder perspectives, in executing and documenting
Step 6can increase the likelihood of @ptance of the valuation study results, especially when a scenario
based analysis is used.

Step6 Deliverable

91 Defined and documented approach to varying key drivers of uncertainty to produce a range of
value estimates for the given alternatives.

This effort shouldbe conductedas part of an initial study scope in conjunction with stakeholders and then
revisited after an initial iteration of results from model runs and application of decision criteria. Results
from initial iterations may demonstrate thattain value streams are more significant than others and
may deserve further scrutiny to understand their respdresad the resulting comparison between

option® to key (perhaps previously unconsidered) uncertainties.

Step 7: Select Valuation Methods and Tools
The results of the previoustiescribed activities include

Identifying the purpose of the valuation study

Specifying the scope of the valuation study in terms of geographic area, power sector

systems/equipment, and time frame of interest

1 Determining what information about system performance is required to comparatively evaluate
options

9 Prioritizing the performance or impaat metrics according to their importance in making a
valuation assessment

1 Determining how to address uncertaintigsarent in the valuation process

1
1

Step7 further develops the information flows of the valuation process and seleatetiheds andools

that will be employedThe potential tools (e.g., models) are selectethbiching the scope and
objectives of the vahtion studg as expressed ie dharacterizatiomf the study question and purpose
(Steps2 and 39 with the characteristics and outputs of candidaigs ormodels The methods (the
strategies for simulating the system) in large part come from the @agiaind processes that derive often
complex or customized impact metrics from the fundamental metrics that are provided by traditional
power system models and analyset®p4).

This section describes the inputs to the method and tool selst#jpspedfic analyses and choices to be
made, and the results or deliverables that are required to complete the valuation process.

How Other Process Steps Inform Step 7

Step 1: Define the Valuation Purpose

This stephas identified the key question(s) of the valuation study. In doing so, it has defined the scope of
the study in terms of power system components/subsystems, geographic area, and time frame of interest.
It may be helpful texpressome of the scope anafdormation requirements in tabular format. The

activity of Stepl begins toccharacterize the underlying valuation question or issue in order to determine
thetypes of analyses required (e.g., production cost, generation expansion, transient stability, revenue
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requirements, reliability analyses); the elements of the power system to be considered (e.g., bulk power,
distribution systems, end user); geographictirn(e.g., RTO region, utility service area, state boundary,
specific substation or feeder).

Step 2: Identify Alternatives to be Considered

This stephas furthespecified the scope of the stuldy defining the choices$n performing a valuation

study, ondocuses on thdifferencedetween alternatives, not on the overall performance of the power
system. For example, if a substat iboaméptatefatit|gp ds ar e
the alternatives might hae following

1 Installing addiional transformers in the substation (or replacing the existing transformers with
larger ones)

1 Installing a largébattery energy storaggstem in the substation (on the lawltage side of the
bus) or on a feeder

1 Installing a specific mix (or mixes) @ER (renewable energy, fosdileled generators, battery
energy storage, demand response systems, and/or thermal energy storage) in customer facilities
served by the substation and managing/dispatching them as a microgrid

For such a study, one would lookthe differences in lifecycle costs and expected reliability impacts of

the alternatives, including the allocation of costs (between utility and customers served by the substation)
in terms of revenue requirements and projected electric bills. It iy likelnecessary to use production

cost or generation expansion models to estimate overall bulk power costs and emissions.

Step3: Stakeholder Considerations

Stakeholders generally will not be involved in directly selecting valuation methods and toefs,iaxc

cases where there may be formalized requiremmegtrdingwhat kinds of analyses either are required or
arenot sanctioned by key grid modernization decision makers. Valuation analysts should consult with key
grid modernization decision makersawsurethe analytical methods pass musagd convey to all

involved stakeholderwhat methods will be used and véhyeliciting feedback and offering to address
guestions. However, stakeholder considerations are very significant in determining whichiatemidt

be considered and in selecting and prioritizing the impact and performance metrics that will be required to
do a valuation andhooseamong alternatives.

Step4: Identify Key Impact Metrics for Valuation
This stephas two major inputs to the saltton of methods and tools:

1 Basic metricsare identified In Step7, these will be compared with model outputs to identify
which models or other tools are candidates to provide thbmscope and outputs of an analysis
tool or model can also be summarized in a tabular formatodel characterizatiomlble (MCT)
listing the characteristics, capabiliti@nd outputs of a model can easily be comparedtivith
elements of thguestioncharacterization (from Step $ummarizinghescope of and information
(metrics) required for the valuation.

1 The derivation of composite or custom metrics from the basic metrics provides equations and
other methods to calculate the performance metusn which valuation decisions will be
basedfrom the basic metrics resumg from model simulation outputs.

1 Analysis methods and tools are not limited to power system models: the analyst team must decide
how to derive the key metridsoften very comple& from basic metrics (calculated by models)
and other information sources. Regional economic impacts of adopting an altérrsatbreas
ability to attract industry or create more jébsften require economic models and much-non
power systeilirelated data and sismptions.
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A major result ofStep7 will be specifying and documenting the information flows and analyses to be

used to obtain the performance metrics. Therefore, the calculation of the complex/custom impact metrics
from the basic (i.e., model outputs) tmes initially proposed irStep4 will be further developed and

expanded irbtep?7.

Since multiple tools and methods are candidates to quantify each impact, decision maker priorities are an
important first step in deciding how to allocate limited resaitoeconstructing an analysis. In an

abstract senséhe important considerations in making these choices are multidimensionabfimade

between simplicity and precision abdtweertransparency and complexity.

Step5: Determine MultiCriteria Integration Approach

Step5 explicitly deals with the tradeffs among impact metric$he relationship, e.g., between operating
cost and reliability and environmental impact.) This does not mean there has to be a quantitative
relationship among impacts. Fexample, in choosing between two alternatives with different cost and
reliability impacts, one cannot objectively equate the values of the two (e.g., X change in LOLP is worth
Y increase in electricity costs $/MWh). It is often sufficient to present gléaelresults of the

alternatives in terms of impact metriesd.,cost, reliability, emissions, land use) as a basis for discussion
and debate among stakeholders. The ratilieria integration may also include constraints as well as
tradeoffs among impact metrics. Such constraints and requirements may also be characterized as hard or
soft. e.g., a normal rating loading constraint can be soft but an emergency rating loading constraint is
hard.

The manner in which multiple criteria are viewed is influehlog the stakeholderS{ep3) and the
metric prioritization Step5).

As part of the specification of metho@tep7 will fully document the multicriteria integration
methodology.

Step6: Determine Approach to Handle Uncertainty

Step6 proposes how uncertainties will be handled. When a specific mathematical method (e.g., Monte
Carlo analysis, sensitivity studies) is recommendeday becomparedvith candidatenodek 6

capabilities to help selettie models or other tools best for thaluation study.

The methods recommendedStep6 selected will be finalized and fully documented as pa8tep?.

Step7 Scope

Previouslydescribedstepsdefine the question and the geographic and functional scope of the valuation
analysis. In so doinghey suggestertain types of models/tools (e.g., production cost, load forecast,
reliability calculation, revenue requirements). Also, the impact and performance metrics upon which to
base a decisioareidentified and prioritizepthe information flowsand the equations and/or analyses
needed to derive the key decision metrics from basic model outputs and systanediatamentedand
tradeoff analyses anthe presentation framework needed to integrate multiple performance metrics and
decision criterimreaddressed

In Step7, the information will be further refined to compare the requirements of the analysis with the
capabilities and characteristics of available tools and to continue to document the equations, information
flows, andmethods needed to produce decision metrics from model outputs and system data.

A way to facilitate matching study requirements with methods and tools is to capegstian

characterizationable (QCT)t o summari ze the st udagmesfinkeresbpe, al terr
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systems/sectors involved, and meftimsother information required to support a decision. A similarly
formatted MCT could summarize the scope, capabilitied outputs of candidate methods and tools for
calculating or estimating needaedormation.While it is not necessary to construct a QCT or MAding

so may help clarify what analysis methods should be considered and help match potential tools or models
with what metrics must be calculat&lich arMCT couldincludethe following

Modeltool type and purpose

Sector addressed.(.,grid, other energy systems, regional economy, environmental impacts)
Subsystem/sector/equipment included in the model

Geographic boundaries

Typical time frame for study

Time resolution for simulations

Inputs and assumptions

Model outputs

How uncertainty is handled

Model ownership and licensing requirements

E R

AppendixH gives some examples bbw models or tools could be characterizedatrMCT), denoting
model type, scope, purpose, inputs and outputsptrer characteristics. It is meant to be a reference to
assist the study team @onstructing aMCT using information compatibiefor comparison/matching
purposed with theinformation required for the study, as specified in Step 1

There is no one correselection of tools and methods for a valuation study. Indeed, the process of
developing a valuation methodology is more of an art than a science and requires specialized expertise, as
options range from highly detailed, largeale power simulation models to simplified spreadsheet

analysis based on engineering judgment and simplifying assumptid@tepn the study team, with

stakeholder input, must decide on the appropriate models, tools, analysis methods, decisioaruwliteria

so on. @nstraints on time, budget, available data, and personnel resources are major considerations in
balancing rigor with speed budget feasibility.

The final definition of methodology and selection of tawolsst considethe following

1 Thereis alarge variety of modeling tools available for the evaluation team to use. The level of
details needed, data available, computing power required, team familiarity with the model, ease
of use, acceptability in the wider community, and transparency ofsesel@ll factors that come
into play when deciding on the model or models to be used.

9 Different models will be used for different components of the valuation. The information flows
and methodalgy must include specifying hotw transfer data between mdslevhile ensuring
consistency.

Considering Scope and Granularity in Time, Geography, and Power System Complexity

Key decisions must be madegardingooth scope and granulariiScop@ refers to the extent of the

analysis; for timethis would be the period of time under study, from years to dedd@esgraphy

refersto whether the study area will be a portion of an electric system (single line, feeder, substation), the
ut i | i e gydtam, @& evénibeyond to neighboring regions or faftRewer system scopenay mean
whether to evaluate just the generation and transmission system, the distribution system, or both. Scope

8 The Metrics Catalog (developed byéific NorthwesiNationalLaboratory provides a comprehensive and
standardized list giower systefirelatedmetrics; by using this as the basis to catalog the information n¢iedbe
QCT) and compare with the informatioardidate models can provide (in the MCT), the requirements versus tool
capabilities have a common lexicon for comparison.
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can be extended to areas including upstream fuel and waigies, and/ordownstream waste streams.
Depending on the alternatives selecte8tep2, it may even include broader alternatives such as
alternate resources available to provide thews®services, such as natural gas, solar, or increased
energy efftiency.

fiGranularity refers to the level of detail within the project analysis. For example, temporal granularity
may be in steps of minutes, hours, weeks, months, years or longer, deperttimgmblem being

analyzed. For example, some laiegm moded may only evaluate results for evéryears, whereas more
recent studies of wind and solar integration have reduced the time resolution available from hours to
minutes. Geographic granularity includes whether modeling is done on a regiorraigisual,utility,
substation, feeder, or line segment basis. System granularity can expand from simply electricity to
multiple voltages, and even to mythase versus single phase analysis. Extended system scope extends
the question on fuel type to type of fuehtracts, emission typeand so on

The purpose of the valuation will greatly influence the level of scope and granularity. As scope and
granularity are increased, the difficulty in modelimgterms ofbothlabor and computational resources
increasegreatly. It is therefore important to carefully consider the purpose for the valuation and what
level of accuracy is needed, particularly given the uncertainty surrounding the inputs, while selecting the
extentof scope and granularity.

Other factors toansider are that the geographic scope may need to be broader than the jurisdictional
boundaries identified iBteps2 and 3depending on the impac¢&nd the adaptability of the system may
propagate impacts well beyond the life of the initial decisionheozons much beyond the present
(roughly 5 or more years3erious consideration must be giterthe methods used to determine future
system states. Particularly long titherizons can constrain the range of available tools for measuring
certain types of impacts. Long horizons also introduce considerations of realism and cascading
uncertainties. Hoever, economic discounting of future impacts will lessen the effect of far future
impacts on the overall results. The decision makers fimasa balance between the availability of tools
and resources and the required precision and accuracy of retgltsdeciding on the time horizon.

Step7 Deliverables

The primary result of this step ia analysis strategy document that includes a process diagram of the
modeling to be done, a list of the models to be used, the data requirements, and the outputs to be
presented(This could have similar detail toraquest foproposas concerning the modeling and

analysis) Thislisting and documentation of the chosen tools, models, and other methods for determining
the impacts to be considered in the analysis wik e form of a comprehensive information flow

specifying the methods and tools to be used to perform the valuation analysis. Components of this include

1 Methods and equations to calculate the metrics upon which the decision will be based (often
complex anccustomized for the specific valuation study) from basic metrics (i.e., model outputs)
and other data.

Data fl ows among models (i.e., how some model s
An MCT of selected model®ptional)

Documented mulicriteria integation methodology (howhe tools and methodologies selected
will address the integration approach selected in Step 5

A timeline d theanalysis andnodelingtasks taassist in project management of the study

The assumptions and input data required fipsett the abovéems(this is input toStep8).
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Step 8: Develop Assumptions and Input Data

The choice of assumptions¢baracterizeéhe state of the worldo be analyzewill have substantial
impacts on the guantitative results of the modaleztnativesThe assumptions made during a valuation
process can range from structdrad.g.,modeling of resource characteristics in an expansion
planning/IRP process, to behavi@at.g, whether a resource is supposebtig¢a price-takeror price-
maker.The impact of each assumption on the output of a valuation process is likely to be diffielient
sometimes known a priori. In other instances, the impact can be asselysater the valuation process
has been completed

Transparency on these selensof assumptions and input data sats crucial for the eventual
acceptance of the valuation; stakeholders will want to be able to examine the basis behind them and
potentially proffer alternate values.few general guidelines are providedthis sectn; andmore

detailed, domaiuspecific guidancés documented at the method level of detail in the Valuation Methods
and Tools Catalog.

1 The use of common, regularly maintained datsets can streamline the selection and
justification of baseline assumptiois for the modeled systemA variety of these exist for the
characterization of the bulk power system in lbagn planningtype modelsOne example is the
inputs to and outputs fromtlkigA6 s Nat i onal Ene (NEMS)(BAA009.i ng Syst
The outputsguch as scenarios of future electricity demand and fuel prices) from the core product
generated using NEM$ h e BEQAaesoften used as inputs to many other models. Common
transmission system topologiasd databases of inputs to operational modétots (e.g.
production cost modelsas well as some common future planning scenarios in ceegimnsof
the countryare available, although some have restrictions on use because of the sensitive security
or commercialnformation included

1 Understand the capabilities and limitations of each model to be considered for the analysis
Each model has a primary purpose for which it was Efsurethat the model represents
explicitly or implicitly the physical or market mechanism that you deaportant for the
analysis. Oftepanalyss find themselveén situatiorsin whichmodels may not address a certain
feature of a technologgopr oxy val ues from someboCagfulgl seds a
document threason for resorting to proxy vals and justify the validity and/or level of certainty
of a proxy value.

1 Many commercial modeling tools include regularly updatd baseline assumptionsHowever,
they may often need to be validated and refined for regpecific analysesand users of thse
tools should be aware of the provenance of the information (oftemy assumptions are derived
from other existing public datasets).

1 Consider soliciting input from stakeholders on modeling assumptiondMany may have
access to more detailed datts at local or sectoral level, and the process of engaging
stakeholders can serve a dual purpose of improving modeling credibility and generating
consensus and bti. This is a good point in the process of valuation to revisit whether the right
stakeholdersdwe been considered and are at the table for the analysis.

1 Ensureinternal consistency among all assumption$/ost often more than a single
assumption is made during the valuation process. For instance, using future natural gas prices
from one source and using load growth assumption from another source may lead to internal
inconsistencies. The analyst is advised to uset idgia from a consistent set of projections. For
instance, using the resultern the EIA/NEMS Reference Case foepresentationsf future fuel
price, growth, and technology choices would provide a consistent description of a future state of
energy and emomic systems for therited States
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1 Inall cases, assumptions should be mad@dstransparent as possibleTypically, transparency
is achievedy including detailed appendices documenting assumptions and/or references to
readily verifiable sourcedlore transparency is bett@rand the values of, and justification for,
key assumption§articularly those addresdin Step9) should be included prominently in any
presentation or discussion of modeling resitswever, care must be taken to protect certain
CEll or confidential data sources.

1 To the extent possibléhe analyst should identify and document the relative importance of
each assumptiorusing qualitative (or quantitative) metrjcaich(1) high, (2) medium, or(3)
low. The choice of assumptions ame tassociated input variables add risk and uncertainty to the
outcome of a valuation procesence, effod should be made to assess sensitivity, preferably
using quantitative metrics to assiterisks associated with the choice of assumptions

1 Review the set of assumptionsT he following are some questions that may be used to review the
set of assumptions:
o0 Isthe assumption valid? Is the rationale behind the assumption reasonable?

Doesthe assumptioduplicate or conflict with other assumptions?

Where will the impact of an assumption be most realized in the valuation process?

What are the key variables amtrics that reflect the impacts of assumptions?

Which stakeholders are likely to be most impacted by the choice of assumptions/

O 00O

Stakeholder Considerations

Because of their importance for theantitative results of the modeled alternatiwewmlysts shdd

ensurehat the assumptions they use in conducting the valuation analyses are accurate and robust. The
stakeholders involved in the valuation process to this point and subject matter experts can be invaluable in
articulating and vetting these assumpsioArguably, the stakeholders who may use the valuation

analyses as input to abasis for the grid modernization decision at issue must have full confiotetiee
assumptionso thatthe valuation resultaredeemedaccurate, realistic, and defensilitemaybe

challenging to come to uniform agreement on these maltigrshe analysts should work with

stakeholders to do so

Step8 Deliverable

1 Identification of all input or external data required in the information flow diagram for the study
produced a a result of Step 7.

9 Sources for the data identified, whether formal sources (e.g., NERC summer 2020 peak load case
for load flow model) othe basis for estimates of input data. (e.g., using high, meediorow
load forecasts as a sensitiviapalysismethod to address uncertainty in future loads, as decided in
Step 6.)

1 Assumptions inherent in the analysis. The analysis saomlddocument all the detalils related to
the assumptions, including any modifications to the set of assumptions made duviaigidtion
process.

Documentation of the Design Analysis Phase

At this point, theanalysts should make sutecumentation of thBesign Analysigphase of the valuation
processs completeEach of the steps Istleliverables that include documentation ofithespective
steps. The appendices associated with the steps provide checklists or templates to assist in the
development of the documentation. At this pointoild be worthwhile for the decision maker and
analysis team toeviewwhetherthe information from Steps 8 necessitassan iteration back to the
earliersteps 15 (e.g.,shouldadditional alternatives be considersdould the calculation metrics be
prioritized?).
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34 PhadeDet er mine the Resul ts

Thethree stepsf the lastphaseare the calculation of key metrics, interpretation and presentation of the
resulting valuesand reportingf the comparisoamong variouglternatives to guide decision making.

Step 9: Assess Impacts for Each Alternative

With thevaluation study modeling framewqrkssumptionand input datassembled, the chain of

models and analyses are executed indt@ipto produce quantified impacts different metricsacross the
range of alternatives defined 8tep2, includingthe baseline cas&his stepcan entail significant effort

to run the models using the input assumptions and vadnesrethat models run appropriately, and

repot preliminary and intermediate results to decision makers and possibly stakeHtldermecases,
intermediate calculations include proprietary data that cannot be shared awdtdpme stakeholders
exceptas a summary-Jhe models are run not only using baseline assumptions but alsamgftbet
uncertainty of those inputs using the teicjues decided i8tep6, for examplethrough some

combinations of e.gscenario analysis, sensitivity analysis and Monte Carlo simulations. (Some of these
techniques may already be incorporated in certain modeisgsults start to appedingere will possibly
beaneed to reevaluate the models or input assumptions to improve the results relative to the original
purposeand range of alternatives.

The analysis may requiseparatenodels to analyze different impaots the results of one modeiay
haveto be ported to another model for further analysis. This callsfermediatalata retention and
documentation of the porting to ensure future validatiomécriteria may be more qualitative and
require additionatonversion, and uncertaintisaistbeincorporated as described in Stepfdther tools
are used besides models (e.g., surveys, interviewghgeetscould be inmultiple forms.

The impacts should be quantified over the full iheeizon for which thections and alternatives are
expectedo producedifferences with théaseline caséardistant future calculations may use simplified
techniquessince their results will have fewer impacts on the total result and have greater uncertainty in
their assumptionaVhen the policy involves an investment in a particular project, the life of the project is
a good candidate for the evaluation perid.incentive program to accelerate adoption of a new
technology, however, may have impacts that last much longer than the life of the incentive. In that case
longer analysis period may be warrant&tthis point, if the time horizon of the simulated altaivies

does not match the chosen teet,Step7 should be revisited.

This stepcan be very labeintensive and requires skill and expertisethe part ofhe analysto
evaluate model runs for their validity. Oftensignificant amount of time is reiged to interprecomplex
model results and fully understanditmeaning. The analyst often iterates betweenStepandStep8
by revising assumptions and input data to achibedesired fidelity in the results.

Stakeholder Considerations

Impacts for each alternative will be assessed by valuation analyshy, stakeholders. However, the key

grid modernization decision makers and other stakeholders should be kept informed about progress in the
analyses and about interim dlivthl results. Doing so helps to keep the lines of communication open and
build trust. Convening at least one session in which analysts share interim findings with involved
stakeholdes, and address questions and issues of concambe informative fohiose stakeholders and

for analysts (e.g., perhafigese sessions willlentify problems the analysts can address before results are
finalized and the deliverable produced).
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Step9 Deliverable

An assembled set of impacts for each distinct alternative sétislikely to exist in tabular, graphical,
and spreadsheet form. But, as discugsetier, this information should not yet lnsed tadirectly
compare different alternatives until a more formal set of decision criteria and valuation is applied
(Stepl0).

Step 10: Integrate Impacts for Each Alternative

Oncethe various impact®r each alternativhave beemuantifiedin Step9, theymust bentegratedor
summarizedising the multcriteria approach defined Btep5. This broader comparisorequres

applying the defined perspective and critéoiassemld the quantitative impacts into information that
suppors comparison and decision makirgpme comparison calculations may be done within certain
models but often heyrequire additional proceisg) to compare and contrast the differences from the base
case. Also, the decision maker may have a broader set of criteria than that available from the results of a
single model.

Depending on thenethod of integration and communicatidnistask can besasimple as totaling

financial estimates, or as complicated as soliciting priorities, ranks, and weights from a variety of
stakeholdersvariations on the integration criteria may be applied to better understand the perspéctive
various stakeholders simply the robustness of the integrated value. Results after applying uncertainty
factors can also better inform the fully integrated results for each alternative.

Stakeholder Considerations

It is important to structure the valuation deliverable so thatusefulto and usable by stakeholders,

especially stakeholders who may use valuation results in grid modernization decision making. Thus, these
stakeholders should be consulted about necessary levels of detail needed and format. This consultation
can ocur during earliesteps(evenSteps2, 3, and #and informally tested during presentations of

interim results irStep?9.

Step 10 Deliverable

Summay and comparison of aggregate (if applicable) and itemized value streams for the alternatives
under consideration.

Step 11: Compare Values, Document Analysis, and Report Findings

A valuation study assembles relevant information, but ultimately it is thieeshof decision makers
outside of the valuation effort that transform that information into action. Given this, the final step of the
framework is to document and discuss the valuation effort in a way that supports outside decisions.

Borrowing fromtheEur o p e an Un CBRBAnadgsalitgvaluatdoe repord should be

1 Selfcontained: All information necessary to interpret the results is provided in the document and
its appendices.

1 Transparent: A complete set of data and sources of evidence shouldybavedlableto the
extent possible, without disclosing CEIl or confidential data

Verifiable: Assumptions and methodszmade available sufficiently to be replicated.

Credible: Based on wetlocumented and accepted theoretical approaches and practiebsre
there are deviationghey are clearly documented and justified.
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These are relatively higlevel princiges. To help translate them into action, we provide a list of
guestions that practitiongecould askhemselvesvhile assembling eeport. Most of these were
previously mentioned in the framewotkey are consolidated here for convenience. They are also
categorized by the step whose content they reflect most ¢lbsgthe grouping should be takemly as
a convenient method of agizing them, not as some fundamental guidasc®how a valuation report
should be organized.

Table 7. Questions to be answered ifinal documentation

Step Questions
1 1 Arethe social, institutional, and economic congetearly described?

1 Arethe funding source(s) and motivating entity for the valuation documented?

1 Is the reference alternative clearly documented, and sufficiently justified as a eogalibh
that would becho®n inthe absence of this project (i.ét represents the busineasusual
alternative)?

2 1 Does the title of the valuation study match its purpose, reference alternative, and additior]
alternatives?

1 Are the specific details of the various alternatives (e.g., technical details of a projecagang
of a policy) documented in a manner that allows the analysis to be replicated?

1 Were the participants (such as stakeholders), their roles in the valuation effort, and their |
involvement documented?

3 1 Was the method to identify participants dowented?

1 Was the method of interaction between participants and the analysis team documented?

1 Have project effects been identified? Have sufficient effects been quantified for credibility,
the omission of potentially meaningful effeqistified?

1 Is the perspective of the valuation, and consequentially the selection of metrics, describe
sufficiently for another group to replicate the effort? Are the choices justified?

1 Have the effects and metrics been communicated clearly and suc@ngtlin an easily
readable table)?

1 Are the metrics that are being aggregated clearly stated? Are those metrics that are not K
aggregated also clearly stated?

9 9 If disparate metrics are aggregated together, is the methodology for doing so documante
manner that allows the calculation to be replicated?

1 Was uncertainty sufficiently explored, with results communicating the full range of possib

6 values as best as can be estimated? Are any known shortcomings in uncertainty modelin
documented?

1 Are there any deviations from more widelgcepted methodologies? If so, are they properly|

7 justified?

1 Has the methodology been transparently documented in a manner that allows the analys
replicated?

1 Does the analysis depend on aignificant unproven assumptions (e.g., the performance o

8 technology not yet tested at scale)?

1 Have the input assumptions and data been documented in a manner that allows the anal

be replicated?

9 1 Were simplifications, caveats, and known bidsetata or modeling documented?

10 91 Are the values of each metric presented (i.e., if disparate metrics are aggregated togethe|
values of the metridseforeaggregation documented)?

1 Are all presentations of data in figures or tablesicieffitly explained to allow a reader not

General involved in the process to accurately determine their meaning (e.g., stating the dollar ye
presemvalue calculation®) al
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The questions are intended to guide documentation of the analysis itself. Depending on the purpose and
broader context of the valuation effort, the final report can also contain a discussion that compares the
alternatives. At a minimum, a valuation repoaih simply present the quantification of each metric for

each alternative, with any supporting text beindy what is strictly necessary to interpret the results.

Often, however, it is useful to provide at least some discussion of the various altertativgislight the

most salient points of the results and the traifieamongalternatives. Finally, in some cases, a valuation
may include an explicit recommendation or ranking, which should be discussed and documented. To be
clear, a valuation effort @3 not need toake a recommendation to be completeonly needs to

guantify the selected impactslowever, it may be practical to leverage the knowledge of the valuation
team to make a recommendation, so including a recommendation or ranking is éedethtatentity that
studied the commission requested it.

As with other steps, the assessment, integration, and comparison may result in the need to revisit earlier
steps. The depth of iteration will likely depend on the time and funds avatlablsiqificance of
missing alternatives, impacts, or modejingd the amount of rigor required in the analysis.

Stakeholder Considerations

As with Stepl0, it is essential tensurethat the comparisons across alternatives, documentation, and
reporting of findhgs meet stakeholder needs relative to the grid modernization detigiong issue at

hand. Continuing engagement throughout the valuation process can serve to refine and hone the initial
ideas, and stakeholders typically should be provided opportunigyigw or comment upon the final
analyses and comparisons. So ideally, the stakeholder consultationstefttggnply is an extension of

the earlier engagement and a prelude to continuing engagement, if there is a need to revisi¢srlier

Step11 Deliverable

A final report of the analysis, presenting the quantification of the selected impacts for each alternative and
providing all necessary documentation. If the entity that commissioned the study requested a
recommendation or ranking, thetiould be included and discussed.

Appendix! includes ahecklist summarizing the questionsTiable7 in a format that simplifies the
review ofStepll. Thechecklist should be included in tdecument(s) comparing valuegadimening
the analysisand eporing the fndings

Documentation of the Determine and Present Results Phase

At this point, the documentation of the Determine and Present Rgisafts of the valuation process
should becompleted Each of the steps Istleliverables that include dom@ntation of their respective
steps. The appendices associated with the steps provide checklists or templates to assist in the
development of the documentation. Step 11 provides the major documentation of the resotesnlalit
documentation of the intmediate results and comparisons from Steps 9 and 10 will be useful for any
follow-on analysis or validation of the study.
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4. Review of Ot ha®r olcemdss tSt iaemsl ar d

41 I ntroducti on

With a longterm vision of developing a framework that could become emtidis generally accepted
valuation principles, several key questions must be answered:

1. Do standards exist, albeit in different industries, that successfully codify and standardize
processes similar to the kind of valuation process proposed in GMLC 1.2.47?

2. If yes, what are some of the lessons learned that could be useful for directing future work toward
developing commonly accepted methodsviaiuation?

The team reviewed standards, protocols, and guiddtingsocesses in other industries thad
similaritiesto the valuation process as defined in this project. The objsatigeel) to glean insights into
the applicability of standardizingr otherwise making more uniforancomplex process with many actors
and?2) to assess whethsome of tloseexisting protocols anagtandardgouldserve to some degreas
modek andlessondearnedor valuation of grid modernization alternativéscompanion repott(also
referenced a8ppendixK in this reportyrovides more details on the standards review.

The review undertook a brief analysisedjhtsets ofprinciples, checklists atandardshat arewidely
used in business and industry in theitdd State$o set guidelines or establish thresholds for accuracy,
transparency, consistency, repeatabilityality, and/or extensibilityincluding

1 TheGAAP;

1 International Organization for Standardization (ISO) 9000 series
1 1S0O-14040 series

9 Aviation checklists

1 Medicalchecklists

1

American Society of Heating, Refrigerating and-8ionditioning Engineers, INASHRAE)
Standard 202013

NERC bulk electric system reliability standaread
Rhode Island (RI) benefitost analysis frameworkRaab et al. 2017)

42 Commonal i ti es

Thestandards and guidelinesviewedhave several commonalities with the propogaidation
framework.

Consistent Framework

The purpose of most of ttsandardss tooutline a framework requiringse of consistent methods,

laying out minimum requirements gnd some casepointing to theneed for data from reputable
sourcesThe intentis to reduce if not eliminate the opportunity for organizations to produce results that
further a narrow, special interest and/or to ensure that the organizations do not overlook key steps in the

9 Cooke Alan, et. al, Evaluation of ProcesBased Standard®acific Northwest National Laboratory,
Report XXXX, April 2019
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processFor several standards, tient is to identify the minimum set of required steps needed for
success.

GAAP is literally concerned wittensuringthataccurate financial reports are prepared for the use of
stakeholderge.g., investors) wheoequire accurate ad unbiasedinancial informatiorthat can be
compared with the financial information of other entities.

ISO-9000focuses on datdriven decision makingndquality managemenpractices, including
consistent managemetabls and practices, timely and acate records management, and a planning
process that takes into account stakeholdegs,§uppliers, contractors, customers, employeaes the
full range of impacts.

ISO-14040 series, in particular ISG14044 lays out a consistent framework for dnealysis of
environmental impast 1ISO14044addresss a real need that had been recognized historighky
organizations made conflicting claims backed up by fil@megrownd analyses

Checklists, aviation and medicalexist to lay out the minimumecuired steps to ensurthatno critical
components overlooked

NERC standards and ASHRAE 2022013achieve their success by ensuring that important and specific

details are not overlooked and that all identified steps are.thlEeRC standards set minimuhresholds

for electric system reliabilityASHRAE 2022013 describes the activities that are characteristic of best
practices for achieving designed operational per f
does not set quantitative requirentent

The RI framework includes a CBA step that lists benefits and costs to be analyzed as well as a policy
framework identifying the specific areas that must be addressed at some level.

Industry Stakeholderi Developed

Issues faced by industry participacésbe successfullpddressed by standards developed by the
industry.

NERCOs r el i abdrddevelgpeddy dnaftinhdeandssomposed of industry participants
Approwal by a ballot body drawn from industry participants is a required $Stepinitiatingste® a
standard authorization requéstan be submitted by any industry stakeholder.

ASHRAE 202-2013is developed and maintained by a stanslacanmittee composed of theSNRAE
membership, and the process of updating the standard is generally startedstdieznolder submits a
change proposabll ASHRAE standards undergo extensive open public review.

ISO standardsare also developed by committees composed of member representatives who are experts
in the committeeds s 000D isdevelopad by raembeArepcesentatives with vy I SO
guality management expertise. Standards must be approved by a membership ballot.

The RI framework was developed through a stakeholder process, and the working group came up with a
unanimous, consensus propogahe utility regulator set it up to be a stakeholder process.)

GAAP standards or rules are developed by the Financial Accounting Standard{B&3R); butthe

processncludes significant amounts of stakeholder inpamd one of the mechanisms for iaithg a
standard development/update process is a stakeholder request or recommendation.
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43 Lessdresar ned
Following are some of the lessons tbah be drawifrom theguidelines andtandardseviewed
Brief and highly focused is betterhislessoncomes fom the checklists. Busy schedules, interruptions

and short attention spans are common in modern business. The best approach might be a short document
that hits theessentialtemssuccinctly

Organizational culture is a keyhe ISO standards, GAAP, chdisks, and NERC standards all recognize
that culture is a potential issuend they all have focus on leadership responsibility and/or how the team
interacts. For example, timeedicalchecklists have steps explicitly calling for team meetings to discuss
what is being done arahapproacho ensure thagveryone is on the same page that staff do not, for
example, simply arrive at aperatng room performanoperation, and le@a°

A focus on st akehol ThelS@and ASHRAE stendnhave glemerds that causey

the organization to identify key stakeholders in the process and to either explicitly work with them,

provide data to or collect data from the stakeholders, or at least reflect their perspectives in thé'process.

The medicalchek | i st team meetings ar ereqailingtateam rmexnpelrsi ci t | y
coming from different medical professions talk and plan together.

ISO, ASHRAE and NERC provide models for standard developm&lhtire standards developedth
significant opportunities for stakeholder input

44 Successful Out comes

The reviewed standar@dl demonstrated successes

GAAP has tackled some very sticky issuss;ch aghe true market value of an investment versus the
book valugand the treatmentf @ff-balancesheet items such as spegqiakpose entities. Both issues had
constituencies that quite literally fought bécicluding asking Congress for legislative relieASB can
succeedt addressing such issuagart because the governing board is independent from the various
stakeholder groups.

ISO-9000successfully puts the focus on customer needs and quality management systeznsly,
over a million entitiehave beercertified under IS@001 worldwide 39,000 of whicharein North
America.

ISO-14044is a credibilitybuilding analysis insofar as it lays out a process for evaluating environmental
impacts which, when paired with what is called Type Il environmelgelarations, can be used to
credibly establish that the entity has subjedi®groduct to an environmental assessment.

Aviation checklistsare a key factor in aviation safefyhe speed at which change propagates through
aviation checklists is impree. A book The Checklist Manifestoy Atul Gawande, recounts the story

of a crash and the lessons learned. It took a matter of months to complete the crash investigation, but
about 10 months after the first crash, another was averted because thedcaesthbeklist.

0while it might be hard to believe, apparently it is not uncommon for this to happen.

1 NERC standards also contain requirements for seams issues and stakeholder involvement, though individual
standardsd® content was not expl i €014,TransdissisncSystesied i n t hi
Planning Performanc®equirements i ncl udes requirements for working wit.l
pl anners and a stakeholder invodormequeptriozleslsoadqluo s «.
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Medical checklistshave been demonstraterbecapable of helping hospitals all but completely
eliminate errors caused by skipping or forgetting simple sgemh asvashing hands or washing the
patient éds ski n a tthmedica anpagatiom thecilits arerpatant&ali catare chaBgers
insofar as they empower all participants to serve as backstops to other partieipdinisboth cases, they
empowerstaff (e.g.afirst officer or anurse to question the leagbi{ot or doctor) to ensure that all
important issues have been addressed.

ASHRAEOGs commi s s i ohashbean detbnstratedata help tAelbailding industry deliver
buildings that meet the advertised criteria and needs of tlinguoccupants. It also responds to the

needs of the utility industry and others who operate energy efficiency programs. Before commissioning
became somewhat common, there wem@monlyfailuresin operations or performance because
subsystems or processiead not been properly interfaced or because quality checks had not been
performed The ASHRAE model for setting and updating standards is a model that should be considered
for thevaluationframework While the ultimatedecisionmaking rests with the camittee that controls

the standarghere are severapportunitesfor public commenas the standard is proposed, scoped,

written, and updatedASHRAE addresses all negative comments to the extent possible. The model is
structured to get public commédnbm all stakeholderaithout creating an unwieldy structure.

NERC reliability standards are successful stakehole#niven standardghathave been shown to yield
successes relative to historical results, such as decreasing transmission outafmr tlehsts years
and decreasing rates of protection systemapéeration. The standards themselves are developed by
stakeholdersand stakeholder approval via a ballot body is a required step.

The RI framework is too newto identify a specific success resotjifrom the standard. However, the RI
regulator that set up the proces#s$rorder accepting the stakeholder report stétatlit was pleasethat
the process was able to achieve unanimous consensus on all but one issue.

45 Considerat inenmienddoosi st elec Wddfuati on
Processes

Thestandards review provided valuable insights into the potential for the valuation guidelines to lend
themselves to being codified smmeindustryadoptedanguageor principlesto improve the credibility,
transparency, and overall acceptance and use of the valuation effort. The review strongly indicated that
other very processriented activities do lend themselves to be formulated into standards language, and
there is evidencéhat such standards consistency iprocesselave improved the overall confidence in

the quality of products.

It therefore appears feasible that the valuation guidelines would be codifiable bindasteybody. The
guestions then are whether thersufficient interest by the industry to continue such an effort, and how
this effort would be structured and governed. The objective of the next phase of the GMLC Grid
Valuation Framework Development project is to answer these questions and, if suittise advance

the framework through assisted application by industry and discussions with potntissments

defining orstandaresetting bodies.
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5. Conclusions and Next Step

This project developed an -ktep valuation process in collaboration with arGS&everal iFperson
meetings and webinars with SAG members confirmed the need for consistencyrioctssof

determining the value of potential grid modernization actions (i.e., designing and executing a valuation
study)

During the process developmethe team tested the process on two test situations. These provided
important insights into how decision makers approached valuation and what information was needed to
choose among grid modernization alternatives.

We explored the applicability of estéfling some form of standard for theocesof grid valuation by
reviewing the governance of complex processes in other disciplines. This review strongly indicates that
industry groups in the buildings sector (heating, ventilation, and air conditioniagagement,
environmental, accounting, medical, and aviation fields have successfully established standards or
standaredike guidelines that improve the quality of performance or services. The benefits from standards
developed for other procebased disgilines suggest thatwith sufficient interest by stakeholders of the
electricity sectad similar efforts may be feasible and beneficial for evaluating grid modernization
proposals.

Consistent with the vision for this project, the suggested next step waaloptying this framework of

an 11step valuation process to ongoing valuation studies supporting grid modernization decisions. That
step would refine and elaborate the guidelines and gauge the interest of the stakeholder community in
continuing toward desloping standards and best practice requirements to be applied to valuing grid
modernization actions.
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Appendix A: Defining Valuation and Ot he

To support the guidance documented in Section 3, this section lays out an abstracted definition of
valuation, describing key concepts and defining key ténaisare used throughout the remainder of the
document. The level of abstraction used here is daeo lay the foundation of extensibility for the
framework as many of the challenges and questions that will arise from a modernizing grid are simply
not yet known.

Al The Concept of Valwuation

In a description of the challenges and needs of valuatidreielectricity sector, Meyer (2017) leans on
Englishlanguage dictionaries to synthesize a useful definition of valuation:

éit is a process for estimating what something
services. The items that are vatlthrough the process may have positive values (i.e., assets or
benefits) or negative values (costdiabilities)

Additionally, KintnerMeyer et al. (2016) describe valuation more specifically in the electricity sector as:

éesti mati ng vthdelearic power sectar, tvahuations are used when making decisions
related to both the operations and planning time framas/olve countless actions, analyses, and
decisions made by a wide range of stakehollargde in order to achieve a set of goal

objectives, which often requires making tradeoffs between two or more desirable outcomes. In this
way, these decisions are based on a valuation of the action to be taken that lead to a conclusion that
the set of benefits of taking the action outweifjlescosts.

The following concepts drawn from these two definitions are useful for informing the definition of
valuation for the purposes of this guidelines document:

9 Valuation is a process to generate informagiEstimates of value) that caopportinvestment or
other decision makingith respect to future actions.

1 Itinvolves the comparison of two or more alternativéisese alternatives may be broadly
construed covering changes to policies, assets, operatimhgyany other potential actions which
can be taken by the decision maker with direct or indirect influence on the operation and planning
of the power systenThese alternatives are compared to each other, including typically a baseline
businessasusual @se that is what is currently planned or anticipated, incluiiogiothingd

The following is proposed as a working definitiéaluation is a process for generating and comparing
two or more alternatives for the purposes of providing informatiandedsion makelin support of a
decisionmaking process

A2 The Components and Terminology of Va

Figure A1l visually outlines some of the key hidgwvel components of a valuation. These components,
their definitions, and the function they serve in the atidun process are described e a high level
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Figure A.1. Conceptual representation of the components of valuation by comparing the changes in
outcomes between an alternative and a baseline.

A3 Defining the System

Beyond the conceptual definition given above, valuation necessarily begins with the definition of the
systemof concern to the decision maker. In the electric sector, this system begins with the power

systend which in itself is incredibly complex, spannifrgm individual consumers through distribution
infrastructure up through transmission and generation assets at thmiugk system leveDperational

and planning decisions, prices, and physical characteristics vary alorgrtias from susecond to
decadalanédwei nt er connected across political and mar ket
additional environmental (e.g., air, water), physical (e.g., pipeline), market (e.g., equity and commodity)
and socioeconomic (e.g., employment;tase)contexts on which the power system acts and is in turn
acted upon either directly or indirectly. The process of determining the temporal, geographic, market, and
other extents of the systénthat is, drawing theystemboundaryd is an important and clarifyg step

in the valuation process.

In the modeling context, the broader system is divided intonthdeledsystemandthe state of the

world; the dividing line between the two is determined by which actions and properties are endogenous to
the system (moded system) and subsequently simulated and approximated, versus those that are
considered for modeling purposes to be exogenous (state of the world) and are therefore fixed input
assumptions that are not influenced by the alternatives within a valuatityn $he precise dividing line
between the modeled system and state of the world can create significant differences in outcome
depending on the decision or purpose of the valuation under consideration.

A very simple example of this concaptwo approacks to modeling a decision to invest in a new large

baseload pladt one assuming historical prices and the other simulating power system operation using a
production cost model. In the former case, the potential-ptippressing effects of new generatiom ar
Afassumed awayodo into the state qgWwherasa@rodvationkcodt (t he h
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model would resolve the markaide changes in dispatch and marginal prices resulting from the entry
and market operation of the plant in question.

Many of the realvorld considerations in the choice of system size, modeling, mdssubsequent

underlying assumptions are considerably more complex. Often, key assumptions concerning business
principles, decision making, and human behavior are embéldeithe models and tools used for

valuation. These can greatly influence the results of the valuation and must be taken into account by the
decision maker and stakeholders.

A4 Measuring the System

A systemproperty is an attribute of the system itself or its behavior. This document adopts the
categorization of electric systénelated properties proposed by the US Department of Energy (DOE)
which birs theminto six topical areaéAndersonret al. 2017):

1. Reliabilityd Maintaining the delivery of electric services to customers in the face of routine
uncertainty in operating conditions.

2. Resiliencé The ability to prepare for and adapt to changing conditions and withstand and
recover rapidly from disruptions.

3. Flexibilityd The ability of the grid (or a portion of it) to respond to future uncertainties that stress
the system in the short term and may require the system to adapt over the long term.

4. Sustainability The provision of electric services to customers while minimizegative
impacts on humans and the natural environnigrit attribute may be more broadly defined as
including three pillars: environmental, social, and economic.

5. Affordabilityd The ability of the system to provide electric services at a cosstfat and
affordable.

6. Securityy The ability to resist external disruptions to the energy supply infrastructure caused by
intentional physical or cyber attacks

System properties hagabproperties defining higher granularity to its parent property. Examples

include the dstributionreliability subproperties dhe System Average Interruption Duration Index

(SAIDI) or System Average Interruption Frequency In@8AIFI), orthe sistainability subproperties of
emissions of different pollutants such as,80CG. The properties and their constituent subproperties

are further described in Section 3. As decisions are made within the system, the future states of system
properties are collectively referred tof@asitcomeso

System properties (and their subpropert&@s) resulting impacts are characterized for the purposes of
valuation bymetrics. For instance, one metric for environmental sustainability could be the emissions of

a criteria pollutant at a point source over a given period. In practice, emissiorterid pallutants would
measurenly a subproperty of environmental sustainability, and important decisions are made in the
process of setting system boundaries with regard to which subproperties are of interest (and subsequently
the metrics by which to meare them). The metrics used in this guidelines document draw heavily from
work undemway by a companion project in the GMLC (esderson et al2017) to catalog existing

metrics used in the electricity sector and develop new metrics to support theievdkrad valuation) of
activities to modernize the grid.

A5 Transforming Measurements into Value
As noted in the definition of valuation andkigure A1, for our purposewalue is a comparison of two
or more future alternatives based on their respeotivet c omes. The fitwo or mor eo

important in that one set of outcomes serves abdbkelineagainst which the possible alternatives are
evaluated. As the valuation framework is designed to compare the resulting outcomes as differences
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betweerdifferentinterventions or actions (e.g.,policies implemented, assets constructed) taken by the
decision maker with respect to the power system, the baseline is typically a nonintervention-assiness
usual (BAU) scenaridAlternatives then are deviatianfrom a BAU baseline. Care needs to be taken
casesvhere the BAU itself may be substantieeg. planned investments or ongoing policies.

Outcomes of two or more alternatives are compared on the basis of their difference in property or
subproperty metrics; this difference in a metric is considered to imepact, and impacts are then
transformed intovaluesbased on the perspective of theeidion maker. This perspective has two primary
components: (1) whether a given impact is a positilative changéa benefit), a negative (aost), or
neither and (2) thdecisionmaking criteria that guide the ultimate choice of units by whichetueis
reported and interpreted and how different metrics are combined.

The impacts of each alternative are summarized in a way that informs the decision that the valuation
effort is intended to support. In the simplest form, the set of impact metrieadh alternative can be
summarized in a table describing the relative pros and cons of each. More sophisticated methods are
available, from relatively simple graphics such as spiikgrams to more sophisticated valuation
processes. In certain casessipossible to monetize all impacts of interest and summarize each
alternative with a single dollar value,ia-donein traditional weltknown approaches such as financial
and social cost benefit analyses. In other circumsténpesdicularly when therera multiple

stakeholders with differing perspectivesd monetizing impacts is considered infeasible or misledding

it may be useful to use multriteria weighting strategies to aggregate impacts into a single nonmonetary
value or rank, with ranges to mgsent uncertainty or different opinions in relative weighting. Guidance
related to communicating the integrated values to inform decisions is disauSeetion3.2 under Step

5.

Often, the robustness of a possible action is found by making variations in exogenous properties in both

the BAU and alternativecenarios For example, the influences of higher inflation, increased demand,

fuel pricesand other variablemay change the relative value of an alternative compaitedhe

baseline. The fibesto alternative may not be the h
alternative that appears successful under a wide range of valmasimizes the negative consequences

under a plausible set of adverse assumptions.

Defining the breadth and depth of the system to be analyzed plays a central role in determining the
framework of a valuation process. Valuation can encompass the narroeidirequity perspective of the
decision maker, the broader perspectives of other stakeholders, or society in general. Life cycle analysis
can look evemorebroady, including the context of material supplies, waste streams, and
interdependencies betwearirastructures or sectors.

Valuation alone may not give the final decision; nonvalue factors will influence any final choice by a
decision maker. These can include political issues, negotiations, taastbetics, or a number of other
aspects of the alteatives. While theoretically these factors could be incorporated in a valuation exercise,
in reality they are more readily handled outside of the scope of valuatioerthin cases, it may be
desirable to summarize impacts in a single metricabialid become a déacto decision.
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AppendixB: Val uaGli @snsoafr yTer ms

Adequacy

Theability of abulk powersystem to supply the aggregate electrical demand and energy requirements of
the enduse customers at all timdaking into account scheduled and reasonably expected unscheduled
outages of system components.

Advanced Distribution Management System (ADMS)

ADMS supports the adoption levelsdibtributed energy resourcd3ER) and assists in maintaining
reliability ard enhance resilience across the distribution grid. ADMS add levels of communication,
intelligence, and visibility into the distribution grid for the distribution utility to better understand real
time conditions across its distribution service territorfpMS provides utilities with several specific
functions, such as automated fault location, isolation, and service restoration; conservation voltage
reduction; and volt/VAR optimization. Installing ADMS is not merely about better integrating DER
rather, ADMS will change how a utility operates and where a utility envisions itself and customers in the
future. As customers continue to adopt technology and DER continues to grow, having the information
about the grid that can be gathered from ADMS investmentsi&lp the utility meet customer demands
while maintaining reliability, resilience, and flexibility. Functionally, an ADMS system integrates several
utility systems, such as outage management, geographical information, AMI, and customer information
systemsinto one, enterpriseide system. [NARUC 2016, p. 53]

Advanced Metering Infrastructure (AMI)

An el ectricity metering system t(amlpossibgatter ds cust o
parametenshourly or more frequently and that provides foilydar more frequent transmittal of

measurements over a communication network to a central collectiort paimanced meters are capable

of measuring consumption in 4Binute tol-hour increments. The meters are connected to a
communication network, whicthhen transmits the consumption infor
billing. This stands in stark contrast to the historical mode of metering, which usually occurred once a

month and included either a physical reading of the meter or collec@ingfthmation through a local

radio network. With the installation of AMI, implementiegectricrate designs likéime of usecritical

peak pricing andreakttime pricingbecomes possible at lower costs than in the past. An integral part of an

AMI systemis a communication network. That network allows the meter to communicate with the utility

and can send information like consumpt@rdreceive messages like prices or demand response signals.

This twoway flow of information means that the utility caropide customers with usage, price, and cost
information over the course of the month rather than only once, at the end of the month.

Adverser eliability impact
The impact of an event that resultdimk electric system instability oascading.

Affordability
The ability of arelectricsy st em t o provide electric services at a
willingness and ability to pay.

Ancillary services
Services thaare necessary to support the transmission of capacity and energg$aumces to loads
while maintaining reliable operation of tlransmissionystem in accordance with good utility practice

Area control error (ACE)
The instantaneous difference betwedralancingau t h o met actyad and scheduled interchartgking
into account the effects &fequencybias, correction for meter error, and automatic time error correction

! https://www.ferc.gov/industries/electric/indast/demandesponsilemresadv-metering.asp
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if operating in the ATEC mode. (ATEC is only applicabléadancingauthorities in the Western
Interconnection).

Average Service Availability Index (ASAI)
The ASAI is a reliability metric used by electric power utilities. It represents the fraction of time (often in
percentage) that a customer has received power during the defined reporting period.

Asset valuation methods
Various methods such as regduction cost and replacement cost that are used to determine the value of
an asset. Other related terms include market value and earnings value.

Reproduction coss defined as the estimated cost, usually at current prices, of duplicating an existing
fadlity in both its current form and current function. This valuation method requires that costs be based
on reproducing facilities using identical replacements; other facilities that perform the same function
cannot be used. Precise reproduction costs ealifficult to calculate because some facilities may be
custommade or may be impossible to duplicate.

Replacement cost the estimated cost, usually at current prices, of duplicating an existing facility in
function only. This valuation method allows thie replacement of facilities with others that may vary
considerably in form from existing facilities, while still duplicating the existing facibfiesctions. The
new facilities, under this method, may be redesigned to take advantage of new techntdaggrease
efficiency.

Market valuds the value established in the market by exchanges between willing sellers and willing
buyers. When a number of similar sales occur, a fairly certain market value can be determined. When a
market value cannot be easily determibedause of lack of trasactions, other methods such as
reproduction cost or replacement cost may be used to estimate the value of property for sale.

Earnings valuealso called the income or revenue method of estimating value, estimates the value of
property as theresent worth of future net earnings that are expected to result from the ownership of that

property.
Original costandhistorical costalso are used sometimes to estimate the value of an asset.

Automatic generation control (AGC)
A process designed andeastoadjusta balancingauthority areas demand and resources to help maintain
the area control error within the bounds required by applicable NERDiIlity standards.

Average rates
Average electrity or natural gas rates paid by customers overengderiod of time, usually calculated
either for a specific class or customers or for a specific geographical or service area.

Avoided cost
The cost that an electric utility would incur to produce or otherwise procure electric power, but does not
incur because the utility purchases this power from qualifying facilities.

Balancing authority
The responsible entity that integratesource plans ahead of time, maintaiemand and resource
balance within a balancing authorityea, and supportaterconnectia frequency in real time.

Balancing authority area
The collection of generation, transmission, and loads within the metered boundaries of the balancing
authority. Thebalancingauthority maintains loadesource balance within this area.

Blackout
The disonnection of all electrical sources from all electrical loads in a specific geographic area. The
cause of disconnection can be either a forced or a planned outage.
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Black start capability
The ability ofa generating unit or station to go from a shutdown condition to an operating coaddion
startdelivering electric powr without assistance from tlkctric system.

Black start resource
A generating unit and its associated set of equiptiaihas tle ability to be started without support
from theelectric ystem.

Bulk power system

The electrical generation resources, transmission lines, interconnections with neighboring systems, and
associated equipment, generally operated at voltages ¢160higher. Radial transmission facilities
serving only load with one transmission source are generally not included in this definition.

Bulk power market
A market in which large amounts of electricity at high voltages are exchanged, usually from one utility to
another for the purpose of resale.

Customer Average Interruption Duration Index (CAIDI )
CAIDI is a reliability metric used by electric power utilities. It represents the average time required to
restore service to customers after an outage.

Customer Average Interruption Frequency Index (CAIFI )
CAIFI is a reliability metric used by electric power utilities. It gives the average frequency of sustained
interruptions for those customers experiencing sustained interruptions.

Capacity charge

The capacity charge, sometimes called demand charge, is the portion of the charge for electric service that
is based on the amount of customero6s peak | oad (Kk
Cascading

Cascading is the uncontrolled successive lbsystem elements triggered by an incident at any location.
Cascading results in widespread electric service interruption that cannot be restrained from sequentially
spreading beyond an area predetermined by studies.

Coincidental demand or peakload
The sum of two or more demands (or peak loads) that occur in the same time interval.

Congestion
A condition that occurs when insufficient transfer capacity is available to implement all of the preferred
schedules for electricity transmission simultaneously.

Conservation

A reduction in energy consumption that corresponds with a reduction in service demand. Service demand
can include buildingsector end uses such as lighting, refrigeration, and heating; industrial processes; or
vehicle transportation. Unlike engrgfficiency, which is typically a technological measure, conservation

is better associated with behavior. Examples of conservation include adjusting the thermostat to reduce
the output of a heating unit, using occupancy sensors that turn off lightslianapg, and capooling.

Constraints
Constraints osystemrequirementsre a subset of outcoméstare realworld operational requirements
(or their modeling approximations) which bound the valuation process.

Contingency
The unexpected failure or og®of a system component, such as a generator, transmission line, circuit
breaker, switch or other electrical element.

Singlecontingency The loss of a single system element under any operating condition or anticipated
mode of operation.
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Mostseveresingle contingency The single contingencyhatresults in the most adverse system
performance under any operating condition or anticipated mode of operation.

Multiple contingencyoutage® The loss of two or more system elements caused by unrelated events or by
asingle lowprobability event occurring within a time interval too short (less fltaminutes) to permit
system adjustment in response to any of the losses.

Contingencyreserve

The provisionof capacitythat may beleployed by théalancingauthority to iespond to a contingency

(e.g., outage) and other contingency requirements (such as energy emergency alerts) in order to balance
system generation and demand and reswea control errowithin the specified range. Contingency

reserve is typically deployeslithin 10 minutes following an outage. Typically, at least 50% of

contingency reserve is required todmnning reservevhich automatically responds to frequency

deviations.

Control area

An area comprigg an electric system or systems, bounded bydontenection metering and telemetry,
capable of controlling generation to maintain its interchanges schedule with other control areas, and
contributing tofrequencyregulationof the interconnection.

Control performance standard (CPS)
The reliability standal that sets the limitsoflaa | anci ng aut h orer bvery épecifiedr ea ¢ o n |
time period.

Curtailment
A reduction in the scheduled capacity or energy delivery ofitenchangeransaction.

Customer
A metered electrical service point fa@hich an active bill account is established at a specific location.

Decision Tree
A decision support tool that uses a thi&e graph or model of decisions, choices, options, or actions, and
their possibleoutcomes.

Demand
The rate at which electric emgris delivered to or by a system or part of a system (at a given instant or
averaged over any designated interval of time), or the rate at which energy is being used by the customer.

Demandresponse (DR)

Changes in electric usage by amk customers fro their normal consumption patterns in response to
changes in the price of electricity over time, or to incentive payments designed to induce lower electricity
use at times of high wholesale market prices or when system reliability is jeopdrdized

Demandresponsgrograms

Incentivebased programs that encourage electric power customers to temporarily reduce their demand for
power at certain times in exchange for a reduction in their electricity bills. Some demand response
programs allow electric power ggm operators to directly reduce load, while in others, customers retain
control. Customecontrolled reductions in demand may involve actions such as curtailing load, operating
onsite generation, or shifting electricity use to another time period. Demaspohse programs are one

type ofdemandside managementwhich also covers broad, less immediate programs such as the

promotion of energyfficient equipment in residential and commercial sectors.

2 https://www.ferc.gov/industries/electric/indast/demangesponse/demesadv-metering.asp
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Demandside management (DSM)
The term for all activitiegr programs undertaken by an entity (e.g., utility, customers) to influesnce
demand (e.g., the amount or timing of electricity they use).

Direct control load management (DCLM)

DCLM is demandside management that is under the direct control of the system operator. DCLM may
control the electric supply to individual appliances or equipment on customer premises. DCLM as defined
here does not includaterruptibledemand.

Distributed energy resources (DR)
DER are sources of electric capacity and endoggted on the distribution system or on -@isér sites
that feedelectricity directly to buildings and eagse customers @nto the distribution grid.

Distribution system
The portion of an electric systethat delivers electric energy from transformation points on the
transmission system to the customer.

Disturbance
An unplanned everhatproduces an abnormal system condition such as high or low frequency, abnormal
voltage, or oscillations in the system

Economicdispatch
The allocation of demand to individual generating units on line to effect the most economical production
of electricity.

Effective load carrying capability (ELCC)

ELCC measures the contribution of an individual generator, or grougnefators, to overall resource
adequacy. ELCC is a measure of the additional load that the system can supply with the particular
generator of interest with no net change in reliability, as measured by LOLE or (defifed later in
this glossary)

Electrical energy
The generation or use of electric power by a device over a period of time, expressed in kilowatt hours
(kwh), megawatt hours (MWh), gigawatt hours (GWh), or terawatt hours (TWh).

Electric power system
A combination of generation, transmissiondalistribution components.

Electric rates

The rates paid by enase customers for electricity service. In addition to the energy charge (which is
based on customdsnergy consumption in kWh), electric rates may also include a capacity or demand
charge (based on custom@peak demand in kW), and a service charge. Common types of electric rates
are the following:

Flat electric rated A flat rate charges customers peaitwof consumptiorfkWh), at the same rate for all

units of consumption. This rate structure (in combination with a monthly customer charge) is commonly
used in rates for residential electric customiiis.the most common form of residential rate desiggd
across the country today

Blockelectric rated An increasing, inverted, or inclining block rate (IBR) structure is designed to charge
customers a higher per wunit rate as their usage
example a threetier IBR would identify three blocks of usage: block one could be OikM&® kWh,

block two 150 kwin250 kWh, and block three all usage over 250 kWh. For each block, there is a price for
all electricity used within it, with the price increasing asiagtomer moves through the blocks over a

billing period. One of the main purposes of an IBR is to send a conservation signal to customers and to
incentivize energy efficiency and reduce consumption on the system. [NARUC 2016, p. 24]
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Timevariantelectricrated Time-var i ant rates (TVRs) are designed tc
cost of service and marginal costs at different times (e.g., hour, day, or season). Generally, a TVR design
charges customers a higher price during peak hours and a legeedpring offpeak hours. Unlike with

flat rates, customers need to be aware of usage throughout the day and the month to respond to the price
signals in a TVR design. A customer may increase savings under a TVR compared with a flat rate, if that
customeruses energy in response to the tvagiant price signal, such as shifting usage to levest

periods or conservation [NARUC 2016, p. 26]

Timeof-use(TOU) electric rated A TOU rate is a specific kind afVR. A TOU rate charges customers
different prices according to a pdetermined schedule of peak andpéiak hours and rates. For many

utilities, TOU rates have been a voluntary option for residential customers for decades, but, generally, few
customers partipate. Manycommercial and industrigC&I) electric customers already receive service

under TOU rate designs [NARUC 2016, p. 26]

Realtime pricing(RTP)rated UnderanRTP plan, the customer is charged for generation at the price set
by the wholesale markéfor deregulated utilities or vertically integrated utilities participating in an
organized wholesale market) or at the shont marginal generation costs (for vertically integrated

utilities not participating in an organized wholesale market) by the Méith AMI, it is possible to
implement reatime pricing for residential and smaller C&I customers. RTP is available to residential
customers in the lllinois service territories for Commonwealth Edison (ComEd) and Ameren. The real
time rates for these pgrams are based on the ddyad hourly wholesale price for the given utility

zones. [NARUC 2016, p. 28]

Critical peakpricing (CPP)rated A utility may implement a CPP rate during times of expected shortages
or anticipated higlusage days to mimic peak price increases. The utility will announce, usually the
day before, the hours that the CPP rate will be in effect. The CPP rate reflects thgdighation price

of electricity during those CPP hours or the existence of scarcity during the event®enerally, the

CPP rate is set significantly higher than the-@#P rate as a means of incentivizing customers to reduce
consumption. A CPP can be included with a TOU rate or paired with a demand response. gxG§am
event is usually limited to ceftapeak hours over a yedNARUC 2016, p. 2]

Threepart ratedemandcharge® Because the utility system is built to serve peak loads, the costs of
providing electricity at peak hours is higher than duringpeak hours. Part of this reflects ihereased

costs of having sufficient infrastructure and generation necessary to serve customers during peak demand
times. To ddress this situation, a rate structure option is the-{haeterate, which adds a demand charge

to the existing fixed charge andlumetric rate. This rate recognizes three of the major contributors to a
utilityds costs. To the extent that each componen
price signal to customers should be improved over the use of flat &rrakes. Such rates have been
commonplace for C&I customers. The demand charge component usually reflects the costs to provide
electricity at the peak hour of the month. In an effort to identify costs associated with peak hours, a
demand charge is one whyyr a utility to send a peak pricing signal over a certain time period (such as a
month). [NARUC 2016, p. 32]

Embedded cost
The total current cost of owning, operating, and maintaining an existing electric power system.

Emergency

Any abnormal system coitbn thatrequires immediate manual or automatic action to prevent loss of
firm load, equipment damage, or tripping of system elements that could adversely affelcaiiigy of
theeectric system.

Energy arbitrage
In general, storing energy when thlectricity prices are low and generating when the prices arelhigh.
typically refers to the mode of operation of purmyséarage hydropower plants in electricity markets
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when they pump during the hours with low electricity prices and generate durimguitsewith high
electricity prices.

Energy charge
That portion of the charge for electric service based upon the edéetrgrgy (kwh) consumed or billed.

Energy efficiency
A ratio of service provided to energy input.

Energy efficiency programs
Programghat are aimed at reducing the energy used by specifiagndevices and systems, typically
without affecting the services provided.

Energy intensity

A ratio of energy consumption to another metric, typically national gross domestic product in thie case
a country's energy intensity. Seegpecific intensities may refer to energy consumption per household,
per unit of commercial floospace, per dollar value industrial shipment, or another metric indicative of a
sector. Improvements in energy intensitgludeenergyefficiency andconservation as well as structural
factors not related to technology or behavior.

Expectedunservedenergy (EUE)
EUE is a reliability metri¢hatprovides information on the amount of energy shortfall that may be
expected ira given time period.

Federal Energy Regulatory Commission (FERC)

FERC is thedderal agency with jurisdiction over interstate electricity sales, wholesale electric rates,
hydroelectric licensing, natural gas pricing, oil pipeline rates, and gas pipetiifecation. FERC is an
independent regulatory agency within the Department of Energy and is the successor to the Federal Power
Commission.

Firm power
Power or poweproducing capacity, intended to be available at all times during the period covered by
guaranteed commitment to deliver, even under adverse conditions.

Fixed costs

Costs or expenses that do not depend on the level of production output or operation and are incurred even
if there is no production or operation. Fixed costs are mainly the ebsapacity, whileariablecosts are

mainly the costs of operation.

Flexibility

The ability of ardlectric systemto respond to future changes that may stress the system in theeghort
and require the system to adapt in the ltamg. Increased vatidity resulting from the growing share of
variable renewable generation, such as wind and solar pewereasing the need for flexibility in grid

planning and operations.

Flexibility reserve

A new type of reserve that is being introduced in some electricity markets, mostly to compensate the
variability and uncertainty of variable renewable generation (e.g., wind and solar), and toconirett
area exchanges (reduce energy imbalances).

Forced outage
The condition in which the equipmentusavailable for servicewingto unanticipated failure or the
removal of equipment from service for emergency reasons.

Frequencybias
A value, usually given as MW/0.1 Hz, associated wilalancingauthoiity areathatrelates the
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difference between scheduled and actual frequency to the amount of generation required to correct the
difference.

Frequencycontrol

Also referred to afrequencyregulation frequency control includes maintaining system frequevityin
the specified range by continuous regulation of system generation and loads. Typicallystatfgee
frequency control procedure (primary, secondary, and tertiary control) is applied

Primary frequencycontrold The automatic and immediate respoosturbine governors and some loads

to frequency changes, which assist in stabilizing system frequency immediately following a disturbance.
Primarycontrol, also referred to dsequencyresponse, occurs within the first few seconds following a
change ingstem frequency.

Secondaryrequencycontrod Bal anci ng services deployed in the
frequencycontrol is accomplished using thatomaticgeneratiorcontrol and the manual actions taken by

the system operator to provide additadjustments. Secondagntrol maintains the minute-minute
balance throughout the day and is used to restore frequency to its scheduled value following a
disturbance. Secondacgntrol is provided by botepinning andnonspinningreserves.

Tertiary frequencycontrold Actions taken to provide relief for tremcondary frequencyoaotrol resources,
so that they are available to handle current and future contingencies. Reserve deployment and reserve
restoration following a disturbance are commypes oftertiary control actions.

Frequencyregulation

The purpose of frequency regulation, also knowfreguencycontrol, is to maintain system frequency
within the specified range. Frequenegulation typically refers to both frequency responseine
governors and tautomaticgeneratiorcontrol. It is provided by online generating units with frequency
responsive governors and by generation and demand resources that can respond aapisthati
generation contralequests for up and down nements to counterbalance mintweminute fluctuations
in system load and to correct for unintended fluctuations in generator outputs.

Frequencyresponse
The ability of a system or elements of the system to react or respond to a change in systenyfrequenc

Governor
The electronic, digitalor mechanical device that implemeptsnary frequencyesponse of generating
units or other system elements.

Grid services

The combination and operationalization of performance characteristics to perform a sptoificsach

as providing spinning reserve or load following. The commonly recognized grid services have evolved
through time as new challenges have faced the grid. In a market context, performance characteristics are
monetized through the procurement déseservices via mark@roducts However, not all services (e.g.
inertia) currently have market products and subsequently remain unmonetized.

Impacts
Changes iroutcomesas measured hyetrics

Inertia
The property of a mass that resigtgnges in speed.

Inadvertent interchange
The difference between tleentrolar e a6s net actwual i nterchange and

Incremental cost
The change in total costs that results when output is increased or decreased by a block or specific
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increment of units, not just by one unit. If the output is increased or decreased by just one unit (single kW
or kWh), the resulting costs are referred tonasginalcost.

Independent power producer (IPP)
A corporation, person, agency, authority, or otegal entity or instrumentality that owns or operates
facilities for the generation of electricity for use primarily by the public, and that is not an electric utility.

Independent system operator (ISO)
An independent, federally regulated entity esthielisto coordinate regional transmission in a
nondiscriminatory manner and ensure the safety and reliability of the electric system.

Inertial response
The inertial resistance of the rotating mass of turbine generator that resists instantaneous speed changes

Integrated resource planning (IRP)

A process of analyzing the growth and operation of utilities to ensure that energy needs are met through
the optimum mix of suppkgide and demanside resourced.helRP approach is also calléeastcost

planning.

Interchange
Energy transfers that crobalancingauthority boundaries.

Interconnected power system
A network of subsystems of generators, transmission lines, transformers, switching stations, and
substations.

Interconnection
A geographic area in which the operatiorbafk power gstem components is synchronized.

Interruptible load or demand
Demandhat enduse customer makes available to its lsadving entity via contract or agreement for
curtailment.

Interruption

The total loss of electric power on one or more normally energized conductors to one or more customers
connected to the distributigrortion of the electric system. This does not include any of the power quality
issues such as sags, swells, impulses, or harmonics.

Investor-owned utility (IOU)
A privately-owned electric utility whose stock is publicly traded. It is rate regulated dhdrened to
achieve an allowed rate of return.

Leastcost planning

A process of analyzing the growth and operation of utilities to ensure that energy needs over a specified
future period are met through the optimal (leastt) mix of supplhyside and demahside resources,

while satisfying all reliability criteria and other constraints.

Load
An enduse device or customer that receives power from the electric system.

Load following
Increase or decrease in generating unit power output to follow lbage(hourly) changes in electricity
demand.

Load leveling
Shifting the load from peak to effeak periods, which results in a flatteadprofile of systemload.

Load profile
A curve depicting aggregatagstem loadof all electricity consumers, typicallywer a 24hour period.
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Load-serving entity (LSE)
Secures energy and transmission service (and related interconnected operations services) to serve the
electrical demand and energy requirements of itsumedcustomers.

Lossof-Load-Expectation (LOLE )

LOLE is a reliability metric derived from tHessof-loadprobability (LOLP). LOLE is calculated as the
sum of daily LOLP values and indicates the expected number of days during which the available
generation capacity willkely not be able to fully meet the demand. LOLE is expressed in days per year.
The traditional reliability target value that is used for resource adequacy is 0.1 day/year (or 1 day in 10
years).

Loss-of-Load-Hours (LOLH )

LOLH is a reliability metric dexied from thdossof-loadprobability LOLP). LOLH is calculated as the
sum of hourly LOLP values and represents the number of hours during which there may be a risk of
available generation not being able to fully meet the demand.

Loss-of-Load-Probability (LOLP)

LOLP is a probabilistic reliability metric commonly used in electric power system expansion planning.
LOLP represerstthe probability that available generation capacity will not be able to fully meet the
demand at a given time.

Long-term transmisgon planning horizon
Transmission planning period that covers yé&atgoughl0 or beyond when required to accommodate
any known longetem projects that may take longer thEhyears to complete.

Marginal cost

The economic concept of the change in totalts that results when output is increased or decreased by a
single unit. In the electric power industry, marginal costs are the change in total costs resulting from the
production of one additional kilowatt (kW) or kilowdtour (kWh) of electricity.

Market clearing price
The price at which supply equals demand for theategad or hodahead markets.

Market -basedpricing

Prices of electric power or other forms of energy determined in an open market system of supply and
demand under which prices &t solely by agreement as to what buyers will pay and sellers will accept.
Such prices could recover less or more than full costs, depending upon what the buyers and sellers see as
their relevant opportunities and risks.

Microgrid

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

Near-term transmissionplanning horizon
The transmission planning period that covers y&ansough5.

Non-coincidental peak load

The sum of two or more peak loads on individual systemsithaot occur in the same time interval.
Meaningful only when considering loads within a limited period of time, such as a day, week, month, a
heating or cooling season, and usually for not more than 1 year.

Nonfirm power
Power or poweproducing capacitgupplied or available under a commitment having limited or no
assured availability.
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Nonutility power producer

A corporation, person, agency, authority, or other legal entity or instrumentality that owns or operates
facilities for electric generation ansl mot an electric utility. Nonutility power producers include
gualifying cogenerators, qualifying small power producers, and other nonutility generators (including
independent power producers). Natility power producers are without a designated frandrésevice

area and do not file forms listed in the Code of Federal Regulations, Title 18, Part 141.

Non-spinning reserve

The portion ofoperatingreservethat is not connected to the system but is capable of serving the demand
within a specified time (tyipally within 10 minutes), or interruptible load that can be removed from the
system in a specified time.

North American Electric Reliability Corporation (NERC): A nonprofit corporation formed in 2006 as

the successor to the North American Electric Rdligl€ouncil established to develop and maintain
mandatory reliability standards for the bulk electric system, with the fundamental goal of maintaining and
improving the reliability of that system. NERC consists of regional reliability entities covegng th
interconnected power regions of the contiguous United States, Canada, and Mexico.

Open access

Federal Energy Regulatory Commission (FERC) Order No. 888 requires public utilities to provide
nondiscriminatory transmission service over their transmissilitifzs to third parties to move bulk

power from one point to another on a nondiscriminatory basis for @asstl fee. Order 890 expanded
openaccess to cover the methodology for calculating available transmission transfer capability;
improvements thadtpened a coordinated transmission planning processes; standardization of energy and
generation imbalance charges; and other reforms regarding the designation and undesignation of
transmission network resources.

Operating reserve

The capability above firm system demand required to provide for regulation, load forecasting error,
equipment forced and scheduled outages, and local area protection. It corspisising reserveand
nonspinningreserve.

Outage
The period during which generating unit, transmission line, or other facility is out of service.

Outcomes
The actual or modeled erstlate of grid operations, as quantifiedrbgtrics.

Peak demand
The maximum load during a specified period of time.

Performance characteristics

The physical and operational attributes of a technology or system. Simple characteristics would include
emissions rates, ramp rates, and storage capabilities. More complex characteristics might include transient
responses. In a valuationrgext, performance characteristics must be modeled with varying levels of
granularity depending on the metrics to be quantified.

Planned interruption
The loss of electric power to one or more customers that results from a planned outage.

Planned outage
Thei nt enti onal disabling of a componentds capabili!
for the purposes of construction, preventive maintenance, or repair.

Primary frequency response
The immediate proportional increaer decrease in repbwer output provided by generating units and
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